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LIFE SUPPORT APPLICATIONS 
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Preliminary Specification 
Preproduction 
Product 
This data sheet contains preliminary data, and supplementary 
data will 


be published at a later date. Philips Semiconductors 
reserves the right 


to make changes at any time without notice in order to improve design 
and supply the best possible product. 


Product Specification 
Full Production 
This data sheet contains Final Specifications. 
Philips Semiconductors 


reserves the right to make changes at any time without notice, in order 
to improve design and supply the best possible product. 


Purchase of Philips 12Ccomponents conveys a license under the Philips' 12Cpatent 
to use the components in the 12C system provided the system conforms to the 
12Cspecifications defined by Philips. This specification can be ordered using the 
code 9398 393 40011. 
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Microcontrollers 
from Philips Semiconductors 


Philips Semiconductors 8 and 16-bit microcontrollers are based on the 
widely-accepted 8048, 8051 and XA architectures. We offer most of the 'industry 
standard' products in these architectures as well as a large selection of powerful 
derivative products. These derivatives offer a wide assortment of features, 
including: additional memory, AID, PWM, additional timers, DTMF, OSD, OTP, EMC 
and EMI, plus many others. The variety of product derivatives allows Philips 
Semiconductors to support a broad range of functions in consumer, telecom, EDP, 
multi media, automotive and industrial applications. 


For details, see: 


• 8048 'industry standard' architecture types (PCF84CXXX family) in "Data 


Handbook 
IC14". 
The PCD33XX family covers telecom terminal family devices based on the 8048 
core and instruction set, in "Data Handbook 
IC03" . 


• 8051 'industry standard' architecture types in "Data Handbook 
IC20" . 


• XA types in "Data Handbook 
IC25". 


The Low Power 80CL51 family of derivatives can be found in "Data Handbook 
IC20". These devices operate over the wide voltage range of 1.8 to 6.0V and are 
ideal for portable and battery operations. 


Many of Philips Semiconductors ICs offer on-board UART serial ports and 12C-bus. 
The 12C-bus allows easy connection to over 100 other devices, thereby increasing 
system capabilities even further. For automotive and industrial applications, we also 
offer the CAN and the VAN serial bus. The CAN standard, developed by Bosch, 
and VAN concepts offer high noise immunity and error correction. 


Philips Semiconductors 16-bit microcontroller family is based on the XA 
architecture. The XA is upwards compatible with the 80C51 and offers users an 
easy migration path to higher performance. While compatible with the 80C51 , this 
compatibility has in no way limited the performance of the XA, which is one of the 
highest performance 16-bit microcontrollers available. 


Philips Semiconductors is developing a family of 32-bit microcontrollers that will be 
based on the MIPS core. This family of microcontrollers will offer advanced 
performance for those applications that are computation and memory intensive in 
an embedded control environment. 
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. . .• . . . . . .. 
. ... 
SOT188-2 
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PLCC68: 
plastic leaded chip carrier; 68 leads; pedestal 
.......•.......•.........•... 
.. SOT188-3 
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Ceramic Leaded Chip Carrier 


68-Pin Chip Carrier, J-Bend (L) Package 
...........•...............•..................... 
1240C . . . . . . . 
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Ceramic leaded chip carrier (window); 68 leads 
........•.......•...................•...... 
N0330 
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Plastic Quad Flat Package 


OFP44: 
plastic quad flat package; 44 leads (lead length 1.3 mm); body 10 x 10 x 1.75 mm 
SOT307 -2 
5-19 


OFP44: 
plastic quad flat package; 44 leads (lead length 2.35 mm); body 14 x 14 x 2.2 mm 
....•........ 
SOT205-1 
5-20 


LOFP44: 
plastic low profile quad flat package; 44 leads; body 10 x 10 x 1.4 mm ...............•........ 
SOT389-1 
5-21 


OFP64: 
plastic quad flat package; 64 leads (lead length 2.35 mm); body 14 x 20 x 2.75 mm 
......•..... 
SOT208-1 
5-22 


OFP64: 
plastic quad flat package; 64 leads (lead length 1.95mm); body 14 x 20 x 2.8 mm ........•..... 
SOT319-2 
5-23 


OFP80: 
plastic quad flat package; 80 leads (lead length 1.6 mm); body 14 x 20 x 3.0 mm 
SOT310-1 
5-24 


OFP80: 
plastic quad flat package; 80 leads (lead length 1.95 mm); body 14 x 20 x 2.7 mm; 
high stand-off height ...........................................................•....... 
SOT318-1 
5-25 


OFP80: 
plastic quad flat package; 80 leads (lead length 1.95 mm); body 14 x 20 x 2.8 mm 
SOT318-2 
5-26 


Ceramic Quad Flat Package 


44-pin CerQuad J-Bend (K) Package 


68-pin CerQuad J-Bend (K) Package 


1472A 
. 


1473A 
. 


Plastic Small Outline Package 


S08: 
plastic small outline package; 8 leads; body width 3.9mm .....•............................. 
SOT96·1 
.... 
5-29 


S028: 
plastic small outline package; 28 leads; body width 7.5mm .......•....•..•....•....•........ 
SOT136-1 
5-30 


VS040: 
plastic very small outline package; 40 leads..... 
. ...•....•.........•............. 
SOT158-1 
5-31 


VS056: 
plastic very small outline package; 56 leads .....•...............•......................... 
SOT190-1 
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Plastic Shrink Small Outline Package 


SSOP24: 
plastic shrink small outline package; 24 leads; body width 5.3 mm 
....•....•.......•......... 
SOT340-1 
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SSOP28: 
plastic shrink small outline package; 28 leads; body width 5.3mm .....•....•....•..•....•.... 
SOT341-1 
5-34 
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Section 5 - 87C750, 8XC751, 8XC752 Application 
Notes 


AN422 
Using the 8XC751 microcontroller as an 12Cbus master 
See Section 4 


AN423 
Software driven serial communication 
routines for the 83C751 and 83C752 microcontrollers 
.. . . . . . 
5-3 


AN426 
Controlling air core meters with the 87C751 and SA5775 
5-8 


AN427 
Tomer I for the 83/87C7481749 
and the 83187C7511752 
(non-12C applications) microcontrollers 
5-22 


AN428 
Using the ADC and PWM olthe 
83C752187C752 
. . . 
5-28 


AN429 
Airflow measurement using the 83/87C752 
and "CO 
5-35 


AN430 
Using the 8XC751 1752 in mullimaster 12Capplications 
......•............ 
See Section 4 


AN433 
12Cslave routines for the 83C751 
See Section 4 


AN436 
"Opti-Mizer" power management for notebook computers using the 8XC752 microcontroller 
5-54 


AN439 
87C751 fast NiCad charger. 
. . .. . . . . . . . .. . . .. .. .. . .. .. .. . . . . . . . . . . . . . .. . .. .. . . . . . . . . . .. .. . 
5-64 


AN442 


AN446 


AN453 


AN454 


EIElAN91007 


(BCM) 87C751 Specification for a bus-controlled monitor 


A software duplex UART for the 751/752 


Using the 87C751 microcontroller to gang program PCF8582/PCF8581 EEPROMs 


Interfacing the 83C576/87C576 to the ISA bus 


12Cdriver routines for 8XC751/2 microcontrollers . 


5-76 


5-93 


5-101 


5-120 


. .... 
See Section 4 


Section 6 - 80C51 Application 
Notes & Articles 


AN408 
80C451 operation of port 6 
................••....•................... 


AN417 
256k Centronics printer buffer using the 87C451 microcontroller 


AN418 
Counter/timer 2 of the 83C552 microcontroller . 


AN420 
Using up to 5 external interrupts on 80C51 family microcontrollers 


AN424 
8051 family warm boot determinations 
. 


AN440 
RAM loader program for 80C51 family applications 
..•.................... 


AN443 
IEEE Micro Mouse using the 87C751 microcontroller ...........•....•....•. 


AN447 
Automatic baud rate detection for the 80C51 
. 


AN448 
Determining baud rates for 8051 UARTsand other UART issues 


AN449 
Measure resistance and capacitance without an AID 
. 


AN455 
Incircuit programming of the Philips 87C576 microcontroller ....•.•..•...................... 


AN456 
Using LC oscillator circuits with Philips microcontrollers . 
. 
. 


AN457 
80C51 External Memory Interfacing. 


ESG89001 
Electro magnetic compatibility and printed circuit board (PCB) constraints 


EIElAN91001 
Workbench EMC evaluation method 
. 


EIElAN91006 
AID conversion with P83CL410 PCF1252-x 


EIE/AN91009 
Driver for 8xC851 E2PROM 


EIElAN92001 
Low RF-emission applications with a P83CE654 microcontroller 


EiE/AN93017 
Using the analog-to-digital converter of the 8XC552 microcontroller 


Chips push CAN bus into embedded world 
. 


Add Text Overlay to Any Video Display 


Section 7 - Control Area Network (CAN) Bus 


Control Area Network (CAN) overview .. 
. . . . . . . . . . . 
. 
. 


P82C150 
CAN Serial Linked itO device (SLlO) with digital and analog port functions 


82C200 
Stand-alone CAN-controller. 
. . . . . . . . . . . . . . 
. 
. 


PCA82C250 
CAN controller interface 
...........•. 


Section 8 - 
Development 
Support Tools 


Development support tools .. 
. ..........................•. 


Advin Systems. inc.: PILOT-MVP Universal Programmer 
. 


Aisys ltd.: DriveWayT·-51 Device Drivers Code Generation Tooi 


Archimedes Software. Inc.: IDE-8051 Integrated Development Environment ..........•. 


Ashling: CTS51 Microprocessor Development Systems for Philips Microcontrollers 


Avocet Systems, Inc.: AvCase51 Complete Embedded Software Development 


BSOlTasking: The total development solution for the 8051 family 
. 


Cactus Logic: Integrated Debugging System/LC (IDS/LCT.) ....................•.... 


CEIBO: 
DS-51 Microprocessor Development System 
EB-51 Emulation Board 
DB-51 Development Board 
. 


DS-750 Microcontroller Development Tool 
DS-752 In Circuit Emulator 
. 


MP-51 Programmer 
. 


ChipView®-51 High-LeveitLow-Level Debugger 


CMX-RTXT., CMX-TINYT., CMX-TINY+T. 
Real-TIme Multi-Tasking Operating System for Microprocessors and Microcomputers. 


ChipTools, Inc.: 


CMX Company: 


6-3 


6-14 


6-27 


6-34 


6-36 


6-38 


6-47 


6-68 


6-71 


6-74 


6-87 


6-92 


6-94 


6-112 


6-131 


6-148 


6-164 


6-179 


6-191 


6-209 


6-211 


8-3 


8-16 


8-17 


8-18 


8-19 


8-24 


8-25 


8-34 


8-35 
8-43 
8-47 
8-49 
8-51 
8-53 


8-55 


HiTech Equipment Corp: 


Hitex: 


IAR Systems: 


ET-iC2000 8051 Real-Timer In-Circuit Open Emulator 
8051 Emulator Adapters, Test Clips and Accessories 
.....• 
, , ... 


8051 Software Development Tool Suites 
, . 


ProView-8051 
Turbo Tools 
, . 


DS51 Source Level Debugger/Simulator 
, ....•........... 


A51 Macro Assembler Kit 
, . 
. 
. 


C51 C Language Compiler Kit for the Professional User 
DK51-Complete 
8051 Developers Kit 


PK51-The 
Professional 8051 Developers Kit .. 


DrylCE 8051 Family In-Circuit Emulators 
. 


tetetest 51ln·Circuit 
Emulators ................•. 


8051 Embedded Workbench for Windows 
C·SPV 8051 for Windows 
. 


TRACE32 ICE-51 
. 


8051 Family Programming Adapters and Socket Adapters 


iceMASTER·PE'" 
8051 Family In-Circuit Emulator. 
iceMASTER'" 
8051 In-Circuit Emulators 
. 


Microtek International, .Inc.: 
EasyPack 8051 Family In-Circuit Emulator 
. 


EasyPack 8052F In-Circuit Emulator. 
. . . . . . . . . . . 
. 
. 


EMUL51·PC. 
. 
. 


EMUL51-PC - PC-based in-circuit emulator 


Raisonance: 
PCE-51 Real·Time In-Circuit Emulator 
,. 


Ramtex AlS: 
STIMGATE® Target Controller for ANSI-C 


Signum Systems: 
USP-51 In-Circuit Emulator. 


Systronix®, Inc.: 
BCI51 Pro/Dallas Development Board 
. 


PDS51 
Development System for 8XC51 Microcontroller 
Derivatives. 


LCP Family of Programmers for 87C51 and Derivatives 
. 


S87COOKSD 
8XC51 and 12CBus Evaluation Board 


OM4130 
CAN evaluation board with the 8XC552 and 82C200 CAN controller .. 


OM4239 
CAN evaluation board with the 8XC592 microcontroller 
. 


OM4240 
Evaluation board for the 8XCE598 microcontroller 


OM4272 
SLiO evaluation board with the 82C150 and 82C250 CAN ICs . 


OM4280 
P83C852 Smart Card crypto-controller 
demonstration kit 


PEB552 
Evaluation board .............................................•..•........ 


Logical Systems: 


MetaLink Corporation: 
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8-59 
8-61 
8-63 
8-64 
8-65 
8-66 
8-67 


8-68 


8-69 


8-70 
8-71 


8-72 


8-73 


8-74 
8-79 


8-92 
8-95 


8-97 
8-99 


8-11 0 


8-111 


8-112 


8-113 


8-114 


8-118 


8-121 


8-122 


8-123 


8-124 


8-125 


8-126 


8-127 


TOTAL QUALITY 
MANAGEMENT 


Philips Semiconductors 
is a Quality Company, renowned 


for the high quality of our products and service. We keep 
alive this tradition by constantly aiming towards one 
ultimate standard, that of zero defects. This aim is guided 
by our Total Quality Management 
(TQM) system, the 


basis of which is described in the following paragraphs. 


Quality assurance 


Based on ISO 9000 standards, customer standards such 
as Ford TQE and IBM MDQ. Our factories are certified to 
ISO 9000 by external inspectorates. 


Partnerships 
with customers 


PPM co-operations, 
design-in agreements, 
ship-to-stock, 
just-in-time 
and self-qualification 
programmes, 
and 


application support. 


Partnerships 
with suppliers 


Ship-to-stock, 
statistical process control and ISO 9000 


audits. 


Quality 
improvement 
programme 


Continuous 
process and system improvement, 
design 


improvement, 
complete use of statistical process control, 
realization of our final objective of zero defects, and 
logistics improvement 
by ship-to-stock 
and just-in-time 


agreements. 


ADVANCED 
QUALITY 
PLANNING 


During the design and development 
of new products and 


processes, quality is built-in by advanced quality 
planning. Through failure-mode-and-effect 
analysis the 


critical parameters 
are detected and measures taken to 


ensure good performance 
on these parameters. The 


capability of process steps is also planned in this phase. 


The assurance of product conformance 
is an integral part 


of our quality assurance 
(QA) practice. This is achieved 


by: 


• Incoming material management 
through partnerships 


with suppliers. 


• In-line quality assurance to monitor process 


reproducibility 
during manufacture 
and initiate any 


necessary corrective action. Critical process steps are 
100% under statistical process control. 


• Acceptance 
tests on finished products to verify 


conformance 
with the device specification. 
The test 
results are used for quality feedback and corrective 
actions. The inspection and test requirements 
are 


detailed in the general quality specifications. 


• Periodic inspections to monitor and measure the 


conformance 
of products. 


PRODUCT 
RELIABILITY 


With the increasing complexity of Original Equipment 
Manufacturer 
(OEM) equipment, 
components 
reliability 


must be extremely high. Our research laboratories 
and 


development 
departments 
study the failure mechanisms 


of semiconductors. 
Their studies result in design rules 


and process optimization 
for the highest built-in product 
reliability. Highly accelerated tests are applied to the 
product reliability evaluation. 
Rejects from reliability tests 


and from customer complaints are submitted to failure 
analysis, to result in corrective action. 


CUSTOMER 
RESPONSES 


Our quality improvement 
depends on joint action with our 


customer. We need our customer's 
inputs and we invite 


constructive comments on all aspects of our performance. 
Please contact our local sales representative. 


RECOGNITION 


The high quality of our products and services is 
demonstrated 
by many Quality Awards granted by major 


customers and international organizations. 


Part Number 
Memory 
Counter 
I/O 
Serial 
External 
Comments! 
(ROMless) 
ROM 
EPRM 
RAM 
Timers 
Port 
Interfaces 
Interrupt 
Special Features 


P 
83C750 
1K 
64 
1 (16-bit) 
2-318 
2 
40 MHz, Lowest cost, SSOP 


P 
87C750 
1K 
64 
1 (16-bit) 
2-318 
2 
40 MHz, Lowest cost, SSOP 


P 
83C748 
2K 
64 
1 (16-bit) 
2-318 
2 
8XC751 wlo 1«;, SSOP 


P 
87C748 
2K 
64 
1 (16-bit) 
2-318 
2 
8XC751 wlo I"C, SSOP 


s 
83C751 
2K 
64 
1 (16-bit) 
2-318 
12C(bit) 
2 
24-pin Skinny DIP, SSOP 


S 
87C751 
2K 
64 
1 (16-bit) 
2-318 
12C(bit) 
2 
24-pin Skinny DIP, SSOP 


P 
83C749 
2K 
64 
1 (16-bit) 
2-518 
2 
8XC752 
wlo I"C, SSOP 


P 
87C749 
2K 
64 
1 (16-bit) 
2-518 
2 
8XC752 
wlo 12C,SSOP 


S 
83C752 
2K 
64 
1 (16-bit) 
2-518 
12C(bit) 
2 
5 Channel8-bit 
AlD, PWM Output, SSOP 


S 
87C752 
2K 
64 
1 (16-bit) 
2-518 
12C(bit) 
2 
5 Channel 8-bit AlD, PWM Output, SSOP 


SC 
8OC51 (80C31) 
4K 
128 
2 
4 
UART 
2 
CMOS (Sunnyvale) 


PCx 
80C51 (80C31) 
4K 
128 
2 
4 
UART 
2 
CMOS (Hamburg) 


SC 
87C51 
4K 
128 
2 
4 
UART 
2 
CMOS 


P 
80CL51 (80CL31) 
4K 
128 
2 
4 
UART 
10 
Low Voltage (1.8V to 6V), Low Power 


P 
83CL410 (8OCL410) 
4K 
128 
2 
4 
12C 
10 
Low Voltage (1.8V to 6V), Low Power 


SC 
83C451 (80C451) 
4K 
128 
2 
7 
UART 
2 
Extended 
1/0, Processor 
Bus Interface 


SC 
87C451 
4K 
128 
2 
7 
UART 
2 
Extended 
I/O, Processor 
Bus Interface 


P 
83C550 (80C550) 
4K 
128 
2 + Watchdog 
4 
UART 
2 
8 Channel 8-bit AlD 


P 
87C550 
4K 
128 
2 + Watchdog 
4 
UART 
2 
8 Channel 8-bit AlD 


P 
83C851 (80C851) 
4K 
128 
2 
4 
UART 
2 
256B EEPROM, 
80C51 Pin compatible 


P 
83C852 
6K 
256 
2 (16-bit) 
218 
1 
Smartcard 
Controller 
with 2K EEPROM 
(Data, 
Code) Cryptographic 
Calc Unit 


P 
83CLSBO (8OCL560) 
6K 
256 
3 + Watchdog 
5 
UART,I"C 
9 
4 Channel 8-bit AlD, PWM Output, 


Low Voltage (2.5V to 6V), Low Power 


P 
8OC52 (8OC32) 
8K 
256 
3 
4 
UART 
2 
80C51 Pin Compatible 


P 
87C52 
8K 
256 
3 
4 
UART 
2 
(see above) 


P 
83C652 (BOC652) 
8K 
256 
2 
4 
UART,I"C 
2 
BOC51 Pin Compatible 


S 
87C652 
8K 
256 
2 
4 
UART,I"C 
2 
(see above) 


P 
83C453 (80C453) 
8K 
256 
2 
7 
UART 
2 
Extended 
1/0, Processor 
Bus Interface 


P 
87C453 
8K 
256 
2 
7 
UART 
2 
Extended 
I/O, Processor 
Bus Interface 


S 
83C51FA (BOC51FA) 
8K 
256 
3 + PCA 
4 
UART 
2 
Enhanced 
UART, 3 timers + PCA 


S 
87C51FA 
8K 
256 
3 + PCA 
4 
UART 
2 
Enhanced 
UART, 3 timers + peA 


S 
83L51FA 
8K 
256 
3+ 
PCA 
4 
UART 
2 
Low Voltage 83C51 FA (3V @ 20MHz) 


S 
87L51FA 
8K 
256 
3+ 
PCA 
4 
UART 
2 
Low Voltage OTP 87C51 FA (3V @ 20M Hz) 


P 
83C575 (80C575) 
8K 
256 
3+ 
PCA+ 
4 
UART 
2 
High Reliability, with Low Voltage Detect, 


Watchdog 
OSC Fail Detect, Analog Comparators, 
PeA 


P 
87C575 
8K 
256 
(see above) 
4 
UART 
2 
(see above) 


P 
83C576 (80C576) 
8K 
256 
3 + PCA+ 
4 
UART 
2 
Same as 8XC575 plus UPI and 1O-bit AlD 
Watchdog 


P 
87C576 
8K 
256 
(see above) 
4 
UART 
2 
(see above) 


PC 
83C562 (80C562) 
8K 
256 
3+ Watchdog 
6 
UART 
2 
8 Channel 8-bit AlD, 2 PWM Outputs, 
Capture/Compare 
Timer 


PCx 
83C552 (80C552) 
8K 
256 
3+ Watchdog 
6 
UART,12C 
2 
8 Channel10-bit 
AlD, 2 PWM Outputs, 


Capture/Compare 
Timer 


S 
87C552 
8K 
256 
3+ Watchdog 
6 
UART,12C 
2 
(see above) 


Part Number 
Program 
Clock 
Freq 
Temperature 
Ranges 
(OC) 
>'acK8ge 


(ROMless) 
Security? 
(MHz) 
Ot070 
-40 
to +85 
-os to +12S 
POIP 
COIP 
PLCC 
CLCC 
PQFPISSOP 


83C750 
S 
N 
3.5 to 40 
X 
X 
N24 
F24 
A28 
0624 
(G-70Fj 


87C750 
5 
y 
3.51040 
X 
X 
N24 
F24 
A28 
0624 
(G-70F) 


83C748 
5 
N 
3.51016 
X 
X 
N24 
A28 
0624 
(G-70F) 


87C748 
5 
y 
3.51016 
X 
X 
N24 
F24 
A28 
0624 
(G-70F) 


83C751 
5 
N 
3.51016 
X 
X 
N24 
A28 
0624 
(G-70Fj 


87C751 
5 
Y 
3.51016 
X 
X 
N24 
F24 
A28 
0624 
(G-70Fj 


83C749 
5 
N 
3.51016 
X 
X 
N28 
A28 
0628 
(G-70F) 


87C749 
5 
y 
3.51016 
X 
X 
N28 
F28 
A28 
0628 
(G-70F) 


83C752 
5 
N 
3.51016 
X 
X 
X 
N28 
A28 
0628 
(G-70F) 


87C752 
5 
Y 
3.51016 
X 
X 
X 
N28 
F28 
A28 
0628 
(G-70F) 


SC8OC51 (80C31) 
S 
Y 
3.5 to 33 
X 
X 
X 
N40 
A44 
B44(5) 


PCxBOC51 (BOC31) 
H 
N 
1.2t030 
X 
X 
X 
P(40) 
WP(44) 
H(44) 


87C51 
5 
y 
3.51033 
X 
X 
X 
N40 
F40 
A44 
K44 
B44 (5) 


8OCL51 (8OCL31) 
Z 
N 
Oto 16(1) 
X 
N40(2) 
644 


83CL410(BOCL410) 
Z 
N 
Oto 12(1) 
X 
N40(2) 
B44 


83C451 (8OC451) 
5 
N 
3.5 to 16 
X 
X 
X 
N64(4) 
A68 


87C451 
5 
y 
3.51016 
X 
X 
X 
N64(4) 
A68 


83C550 (8OC550) 
5 
Y 
3.5t016 
X 
X 
N40 
A44 


87C550 
5 
y 
3.5 to 16 
X 
X 
-40 to +125 
N40 
F40 
A44 
K44 


83C8S1 (8OC851) 
H 
Y 
1.2 to 16 
X 
X 
N40 
A44 
B44 


83C852 
H 
Y 
11012 
X 
5028 
or die 


83CL580 (8OCL580) 
Z 
N 
01012(1) 
X 
(3) 
B64 


8OC52 (BOC32) 
5 
Y 
3.51024 
X 
X 
N40 
A44 
B44(5) 


87C52 
S 
Y 
3.51024 
X 
X 
X 
N40 
F40 
A44 
K44 
B44(5) 


83C652 (8OC652) 
H 
Y 
1.2t024 
X 
X 
-40 10+125 
N40 
A44 
B44 


87C652 
5 
Y 
1.21020 
X 
X 
X 
N40 
F40 
A44 
K44 


83C453 (8OC453) 
5 
N 
3.5t016 
X 
X 
A68 


87C453 
5 
y 
3.51016 
X 
X 
A68 


83C51 FA (BOC51FA) 
S 
Y 
3.51024 
X 
X 
N40 
A44 
644 


87C51FA 
5 
Y 
3.51024 
X 
X 
N40 
F40 
A44 
K44 
B44 


83L51FA 
S 
y 
3.51020 
X 
X 
N40 
A44 
644 


87L51FA 
5 
y 
3.51020 
X 
X 
N40 
F40 
A44 
K44 
B44 


83C575 (8OCS7S) 
5 
y 
41016 
X 
X 
N40 
A44 
644 


87C575 
5 
Y 
41016 
X 
X 
N40 
F40 
A44 
K44 
644 


83C576 (8OC576) 
5 
Y 
41016 
X 
X 
N40 
A44 
644 


87C576 
5 
y 
41016 
X 
X 
N40 
F40 
A44 
K44 
644 


83C562 (8OC562) 
H 
N 
1.21016 
X 
X 
-4010 
+125 
A68 
BaO 


83C552 (8OC552) 
H 
N 
1.21030 
X 
X 
-4010 
+125 
A68 
BaO 


87C552 
5 
y 
1.21016 
X 
A68 
K68 


Noles: 
ProductIOn 
Centers 
are Indicated 
in Ihe second 
column: 
H - Hamburg, 
S - Sunnyvale, 
Z - Zurich. 


All combinalions 
of part type, 
speed, 
temperalure 
and package 
may not be available. 
1) Oscillator 
oplions 
slart from 32kHz. 
2) Also available 
in VS040 
package. 


3) Also available 
in VS056 
Package. 
4) Nol recommended 
for new design. 
5) Package 
available 
up to 16 MHz only. 


Part Number 
Memory 
Counter 
110 
Serial 
External 
Comments! 
(ROM less) 
ROM 
EPRM 
RAM 
Timers 
Port 
Interfaces 
Interrupt 
Special 
Features 


p 
83C055 
16K 
256 
2 (16-bit) 
31/2 
2 
On-Screen 
Display, 9 PWM Outputs, 


3 Software AID Inputs 


p 
87C055 
16K 
256 
2 (16-bit) 
31/2 
2 
(see above) 


p 
80C54 
16K 
256 
3 
4 
UART 
2 
Standard; 
BOC51 compatible 


p 
87C54 
16K 
256 
3 
4 
UART 
2 
Standard; 
87C51 compatible 


p 
83C654 
16K 
256 
2 
4 
UART,I2C 
2 
8OC51 Pin Compatible 


S 
87C654 
16K 
256 
2 
4 
UART,I2C 
2 
(see above) 


p 
83CE654 
16K 
256 
2 
4 
UART,I2C 
2 
83C654 with Reduced EMI 


p 
83CL781 
16K 
256 
3 
4 
UART,I2C 
10 
Low Voltage (1.8V to 6V), Low Power 


p 
83CL782 
16K 
256 
3 
4 
UART,I2C 
10 
83CL781 Optimized 
12MHz 
@ 3.1V 


S 
83C51FB 
16K 
256 
3 + PCA 
4 
UART 
2 
Enhanced 
UART, 3 timers + PCA 


S 
87C51FB 
16K 
256 
3 + PCA 
4 
UART 
2 
Enhanced 
UART, 3 timers + PCA 


S 
83L51FB 
16K 
256 
3 + PCA 
4 
UART 
2 
Low Voltage 83C51 FB (3V @ 20M Hz) 


S 
87L51FB 
16K 
256 
3+ 
PCA 
4 
UART 
2 
Low Voltage OTP 87C51 FB (3V @ 20MHz) 


p 
83C524 
16K 
512 
3 + Watchdog 
4 
UART, IZC-b~ 
2 
512 RAM 


p 
87C524 
16K 
512 
3+ Watchdog 
4 
UART, IZC-b~ 
2 
512 RAM 


p 
83C592 (8OC592) 
16K 
512 
3+ Watchdog 
6 
UART, CAN 
6 
CAN Bus Controller 
with 8 x 10-biI AID, 


2 PWM outputs, 
Capture/Compare 
lImer 


p 
87C592 
16K 
512 
3+ Watchdog 
6 
UART,CAN 
6 
(see above) 


p 
80C58 
32K 
258 
3 
4 
UART 
2 
Standard; 
8OC51 compatible 


p 
87C58 
32K 
256 
3 
4 
UART 
2 
Standard; 
87C51 compatibte 


S 
83C51FC 
32K 
256 
3+ 
PCA 
4 
UART 
2 
Enhanced 
UART, 3 timers + PCA 


S 
87C51FC 
32K 
256 
3 + PCA 
4 
UART 
2 
Enhanced 
UART, 3 timers + PCA 


p 
83C528 (8OC528) 
32K 
512 
3 + Watchdog 
4 
UART, IZC-b~ 
2 
Large Memory for High Level Languages 


p 
87C528 
32K 
512 
3 + Watchdog 
4 
UART, IZC-b~ 
2 
Large Memory for High Level Languages 


p 
83CE528 
(8OCE528) 
32K 
512 
3 + Watchdog 
4 
UART, IZC-bit 
2 
8XC528 with Reduced 
EMI 
p 
83CE598 
(80CE598) 
32K 
512 
3 + Watchdog 
6 
UART,CAN 
6 
CAN Bus Controller, 
8 x 10-biI AID, 
2 PWM outputs, WD, T2, Reduced 
EMI 


p 
87CE598 
32K 
512 
3 + Watchdog 
6 
UART, CAN 
6 
(see above) 
p 
83CE558(80CE558) 
32K 
1024 
3 + Watchdog 
6 
UART,I2C 
2 
Low EMI, 8 Channel 
1O-bit AID, 


2 PWM Outputs, Capture/Compare 
lImer 


p 
89CE558 
32K 
1024 
3+ Watchdog 
6 
UART,I2C 
2 
32K Flash 
EEPROM 
plus above 


Part Number 
Program 
Clock 
Freq 
Temperature 
Henges 
(0<;) 
•.•aCKage 


(ROM less) 
Security? 
(MHz) 
Ot070 
-40 
to +85 
~5to+125 
PDIP 
CDIP 
PLCC 
CLCC 
PQFPISSOP 


83C055 
S 
N 
3.5 to 20 
X 
N842 


87C055 
S 
N 
3.5 to 20 
X 
N842 


8OC54 
S 
y 
3.5 to 24 
X 
X 
N40 
A44 
844 


87C54 
S 
y 
3.5 to 24 
X 
X 
N40 
F40 
A44 
K44 
844 


83C654 (8OC654) 
H 
Y 
1.2 to 24 
X 
X 
-40 to +125 
R42, 
A44 
844 


N40 


87C654 
S 
y 
1.2t020 
X 
X 
X 
N40 
F40 
A44 
K44 
B44 


83CE654 
H 
Y 
1.2to 
16 
X 
X 
844 


83CL781 
Z 
N 
Oto 12(1) 
X 
N40 
B44 


83CL782 
Z 
N 
Oto 12(1) 
-25 to +55 
N40 
844 


83C51FB 
S 
y 
3.5t024 
X 
X 
N40 
A44 
844 


87C51FB 
S 
y 
3.5t024 
X 
X 
N40 
F40 
A44 
K44 
844 


83L51FB 
S 
y 
3.5t020 
X 
N40 
A44 
B44 


87L51FB 
S 
y 
3.5t020 
X 
N40 
F40 
A44 
K44 
844 


83C524 
H 
Y 
1.2t016 
X 
X 
N40 
A44 
B44 


87C524 
S 
y 
3.5t020 
X 
X 
N40 
F40 
A44 
K44 
844 


83C592 (8OC592) 
H 
Y 
1.2t016 
X 
-40 to +125 
A68 
K68 


87C592 
H 
Y 
1.2 to 16 
X 
R42 
A68 
K68 


8OC58 
S 
y 
3.5 to 16 
X 
X 
N40 
A44 
B44 


87C58 
S 
y 
3.5 to 16 
X 
X 
N40 
F40 
A44 
K44 
844 


83C51FC 
S 
y 
3.5 to 24 
X 
X 
N40 
A44 
B44 


87C51FC 
S 
y 
3.5 to 24 
X 
X 
N40 
F40 
A44 
K44 
844 


83C528 (8OC528) 
H 
y 
1.2to 
16 
X 
X 
-40 to +125 
N40 
A44 
B44 


87C528 
S 
y 
3.5t020 
X 
X 
N40 
F40 
A44 
K44 
844 


83CE528 
(8OCE528) 
H 
Y 
1.2 to 16 
X 
X 
-40 to +125 
A44 
B44 


83CE598 
(8OCE598) 
H 
Y 
1.2 to 16 
X 
-40 to +125 
B80 


87CE598 
H 
Y 
3.5t016 
X 
X 
B80 


83C E558 8OCE558 
H 
y 
1.2t016 
X 
X 
-40 to +125 
B80 


89CE558 
H 
Y 
1.2t016 
X 
X 
080 
B80 


Notes: 
Production 
Centers 
are indicated 
in the second 
column: 
H - Hamburg, 
S - Sunnyvale, 
Z - Zurich. 
All combinations 
of part type, 
speed, 
temperature 
and package 
may not be available. 


1) Oscillator 
options 
start from 32kHz. 
2) Also available 
in VS040 
package. 
3) Also available 
in VS056 
Package. 


4) Not recommended 
for new design. 


5) Package 
available 
up to 16 MHz only. 


INTEL 
SIEMENS 
OKI 
MATRAlHARRIS 
PHILIPS SEMICONDUCTORS 


CMOS 
80C31BH 
SAB80C31 
MSM80C31 
80C31 
PCB80C31 BH-21SC80C31 BCC 
80C31BH·1 
80C31-1 
PCB80C31 BH-31SC80C31 BCG 
80C31BH-2 
MSM80C31 
80C3151 
ISC80C31BCB 


80C51BH 
SAB80C51 
MSM80C51 
80C51 
PCB80C51 BH-21SC80C51 BCC 
80C51BH-1 
80C51-1 
PCBBOC51BH-31SC80C51 BCG 
80C51BH-2 
MSM80C51 
80C51 
ISC80C51BCB 


87C51 
~ 
SC87C51CC 
B7C51-1 
SC87C51CG 
87C51-2 
SC87C51CB 


BOC32 
SAB80C32 
P80C32EB 
80C32-1 
80C32-25 
P80C32GB 
BOC52 
SAB80C52 
P80C52EB 
80C52-1 
BOC52-25 
P80C52GB 


80C54 
80C54 
83C54 
83C54 
87C54 
87C54 
80C58 
80C58 
83C58 
83C58 
87C5B 
87C58 


CMOS 
83C51FA 
S83C51FA 
87C51FA 
SB7C51FA 
83C51FB 
S83C51FB 
87C51FB 
S87C51FB 
83C51FC 
S83C51FC 
87C51FC 
S87C51FC 


NOTES: 
1. 80XXAHL = 80XX with low power standby pin; H = HMOS. 
, 


Type 
Available 
ROM 
RAM 
VO 
12C 
UART 
Features 
Package 


80CL51 
Yes 
4k 
128 
32 
No 
Yes 
Low Voltage 80C51 
40-Pin Dual In-Line 
40-Pin Very Small Outline 
44-Pin Quad Flat Pack 


80CL31 
Yes 
- 
128 
32 
No 
Yes 
Low Voltage 80C31 
40-Pin Dual In-Line 
40-Pin Very Small Outline 
44-Pin Quad Flat Pack 


83CL410 
Yes 
4k 
128 
32 
Yes 
No 
80CL51 with 
12C-bus 
40-Pin Dual In-Line 
40-Pin Very Small Outline 
44-Pin Quad Flat Pack 


80CL410 
Yes 
- 
128 
32 
Yes 
No 
80CL51 with 
12C-bus 
40-Pin Dual In-Line 
40-Pin Very Small Outline 
44-Pin Quad Flat Pack 


83CL580 
Yes 
6k 
256 
40 
Yes 
Yes 
ADC, PWM, Watchdog, T2 
50-Pin Very Small Outline 
64-Pin Quad Flat Pack 


80CL580 
Yes 
- 
256 
40 
Yes 
Yes 
ADC, PWM, Watchdog, T2 
50-Pin Very Small Outline 
64-Pin Quad Flat Pack 


83CL781 
Yes 
16k 
256 
32 
Yes 
Yes 
Low voltage 83C654, T2 
40-Pin Dual In-Line 
44-Pin Quad Flat Pack 


83CL782 
Yes 
16k 
256 
32 
Yes 
Yes 
Fast 83CL781: 12MHzl3V 
40-Pin Dual In-Line 
44-Pin Quad Flat Pack 


85CLOOO 
Yes 
- 
256 
32 
Yes 
Yes 
For SW development 
Piggyback 


85CL580 
Yes 
- 
256 
40 
Yes 
Yes 
For SW development 
Piggyback 


85CL782 
Yes 
- 
256 
32 
Yes 
Yes 
For SW development 
Piggyback 


Type 
Available 
ROM 
RAM 
110 
12C 
UART 
Features 
Package 


83L51FA 
Yes 
8k 
256 
32 
No 
Yes 
PCA, Enhanced UART 
40-Pin Dual In-Line 


3.0Vto 4.5V 
44-Pin PLCC 
44-Pin Quad Flat Pack 


87L51FA 
Yes 
8k 
256 
32 
No 
Yes 
PCA, Enhanced UART 
40-Pin Dual In-Line 
EPROM! 
3.0Vto 4.5V 
44-Pin PLCC 
OTP 
44-Pin Quad Flat Pack 


83L51FB 
Yes 
16k 
256 
32 
No 
Yes 
PCA, Enhanced UART 
40-Pin Dual In-Line 
3.0Vto 4.5V 
44-Pin PLCC 
44-Pin Quad Flat Pack 


83L51FB 
Yes 
16k 
256 
32 
No 
Yes 
PCA, Enhanced UART 
40-Pin Dual In-Line 
EPROM! 
3.0Vto 4.5V 
44-Pin PLCC 
OTP 
44-Pin Quad Flat Pack 


TYPE 
ROM 
RAM 
SPEED 
PACKAGE 
FUNCTIONS 
REMARKS 
PROBE 
REMARKS 


(MHz) 
SDS 


84C21 A 
2k 
64 
10 
DIL28/S028 
20 I/O lines 
OM1083 
OM1025 
84C41 A 
4k 
128 
10 
DIL28/S028 
8-bittimer 
(LSDS) 
84C81 A 
8k 
256 
10 
DIL28/S028 
Byte 12C 


84C22A 
2k 
64 
10 
DIL20/S020 
131/0 lines 
OM1083 + 
OM1025 
84C42A 
4k 
64 
10 
DIL20/S020 
8-bittimer 
Adapter_l 
(LSDS) 


84C12A 
lk 
64 
16 
DIL20/S020 
DIL20/S020 


84COOB 
0 
256 
10 
28 pins 
20 I/O lines 
Piggyback 
OM1080 
8-bittimer 
Byte 12C 


84COOT 
0 
256 
10 
VSO-56 
ROMless 
OM1080 


84C121 
lk 
64 
10 
DIL20/S020 
131/0 lines 
OM1073 
OM1025(LEDS) 
2 8-bit timers 
8 bytes 


84C121B 
0 
64 
10 
EEPROM 
Piggyback 
OM1027 


84C122A 
lk 
32 
10 
A: S020 
Controller for 
OM4830 


84C122B 
B: S024 
remote control 


84C422A 
4K 
32 
C: S028 
A: 121/0 


84C422B 
B: 161/0 


84C822A 
8K 
32 
C: 20 I/O 


84C822B 
84C822C 


84C230 
21 
64 
10 
DIL40NS040 
121/0 lines 
OM1072 


8-bittimer 
16*4 LCD drive 


84C430 
4k 
128 
10 
QFP64 
241/0 lines 
OM1072 
8-bittimer 
Byte 12C 
24*4 LCD drive 


84C430BH 
0 
128 
10 
Piggyback for C230 
and C430 


84C633 
6k 
256 
16 
VS056 
281/0 lines 
OM1086 
8-bittimer 
16-bit up/down 
counter 
16-bittimer 
with compare 
and capture 


84C633B 
0 
256 
16 
16*4 LCD drive 


84C440 
4k 
128 
10 
DIP42 shrunk 
RC: 29 I/O lines 
r2c, 
RC 
OM1074 
For emulation of 


84C441 
4k 
128 
10 
LC: 28 I/O lines 
12C, 
LC 
LC versions, 
84C443 
4k 
128 
10 
8-bittimer 
RC 
useOM1074 
+ 


84C444 
4k 
128 
10 
114-bitPWM 
LC 
adaptec3 
+ 
84C640 
6k 
128 
10 
56-bitPWM 
12C, 
RC 
2adapter_5 
84C641 
6k 
128 
10 
3-bitADC 
12C, 
LC 


84C643 
6k 
128 
10 
OSD2L-16 
RC 


84C644 
6k 
128 
10 
LC 


84C840 
8k 
192 
10 
12C, 
RC 


84C841 
8k 
192 
10 
12C, 
LC 


84C843 
8k 
192 
10 
RC 
Baud for LCDS 
84C844 
8k 
192 
10 
LC 
OM4831 


TYPE 
ROM 
RAM 
SPEED 
PACKAGE 
FUNCTIONS 
REMARKS 
PROBE 
REMARKS 
(MHz) 
SDS 


84C646 
6k 
192 
10 
DIP42 shrunk 
30 I/O lines 
j2C. 
RC 
OM4829+ 
OM4833 for 


84C846 
8k 
192 
10 
DOS clock = 
12C. 
RC 
OM4832 
LCD584 


PLL 
8 bit timer 
1-14bitPWM 
4-6 bitPWM 
, 
4-7bitPWM 
3-4bitADC 
DOS: 64 disp. 
RAM 
62 char. fonts 
Char. blinking 
Shadow modes 
8 foreground 
colors/char. 


8 background 
colorslword 
DOS: clock: 


8 .. 20MHz 


84C85 
8k 
256 
10 
DIL40NS040 
32 I/O lines 
OM1070 
8-biltimer 
Byte 12C 
84C85B 
0 
256 
10 
Piggyback for C85 


84C853 
8k 
256 
16 
DIL40NS040 
33 I/O lines 
OM1081 
8-bittimer 
16-bil up/down 
counter 
16-bit timer with 
compare and 
capture 
84C853B 
0 
256 
16 
Piggyback for C853 


84C270 
2k 
128 
10 
DIL40NS040 
81/0 lines 
OM10n 
84C470 
4k 
128 
10 
DIL40NS040 
16'8 capture 
keyboard matrix 
8-bittimer 


84C270B 
0 
128 
10 
Piggyback for C270 


84C470B 
0 
128 
10 
470 also 
Piggyback for C470 
handles mech. 
keys 


84C271 
2k 
128 
10 
DIL40 
81/0 lines 
OM1078 
16'8 mech. 
keyboard matrix 
8-bittimer 


TYPE 
ROM 
RAM 
SPEED 
PACKAGE 
FUNCTIONS 
REMARKS 
EMULATOR 
REMARKS 
(MHz) 
TOOLS 


8411 
1k 
64 
6 
DIL28/S028 
20 I/O lines 
OM1025 
8421 
2k 
64 
6 
DIL28/S028 
8-bittimer 
(LCDS) + 


8441 
4k 
128 
6 
DIL28/S028 
Byte 12C 
OM1026 


8461 
6k 
128 
6 
DIL28/S028 


8422 
2k 
64 
6 
DIL20 
131/0 lines 


8442 
4k 
128 
6 
DIL20 
8-bittimer 
Bit 12C 


8401B 
0 
128 
6 
28-pin 
Piggyback for 84X1 


TYPE 
ROM 
RAM 
SPEED 
PACKAGE 
FUNCTIONS 
REMARKS 
PROBE 
REMARKS 
(MHz) 
SDS 


3315A 
1.5k 
160 
10 
DIL28/S028 
20 I/O lines 
OM1083 
OM1025(LCDS) 
8-bittimer 
VDD> 1.8V 


3343 
3k 
224 
10 
DIL28/S028 
20 I/O lines 
OM1083 
OM1025(LCDS) 
8-bittimer 
VDD> 1.8V 
Byte 12C 


3344A 
2k 
224 
3.58 
DIL28/S028 
20 I/O lines 
OM1071 
OM1025(LCDS) 
8-bittimer 
+OM1028 


DTMF generator 


3346A 
4k 
128 
10 
DIL28/S028 
20 I/O lines 
OM1076 


8-bittimer 
Byte 12C 
256 bytes EEPROM 
VDD < 1.8V 


3347 
1.5k 
64 
3.58 
DIL20/S020 
121/0 lines 
I 
OM1071 + 
OM1025(LCDS) 
8-bittimer 
Adapter_2 
+OM1028 


DTMF generator 


3348A 
8k 
256 
10 
DIL28/S028 
20 I/O lines 
OM1083 
OM1025(LCDS) 
8-bittimer 
Byte 12C 
VDD < 1.8V 
, 


3349A 
4k 
224 
3.58 
DIL28/S028 
20 I/O lines 
OM1071 
OM1025(LCDS) 
8-bittimer 
+OM1028 


DTMF generator 


3350A 
8k 
128 
3.58 
VS064 
30 I/O lines 
8-biltimer 
DTMF generator 
256 bytes EEPROM 


3351A 
2k 
64 
3.58 
DIL28/S028 
20 I/O lines 
OM5000 
8-bittimer 
DTMF generator 
128 bytes EEPROM 


3352A 
6k 
128 
3.58 
DIL28/S028 
20 I/O lines 
OM5000 


8-bittimer 
DTMF generator 
128 byte EEPROM 


3353A 
6k 
128 
16 
DIL28/S028 
20 I/O lines 
March '92 
OM5000 
8-bittimer 
DTMF generator 
Ringer out 
128 bytes EEPROM 


3354A 
8k 
256 
16 
QFP64 
361/0 lines 
June '92 
OM4829+ 
OM4829: Probe 
8-bittimer 
OM5003 
base 


DTMF generator 
Ringer out 
256 bytes EEPROM 


8755A 
0 
128 
16 
DIL28/S028 
8k OTP 
In Development 


20 I/O lines 
8-bittimer 
DTMF generator 
Melody output 
128 bytes EEPROM 


3301B 
Piggyback for 3315, 
OM1083 


3343,3348 


3344B 
Piggyback for 3344, 
OM1071 


3347,3349 


3346B 
Piggyback for 3346 
OM1076 


TYPE 
ROM 
RAM 
SPEED 
PACKAGE 
FUNCTIONS 
REMARKS 
PROBE 
REMARKS 
(MHz) 
SDS 


33506 
Piggyback for 3350A 
OM4829+ 
OM5003 


33516 
Piggyback for 
OM5000 
3351A.3352A. 
3353A 


33546 
Piggyback for 3354A 
OM4829+ 
OM5010 


TYPE 
(EP)ROM 
RAM 
SPEED 
FUNCTIONS 
REMARKS 
DEVELOPMENT 
TOOLS 
(MHz) 


XA-G1 
8k 
512 
30 
3 timers, watchdog, 
-40 to 
Nohau 
2 UARTs 
+125°C 
Ceibo 
MacCraigor Systems 


XA-G2 
16k 
512 
30 
3 timers, watchdog, 
-40 to 
Nohau 
2 UARTs 
+125°C 
Ceibo 
MacCraigor Systems 


XA-G3 
32k 
512 
30 
3 timers, watchdog, 
-40 to 
Nohau 
2 UARTs 
+125°C 
Ceibo 
MacCraigor Systems 


TYPE 
(EP)ROM 
RAM 
SPEED 
FUNCTIONS 
REMARKS 
PHILIPS TOOLS 
THIRD·PARTY 
(MHz) 
TOOLS 


68070 
- 
- 
17.5 
2 DMA channels, 
OM4160 Microcore 1 
TRACE32·ICE68070 
MMU, UART, 
OM416012 Microcore 2 
(Lauterbach) 


16-biltimer, 
12C, 
OM4161 (SBE68070) 
68000 bus interface, 
OM4767/2 XRAY68070SBE 
16Mb address range 
high level symbolic debugger 
OM4222 68070DS development 
system 
OM4226 XRAY68070DS 
high level symbolic debugger 


93C101 
34k 
512 
15 
Derivative with low 
Not lor new 
power modes 
design 


90CE201 
16MB 
16MB 
24 
UART, last 
12C, 
-25 to 
OM4162 Microcore 4 
TRACE32- 
external 
external 
3 timers (16 bit), 
+85°C 
(Lauterbach) 


ROM 
RAM 
Watchdog timer. 
68000 software 
compatible, EMC, 
QFP64 


MICROCONTROLLER 
PRODUCTS 


Example: 
P 8 X C lLX~ 
E B 


O=ROMLESS~ 
5 = Bond-Out (emulation) 
3=ROM 
7 = EPROMlOTP 
9 = FEE PROM (FLASH) 


Exceptions: 


P80C32 = ROM/ess 
P80C52= 
ROM 


P NlT 
"',,;'" "'" 
""'"'" 
- 
•• Coo. 
A = Plastic Leaded Chip Carrier (PLCC) 
B = Quad Flat Pack (QFP) 
FA = Hermetic Cerdip (window) 
KA = CerQuad (window) 
N = Plastic Dual In-Line 


Philips Package Code 
A = Plastic Leaded Chip Carrier (PLCC) 
B = Quad Flat Pack (QFP) 
F = Hermetic Cerdip (window) 
L = Cerquad (window) 
P = Plastic Dual In-Line 
Q = Ceramic Quad Flat Pack (window) 


l- 
Temperature 
B = O°C to +70°C 
F = -40°C to +B5°C 
H = -40°C to +125°C 


Speed --------------' 
C= 12MHz 
E = 3.5MHz to 16MHz 
F = 1.2MHz to 16MHz 
G=20MHz 
H = 32kHz to 12MHz 
I = 24MHz 
P=40MHz 


0= ROMLESS 
3= ROM 
7 = EPROM/OTP 
Package Code 
A 
= Plastic Leaded Chip Carrier (PLCC) 


B 
= Quad Flat Pack (QFP) 
F 
= Ceramic Dual In-Line 
FA = Hermetic Cerdip (window) 
KA= 
CerQuad (window) 
L 
= Chip Carrier, Leaded 
N 
= Plastic Dual In-Line 


'------ 
Speed 
B = 0.5 to 12MHz 
C= 12MHz 
G = 16MHz 
L= 20MHz 
P = 24MHz 
Y=33MHz 


Exceptions: 


SCBOC31 = ROMless 
SC80C51 = ROM 


'-- 
Temperature 
C = Commercial O°C to +70°C 
A = Industrial ·40°C to +B5°C 


Revision (optional) 


,.~:::::' 
JC XXX 


3;ROM 
7 ; EPROM/OTP 


-1 N 241L 
PinCount 


Package Code 
A 
; 
Plastic Leaded Chip Carrier (PLCC) 


B 
; 
Quad Flat Pack (QFP) 


F 
; 
Ceramic Dual In-Line 
K 
; 
CerQuad 
N 
; 
Plastic Dual In-Line 


'----- 
Speed I Temperature Range 
-1 ; 12MHz. O°C to +70°C 
-2 ; 12MHz. -40°C to +85°C 
-3; 
0.5 to 12MHz, O°C to +70°C 
-4; 
16MHz. O°C to +70°C 


-5 ; 16MHz, -40°C to +85°C 
-6 ; 12 or 16MHz. -55°C to +125°C 
-7; 
20M Hz, O°Cto +70°C 


-8 ; 20M Hz, -40°C to +85°C 
-A; 
24M Hz, O°Cto +70°C 


-B ; 24MHz, -40°C to +85°C 


Example: 
P51XA G3 7 


Philips 80C51 eXtended ArchitectureT 
T 


Derivative Name 


KBAL Package Code 
A ; Plastic Leaded Chip Carrier (PLCC) 
B ; Quad Flat Pack (QFP) 
BD ; Thin Quad Flat Pack (TQFP) 
FA; 
Hermetic Cerdip (window) 


KA; 
CerQuad (window) 
N; 
Plastic Dual In-Line 


L-- 
Temperature 


B; 
O°C to +70°C 
F ; -40°C to +85°C 
H; 
-40°C to +125°C 


'----Speed 
E; 
16MHz 
G;20MHz 
I ; 24M Hz 
K; 
30MHz 


'----- 
Memory Opation 
0; 
ROMless 
3; 
ROM 
5; 
Bond-Out (emulation) 


7 ; EPROM/OTP 
9 ; FEEPROM (FLASH) 


Philips Semiconductors 


FAX 
on 


DEMAND 


What is it? 
The FAX-on-DEMAND 
system 
is a computer 
facsimile 
system that allows customers 
to receive selected 


documents 
by fax automatically. 


How does it work? 
To order a document, 
you simply enter the document 
number. This number can be obtained 
by asking for an 


index of available 
documents 
to be faxed to you the 


first time you call the system. 


Our system 
has a selection 
of the latest product 
data 


sheets from Philips with varying 
page counts. 
As you 


know, it takes approximately 
one minute to FAX one 


page. This isn't bad if the number of pages is less than 
10. But if the document 
is 37 pages long, be ready for 


a long transmission! 


Philips Semiconductors 
also maintains 
product 


information 
on the World-Wide 
Web. Our home page 


can be located at: 
http://www.semiconductors.philips.com 


Who do I contact if I have a question 
about FAX-on-DEMAND? 
Contact 
your local Philips sales office. 


~~--------.•• 


FAX-on-DEMAND 
phone numbers: 


England 
44-181-730-5020 


(United 
Kingdom, 
Ireland) 


33-1-40-99-60-60 


49-40-23536-357 
Germany 
(Austria, 
SWitzerland) 


Italy 


North America 


39-167-295502 


1-800-282-200 


Locations soon to be in operation: 
Hong Kong 
Japan 
The Netherlands 


Microcontroller 
internet and 


bulletin board access 


Philips Semiconductors 
World Wide Web: 


http://www.semiconductors.philips.com 


Internet 80C51 Applications 
Support Address: 


80C51_help 
@scs. philips. com 


Microcontroller 
FTP Site: 


ftp://ftp.PhilipsMCU.com 


Internet 80C51 Discussion 
Forum: 


Forum-Request@PhilipsMCU.com 


Internet XA 16-bit 80C51 Support Address: 


XA_help@scs.philips.com 


Microcontroller internet and 
bulletin board access 


BULLETIN 
BOARDS 


To better serve our customers, 
Philips maintains 
two microcontroller 
bulletin 
boards. These computer 
bulletin 
board 


systems 
feature 
microcontroller 
newsletters, 
application 
and demonstration 
programs 
for download, 
and the ability 
to send messages 
to microcontroller 
application 
engineers. 


The telephone 
numbers 
are: 


North American 
Bulletin Board 
MAX 14.400 baud 8-N-1 
(800) 451-6644 
(in the U.S.) 
or 
(408) 991-2406 


European 
Bulletin Board 
MAX 14.400 baud 
Standards 
V32IV 42IV 42.bis/HST 
+31 402721102 


We also have a ROM code bulletin 
board through 
which you can submit ROM codes. This is a closed 
bulletin 
board for security 
reasons. 
To get an ID, contact your local sales office. The system 
can be accessed 
with a 2400, 
1200, or 300 baud modem, 
and is available 
24 hours a day. 


The telephone 
number 
is: 


COMPANY 
ADDRESS 
TELEPHONE 


Ashling Microsystems Limited 
Plassey Technological Park 
(353) 61 334 466 


Limerick, Ireland 


Eastern Systems Inc. 
(508) 366-3220 


160 East Main Street 
Westboro, MA 01581 


BSOTasking 
Norfolk Place 
(800) 458-8276 


333 Elm Street 
Dedham, MA 02026-4530 


Ceibo 
7 Edgestone Cl. 
(314) 830-4084 


Florissant, MO 63033 


Merkazim Building, Industrial Zone 
972-59-555387 


P.O. Box2106 
Herzelia 46120, ISRAEL 


Lauterbach Datentechnik GmbH 
Fichtenstrasse 27 
49 8104894328 


85649 Hofolding 
Germany 


945 Concord Street 
(508) 620-4521 


Framingham, MA 01701 


MetaLink Corp. 
325 E. Elliot Road, Suite 23 
(602) 926-0797 


Chandler, AZ 85225 


Nohau Corp. 
51 E. Campbell Ave. 
(408) 866-1820 


Campbell, CA 95008-2053 


Philips Semiconductors 
Corporate Centre 
31-40-724223 


Building BAE-2 
P.O. Box218 
5600 MD Eindhoven 
The Netherlands 


SIGNUM Systems 
171 E. Thousand Oaks Blvd., 
(805) 371-4608 


#202 
Thousand Oaks, CA 91360 


Advin Systems 
Logical Devices, Inc. 
North Valley Products 
1050-L East Duane Ave. 
1201 Northwest 65th Place 
P.O. Box 32899 
Sunnyvale, CA 94086 
Fl. Lauderdale, FL 33309 
San Jose, CA 95152 
(408) 243-7000 
(305) 974-0967 
(408) 929-5345 
(800) 627-2456 


BP Microsystems 
Logical Systems 
Strebor Data Communications 
10681 Haddington #190 
P.O. Box 6184 
1008 N. Nob Hill 


Houston, TX 77043 
Syracuse, NY 13217-6184 
American Fork, UT 84003 
(800) 225-2102, (713) 461-9430 
(315) 478-0722 
(801) 756-3605 


Data I/O Corp. 
Needham's Electronics 


10525 Willows Road N.E. 
4535 Orange Grove Ave. 


P.O. Box 97046 
Sacramento, CA 95841 


Redmond, WA 98073-9746 
(916) 924-8037 
(206) 881-6444 


COMPANY 
ADDRESS 
TELEPHONE 


Archimedes Software, Inc. 
2159 Union 51. 
(415) 567-4010 
San Francisco, CA 94123 


BSOfTasking 
Tasking Software BV 
31-33-55-85-84 
(Telephone) 


P.O. Box 899 
31-33-55-00-33 
(Fax) 


3800 AW Amersfoort 
The Netherlands 


BSOTasking 
(617) 894-7800 (Telephone) 


128 Technology Center 
(617) 894-0551 (Fax) 


P.O. Box 9164 
(710) 324-0760 (Telex) 


Waltham, MA 02254-9164 
(800) 458-8276 (Toll Free) 


Franklin Software, Inc. 
888 Saratoga Ave. #2 
(408) 296-8051 


San Jose, CA 95129 


Keil Software 
Bretonischer Ring 15 
49-89-46-50-57 
(Telephone) 


85630 Grasbrunn 
49-89-46-81-62 
(Fax) 


Germany 


a-bit microcontroller 
demonstration 
and 


evaluation 
boards 


PRODUCT 
DESCRIPTION 


OM4151 , 887COOK 
12C demonstration 
board based on 80C51 derivatives 


OM4238, 
P8051 DB 
8051 family demonstration 
board 


OM4128 
8XC552 
evaluation 
board PEB552 


OM4130, 
PCAN-EVAL 
CAN controller 
evaluation 
board 


OM4239 
8XC592 
evaluation 
board PEB592 


OM4240 
8XCE598 
evaluation 
board PEB598 


OM4241 
8XCE598 
evaluation 
board PDB598 


OM4160, 
8M68070 
68070 and 66470 demonstration 
and evaluation 
board Microcore 
1 


OM4160/2 
68070 evaluation 
board Microcore 
2 


OM4162 
9XCE201 
evaluation 
board Microcore 
4 


OM4280, 
P83C852DEM 
83C852 
demonstration 
kit 


OM42811 
83C852 
software 
evaluation 
kit 


P8051DB 
80C51 family development 
board 


OM4717 
83CL410 
solar powered 
demonstration 
board 


OM5005, 
P80CLEVAL 
80CL51 
evaluation 
board 


D8750 
8XC750 
microcontroller 
in-circuit 
emulation 
development 
tool 


NOTE: 
1. The OM4281 
is now available 
only from Ashling 
Microsystems 
Ltd. as type 8CPC4281. 


80C51-Based 
8-Bit Microcontrollers 


Section 2 
80C51 Technical Description 
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2-43 
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MEMORY 
ORGANIZATION 


All 80C51 devices have separate address spaces for program and 
data memory, as shown in Figures 1 and 2. The logical separation of 
program and data memory allows the data memory to be accessed 
by 8-bit addresses, which can be quickly stored and manipulated by 
an 8-bit CPU. Nevertheless, 
16-bit data memory addresses can also 


be generated through the DPTR register. 


Program memory (ROM, EPROM) can only be read, not written to. 
There can be up to 64k bytes of program memory. In the 80C51 , the 
lowest 4k bytes of program are on-chip. In the ROMless versions, all 
program memory is external. The read strobe for external program 
memory is the J5SEIiI (program store enable). 


Data Memory (RAM) occupies a separate address space from 
Program Memory. In the 80C51 , the lowest 128 bytes of data 
memory are on-chip. Up to 64k bytes of external RAM can be 
addressed in the external Data Memory space. In the ROMless 
version, the lowest 128 bytes are on-chip. The CPU generates read 
and write signals, RU and WR, as needed during external Data 
Memory accesses. 


External Prograrn Memory and external Data Memory may be 
combined if desired by applying the RD and PSEN signals to the 
inputs of an AND gate and using the output of the gate as the read 
strobe to the external Program/Data memory. 


Program 
Memory 
Figure 3 shows a map of the lower part of the Program Memory. 
After reset, the CPU begins execution from location OOOOH.As 
shown in Figure 3, each interrupt is assigned a fixed iocation in 
Program Memory. The interrupt causes the CPU to jump to that 
location, where it commences execution of the service routine. 
External Interrupt 0, for example, is assigned to location 0003H. If 
External Interrupt 0 is going to be used, its service routine must 
begin at location 0003H. If the interrupt is not going to be used, its 
service location is available as general purpose Program Memory. 


The interrupt service locations are spaced at 8-byte intervals: 0003H 
for External Interrupt 0, OOOBHfor TImer 0, 0013H for External 
Interrupt 1,001 BH for TImer 1, etc. If an interrupt service routine is 
short enough (as is often the case in control applications), it can 
reside entirely within that 8-byte interval. longer 
service routines 
can use a jump instruction to skip over subsequent interrupt 
locations, if other interrupts are in use. 


The lowest 4k bytes of Program Memory can either be in the on-chip 
ROM or in an extemal ROM. This selection is made by strapping the 
EA (External Access) pin to either Vee, or Vss. In the 80C51 , if the 
EA pin is strapped to Vee, then the program fetches to addresses 
OOOOHthrough OFFFH are directed to the internal ROM. Program 
fetches to addresses 1OOOHthrough FFFFH are directed to external 
ROM. 


If the EA pin is strapped to Vss, then all program fetches are 
directed to external ROM. The ROMless parts (8031, 80C31 , etc.) 
must have this pin externally strapped to Vss to enable them to 
execute from external Program Memory. 


The read strobe to external ROM, J5SEIiI, is used for all external 
program fetches. PSEIII is not activated for internal program fetches. 


The hardware configuration for external program execution is shown 
in Figure 4. Note that 16 I/O lines (Ports 0 and 2) are dedicated to 
bus functions during external Program Memory fetches. Port 0 (PO 
in Figure 4) serves as a multiplexed address/data 
bus. It emits the 
low byte of the Program Counter (PCl) 
as an address, and then 
goes into a float state awaiting the arrival of the code byte from the 
Program Memory. During the time that the low byte of the Program 
Counter is valid on Port 0, the signal ALE (Address latch 
Enable) 
clocks this byte into an address latch. Meanwhile, Port 2 (P2 in 
Figure 4) emits the high byte of the Program Counter (PCH). Then 
J5SEIiI strobes the EPROM and the code byte is read into the 
microcontroller. 


Program Memory addresses are always 16 bits Wide, even though 
the actual amount of Program Memory used may be less than 64k 
bytes. External program execution sacrifices two of the 8-bit ports, 
POand P2, to the function of addressing the Program Memory. 


PO 
P2 
'---v---J 


Address/Data 


Program 
Memory 


(Read 
Only) 
, 
. 


FFFFH; 


Data 
Memory 


(ReadlWrite) 
,................•. 
_--_ ..... 


FFFFH: 


0023H 
8OC51 


00lBH I 


8 Bytes 
Ell: 


0013H 


OOOBH 
ALE 


0003H 
P2 


I'SEN 


OOOOH 


Data Memory 
The right half of Figure 2 shows the internal and external Data 
Memory spaces available to the 80C51 user. Figure 5 shows a 
hardware configuration for accessing up to 2k bytes of external 
RAM. The CPU in this case is executing from internal ROM. Port 0 
serves as a multiplexed address/data bus to the RAM, and 3 lines of 
Port 2 are being used to page the RAM. The CPU generates 110 
and WR signals as needed during external RAM accesses. There 
can be up to 64k bytes of external Data Memory. External Data 


SU00461 


Figure 4. 
Executing from External Program Memory 


Memory addresses can be either 1 or 2 bytes wide. One-byte 
addresses are often used in conjunction with one or more other 1/0 
lines to page the RAM, as shown in Figure 5. 


Two-byte addresses can also be used, in which case the high 
address byte is emitted at Port 2. 


Internal Data Memory is mapped in Figure 6. The memory space is 
shown divided into three blocks, which are generally referred to as 
the Lower 128, the Upper 128, and SFR space. 


Internal Data Memory addresses are always one byte wide, which 
implies an address space of only 256 bytes. However, the 
addressing modes for internal RAM can in fact accommodate 384 
bytes, using a simple trick. Direct addresses higher than 7FH 
access one memory space, and indirect addresses higher than 7FH 
access a different memory space. Thus Figure 6 shows the Upper 
128 and SFR space occupying the same block of addresses, 80H 
through FFH, although they are physically separate entities. 


The Lower 128 bytes of RAM are present in all 80C51 devices as 
mapped in Figure 7. The lowest 32 bytes are grouped into 4 banks 
of 8 registers. Program instructions call out these registers as RO 
through R7. Two bits in the Program Status Word (PSW) select 
which register bank is in use. This allows more efficient use of code 
space, since register instructions are shorter than instructions that 
use direct addressing. 


Figure 5. 
Accessing 
External 
Data Memory 


If the Program 
Memory Is Internal, 


the Other Bits of P2 Are Available 
as VO 


Bank 
Select 
Bits in 
psw 


7FH 


2FH } 


Bit·Add 
(BIIM 


20H 


1FH 


18H 


17H 


10H 
4 Bank 
8 Regis 
OFH 
R~R7 


08H 


07H 


0 


The next 16 bytes above the register banks fonm a block of 
bit-addressable 
memory space. The 80C51 instruction set includes 
a wide selection of single-bit instructions, and the 128 bits in this 
area can be directly addressed by these instructions. The bit 
addresses in this area are OOHthrough 7FH. 


All of the bytes in the Lower 128 can be accessed by either direct or 
indirect addressing. The Upper 128 (Figure 8) can only be accessed 
by indirect addressing. 


Figure 9 gives a brief look at the Special Function Register (SFR) 
space. SFRs include the Port latches, timers, peripheral controls, 
etc. These registers can only be accessed by direct addressing. 
Sixteen addresses in SFR space are both byte- and bit-addressable. 
The bit-addressable SFRs are those whose address ends in OHor 8H. 


Accessible 
by Indirect 
Addressing 
Only 


Accessible 
by 
Direct 


Addressing 


Accessible 
by 
Direct 
and Indirect 
Addressing 


{ 


Pons. 


Status 
and 
Control 
Bits, 
Timer, 
Registers. 
Stack Pointer, 
Accumulator 
(Etc.) 


Special 
Function 
Registers 


SUOO464 
SUOO465 


Figure 7. 
Lower 128 Bytes of Internal 
RAM 
Figure 8. 
Upper 128 Bytes of Internal 
RAM 


ACC 


Port 3 


Port 2 


Port1 


PortO 


Addresses that end in OH or BH 
are also 
bit·addressable. 


Port 
Pins 


Accumulator 
PSW 
(Etc.) 


psw7~ 
__ 1 


Carry 
flag 
receives 
carry 
out 


from bit 7 of AlU operands 


PSW6 


Auxiliary carry flag receives carry out from bit 3 


of addition 
operands. 


PSWO 
Parity of accumulator set 
by hardware to 1 if it contains 
an odd 
number 
of 1s; otherwise 
it is reset to O. 


PSW2 


Overflow 
flag 
set by 
arithmetic 
operations 


80C51 FAMILY INSTRUCTION 
SET 
The 80C51 instruction set is optimized for 8-bit control applications. 
It provides a variety of fast addressing modes for accessing the 
internal RAM to facilitate byte operations on small data structures. 
The instruction set provides extensive support for one-bit variables 
as a separate data type, allowing direct bit manipulation in control 
and logic systems that require Boolean processing. 


Program 
Status Word 


The Program Status Word (PSW) contains several status bits that 
reflect the current state of the CPU. The PSW, shown in Figure 10, 
resides in the SFR space. It contains the Carry bit, the Auxiliary 
Carry (for BCD operations), the two register bank select bits, the 
Overflow flag, a Parity bit, and two user-definable status flags. 


The Carry bit, other than serving the function of a Carry bit in 
arithmetic 
operations, 
also serves 
as the "Accumulator" 
for a 


number of Boolean operations. 


The bits RSO and RS1 are used to select one of the four register 
banks shown in Figure 7. A number of instructions refer to these 


RAM locations as ROthrough R7. The selection of which of the four 
is being referred to is made on the basis of the RSO and RSl at 
execution time. 


The Parity bit reflects the number of 1s in the Accumulator: 
P = 1 if 
the Accumulator contains an odd number of 1s, and P = 0 if the 
Accumulator contains an even number of 1s. Thus the number of 1s 
in the Accumulator plus P is always even. Two bits in the PSW are 
uncommitted and may be used as general purpose status flags. 


Addressing 
Modes 
The addressing modes in the 80C51 instruction set are as follows: 


Direct Addressing 
In direct addressing the operand is specified by an 8-bit address 
field in the instruction. Only internal Data RAM and SFRs can be 
directly addressed. 


Indirect 
Addressing 
In indirect addressing the instruction specifies a register which 
contains the address of the operand. Both intemal and extemal 
RAM can be indirectly addressed. 


The address register for 8-bit addresses can be ROor R1 of the 
selected bank, or the Stack Pointer. The address register for 16-bit 
addresses can only be the 16-bit "data pointer" register, DPTR. 


Register Instructions 
The register banks, containing registers ROthrough R7, can be 
accessed by certain instructions which carry a 3-bit register 
specification within the opcode of the instruction. Instructions that 
access the registers this way are code efficient, since this mode 
eliminates an address byte. When the instruction is executed, one of 
the eight registers in the selected bank is accessed. One of four 
banks is selected at execution time by the two bank select bits in the 
PSW. 


Register-Specific 
Instructions 
Some instructions are specific to a certain register. For example, 
some instructions always operate on the Accumulator, or Data 
Pointer, etc., so no address byte is needed to point to it. The opcode 
itself does that. Instructions that refer to the Accumulator as A 
assemble as accumulator specific opcodes. 


Immediate 
Constants 
The value of a constant can follow the opcode in Program Memory. 
For example, 
MOV 
A, #100 
loads the Accumulator with the decimal number 100. The same 
number could be specified in hex digits as 64H. 


Indexed Addressing 
Only program Memory can be accessed with indexed addressing, 
and it can only be read. This addressing mode is intended for 
reading look-up tables in Program Memory A 16-bit base register 
(either DPTR or the Program Counter) points to the base of the 
table, and the Accumulator is set up with the table entry number. 


The address of the table entry in Program Memory is formed by 
adding the Accumulator data to the base pointer. 


Another type of indexed addressing is used in the "case jump" 
instruction. In this case the destination address of a jump instruction 
is computed as the sum of the base pointer and the Accumulator 
data. 


Arithmetic Instructions 
The menu of arithmetic instructions is listed in Table 1. The table 
indicates the addressing modes that can be used with each 
instruction to access the <byte> operand. For example, the ADD 
A,<byte> instruction can be written as: 


ADD 
a, 7FH (direct addressing) 


ADD 
A, @RO (indirect addressing) 


ADD 
a, R7 (register addressing) 


ADD 
A, #127 (immediate constant) 


The execution times listed in Table 1 assume a 12MHz clock 
frequency. All of the arithmetic instructions execute in 11's except 
the INC DPTR instruction, which takes 21'5, and the Multiply and 
Divide instructions, which take 41'S. 


Note that any byte in the internal Data Memory space can be 
incremented without going through the Accumulator. 


One of the INC instructions operates on the 16·bit Data Pointer. The 
Data Pointer is used to generate 16-bit addresses for extemal 
memory, so being able to increment it in one 16-bit operation is a 
useful feature. 


The MUL AB instruction multiplies the Accumulator by the data in 
the B register and puts the 16-bit product into the concatenated 
B 
and Accumulator registers. 


The DIV AB instruction divides the Accumulator by the data in the B 
register and leaves the 8-bit quotient in the Accumulator, and the 
8-bit remainder in the B register. 


Oddly enough, DIV AB finds less use in arithmetic "divide" routines 
than in radix conversions and programmable shift operations. An 
example of the use of DIV AB in a radix conversion will be given 
later. In shift operations, dividing a number by 2n shifts its n bits to 
the right. Using DIV AB to perform the division completes the shift in 
41'Sand leaves the B register holding the bits that were shifted out. 
The DA A instruction is for BCD arithmetic operations. In BCD 
arithmetic, ADD and AD DC instructions should always be followed 
by a DA A operation, to ensure that the result is also in BCD. Note 
that DA A will not convert a binary number to BCD. The DA A 
operation produces a meaningfUl result only as the second step in 
the addition of two BCD bytes. 


MNEMONIC 
OPERATION 
ADDRESSING 
MODES 
EXECUTION 


DIR 
IND 
REG 
I 
IMM 
TIME (I's) 


ADD A,<byte> 
A = A + <byte> 
X 
X 
X 
X 
1 


ADDC A,<byte> 
A = A + <byte> + C 
X 
X 
X 
X 
1 


SUBB A,<byte> 
A = A- 
<byte> - C 
X 
X 
X 
X 
1 


INCA 
A=A+1 
Accumulator only 
1 


INC <byte> 
<byte> = <byte> + 1 
X 
I 
X 
X 
I 
1 


INC DPTR 
DPTR = DPTR + 1 
Data Pointer only 
2 


DECA 
A=A-1 
Accumulator only 
1 


DEC <byte> 
<byte> = <byte> - 1 
X 
I 
X 
X 
I 
1 


MULAB 
B:A= BxA 
ACC and B only 
4 


DIVAB 
A= Int(AlB] 
ACC and B only 
4 
B= Mod[AIB] 


DAA 
Decimal Adjust 
Accumulator only 
1 


Logical 
Instructions 
Table 2 shows the list of 80C51 logical instructions. The instructions 
that perform Boolean operations (AND, OR, Exclusive OR, NOT) on 
bytes perform the operation on a bit-by-blt basis. That is, if the 
Accumulator contains 00110101 B and byte contains 01010011 B, 
then: 
ANL 
A, <byte> 


will leave the Accumulator holding 00010001 B. 


The addressing modes that can be used to access the <byte> 
operand are listed in Table 2. 


The ANL A, <byte> instruction may take any of the forms: 
ANL 
A,7FH (direct addressing) 


ANL 
A,@R1 (indirect addressing) 


ANL 
A,R6 (register addressing) 


ANL 
A,#53H (immediate constant) 


All of the logical instructions that are Accumulator-specific 
execute 


in 11ls (using a 12MHz clock). The others take 21ls. 


Note that Boolean operations can be performed on any byte in the 
internal Data Memory space without going through the Accumulator. 
The XRL <byte>, #data instruction, for example, offers a quick and 
easy way to Invert port bits, as in XRL P1, #OFFH. 


If the operation is in response to an interrupt, not using the 
Accumulator saves the time and effort to push it onto the stack in the 
service routine. 


The Rotate instructions (RL, A, RLC A, etc.) shift the Accumulator 1 
bit to the left or right. For a left rotation, the MSB rolls into the LSB 
position. For a right rotation, the LSB rolls into the MSB position. 


The SWAP A instruction interchanges the high and low nibbles 
within the Accumulator. This is a useful operation in BCD 
manipulations. For example, if the Accumulator contains a binary 
number which is known to be less than 100, it can be quickly 
converted to BCD by the following code: 


MOVE 
DIV 
SWAP 
ADD 


B,#10 
AB 
A 
A,B 


Dividing the number by 10 leaves the tens digit in the low nibble of 
the Accumulator, and the ones digit in the B register. The SWAP and 
ADD instructions move the tens digit to the high nibble of the 
Accumulator, and the ones digit to the low nibble. 


Internal RAM 
Table 3 shows the menu of instructions that are available for moving 
data around within the internal memory spaces, and the addressing 
modes that can be used with each one. With a 12MHz clock, all of 
these instructions execute in either 1 or 21ls. 


The MOV <dest>, <src> instruction allows data to be transferred 
between any two internal RAM or SFR locations without going 
through the Accumulator. Remember, the Upper 128 bytes of data 
RAM can be accessed only by indirect addressing, and SFR space 
only by direct addressing. 


Note that in 80C51 devices, the stack resides in on-Chip RAM, and 
grows upwards. The PUSH instruction first increments the Stack 
Pointer (SP), then copies the byte into the stack. PUSH and POP 
use only direct addressing to identify the byte being saved or 
restored, but the stack itself is accessed by indirect addressing 
using the SP register. This means the stack can go into the Upper 
128 bytes of RAM, if they are implemented, but not into SFR space. 


The Upper 128 bytes of RAM are not implemented in the 80C51 nor 
in its ROMless or EPROM counterparts. With these devices, if the 
SP points to the Upper 128, PUSHed bytes are lost, and POPed 
bytes are indeterminate. 


The Data Transfer instructions include a 16-bit MOV that can be 
used to initialize the Data Pointer (DPTR) for look-up tables in 
Program Memory, or for 16-bit external Data Memory accesses. 


MNEMONIC 
OPERATION 
ADDRESSING 
MODES 
EXECUTION 


DIR 
IND 
REG 
IMM 
TIME (Ils) 


ANL A,<byte> 
A = A.AND. <byte> 
X 
X 
X 
X 
1 


ANL <byte>,A 
<byte> = <byte> .AND.A 
X 
1 


ANL <byte>,#data 
<byte> = <byte> .AND.#data 
X 
2 


ORL A,<byte> 
A = A.OR.<byte> 
X 
X 
X 
X 
1 


ORL <byte>,A 
<byte> = <byte> .OR.A 
X 
1 


ORL <byte>,#data 
<byte> = <byte> .OR.#data 
X 
2 


XRL A,<byte> 
A = A.xOR. <byte> 
X 
X 
X 
X 
1 


XRL <byte>,A 
<byte> = <byte> .XOR.A 
X 
1 


XRL <byte>,#data 
<byte> = <byte> .xOR.#data 
X 
2 


CRLA 
A= OOH 
Accumulator only 
1 


CPLA 
A= .NOT.A 
Accumulator only 
1 


RLA 
Rotate ACC Left 1 bit 
Accumulator only 
1 


RLCA 
Rotate Left through Carry 
Accumulator only 
1 


RRA 
Rotate ACC Right 1 bit 
Accumulator only 
1 


RRCA 
Rotate Right through Carry 
Accumulator only 
1 


SWAP A 
Swap Nibbles in A 
Accumulator only 
1 


MNEMONIC 
OPERATION 
ADDRESSING 
MODES 
EXECUTION 


DIR 
IND 
REG 
IMM 
TIME(jls) 


MOV A,<src> 
A= <src> 
X 
X 
X 
X 
1 


MOV <dest>,A 
<dest> = A 
X 
X 
X 
1 


MOV <dest>,<src> 
<dest> = <src> 
X 
X 
X 
X 
2 


MOV DPTR,#data16 
DPTR = 16-bit immediate constant 
X 
2 


PUSH <src> 
INC SP:MOV"@SP",<src> 
X 
2 


POP <dest> 
MOV <dest>,"@SP":DEC 
SP 
X 
2 


XCH A,<byte> 
ACC and <byte> exchange data 
X 
X 
X 
1 


XCHD A,@Ri 
ACC and @Riexchangelownibbles 
X 
1 


The XCH A, <byte> instruction causes the Accumulator and 
addressed byte to exchange data. The XCHD A, @Ri instruction is 
similar, but only the low nibbles are involved in the exchange. 


To see how XCH and XCHD can be used to facilitate data 
manipulations, consider first the problem of shifting an 8-digit BCD 
number two digits to the right. Figure 11 shows how this can be 
done using direct MOVs, and for comparison how it can be done 
using XCH instructions. To aid in understanding how the code 
works, the contents of the registers that are holding the BCD 
number and the content of the Accumulator are shown alongside 
each instruction to indicate their status after the instruction has been 
executed. 


After the routine has been executed, the Accumulator contains the 
two digits that were shifted out on the right. Doing the routine with 
direct MOVs uses 14 code bytes and 9lJ.Sof execution time 
(assuming a 12MHz clock). The same operation with XCHs uses 
only 9 bytes and executes almost twice as fast. 


To right-shift by an odd number of digits, a one-digit shift must be 
executed. 


Figure 12 shows a sample of code that will right-shift a BCD number 
one digit, using the XCHD instruction. Again, the contents of the 
registers holding the number and of the Accumulator are shown 
alongside each instruction. 


First, pointers R1 and ROare set up to point to the two bytes 
containing the last four BCD digits. Then a loop is executed which 


2A 
2B 
2C 
20 
2E 
ACC 


MOV A.2EH 
00 
12 
34 
56 
78 
78 
MOV 2EH,20H 
00 
12 
34 
56 
56 
78 


MOV 
20H,2CH 
00 
12 
34 
34 
56 
78 
MOV 2CH.2BH 
00 
12 
12 
34 
56 
78 
MOV 
2BH,4JQ 
00 
00 
12 
34 
56 
78 


A. Using 
direct 
MOVa: 
14 byte •• gila 


2A 
2B 
2E 
ACC 


CLR 
A 
00 
12 
78 
00 
XCH 
A,2BH 
00 
00 
78 
12 
XCH 
A.2CH 
00 
00 
78 
34 


XCH 
A.20H 
00 
00 
78 
56 
XCH 
AZEH 
00 
00 
56 
78 


leaves the last byte, location 2EH, holding the last two digits of the 
shifted number. The pointers are decremented, 
and the loop is 


repeated for location 2DH. The CJNE instruction (Compare and 
Jump if Not Equal) is a loop control that will be described later. The 
loop executed from LOOP to CJNE for R1 = 2EH, 2DH, 2CH, and 
2BH. At that point the digit that was originally shifted out on the right 
has propagated to location 2AH. Since that location should be left 
with Os,the lost digit is moved to the Accumulator. 


External 
RAM 
Table 4 shows a list of the Data Transfer instructions that access 
external Data Memory. Only indirect addressing can be used. The 
choice is whether to use a one-byte address, @Ri, where Ri can be 
either ROor R1 of the selected register bank, or a two-byte address, 
@DPTR. The disadvantage to using 16-bit addresses if only a few k 
bytes of external RAM are involved is that 16-bil addresses use all 8 
bits of Port 2 as address bus. On the other hand, 8-bit addresses 
allow one to address a few bytes of RAM, as shown in Figure 5, 
without having to sacrifice all of Port 2. All of these instructions 
execute in 2 J!s, with a 12MHz clock. 


Note that in all external Data RAM accesses, the Accumulator is 
always either the destination or source of the data. 


The read and write strobes to external RAM are activated only 
during the execution of a MOVX instruction. Normally these signals 
are inactive, and in fact if they're not going to be used at all, their 
pins are available as extra I/O Jines. 


Ace 


MOV 
R1,'2EH 
xx 
MOV 
RO•• 2DH 
xx 


loop for Rl = 2EH: 


LOOP, MOV 
A.OR' 
00 
12 
34 
56 
78 
78 
XCHO A.ORO 
00 
12 
34 
58 
78 
76 
SWAP A 
00 
12 
34 
58 
78 
67 
MOV 
OR1.A 
00 
12 
34 
58 
67 
67 
OEC 
R1 
00 
12 
34 
58 
67 
67 
DEC 
RO 
00 
12 
34 
58 
67 
67 
CJNE R1.'2AH.LOOP 


loop for R 1 = 2DH: 
00 
12 
38 
45 
67 
45 


loop for Rl 
= 2CH: 
00 
18 
23 
45 
67 
23 


loop for Rl = 2BH: 
08 
01 
23 
45 
67 
01 


CLR 
A 
08 
01 
23 
45 
67 
00 
XCH 
A.2AH 
00 
01 
23 
45 
67 
08 


SU00469 


Figure 12. 
Shifting 
a BCD Number 
One Digit to the Right 


ADDRESS 
MNEMONIC 
OPERATION 
EXECUTION 
WIDTH 
TIME(~) 


8 bits 
MOVXA,@Ri 
Read extemal RAM @Ri 
2 


8 bits 
MOVX @Ri,A 
Write external RAM @ Ri 
2 


16 bits 
MOVX A,@DPTR 
Read external RAM @ DPTR 
2 


16 bits 
MOVX @DPTR,A 
Write external RAM @ DPTR 
2 


MNEMONIC 
OPERATION 
EXECUTION TIME (1'5) 


MOVC A,@A+DPTR 
Read program memory at (A + DPTR) 
2 


MOVC A,@A+PC 
Read program memory at (A + PC) 
2 


LoOkup Tables 
Table 5 shows the two instructions that are available for reading 
lookup tables in Program Memory. Since these instructions access 
only Program Memory, the lookup tables can only be read, not 
updated. 


If the table access is to extemal Program Memory, then the read 
strobe is flSEIiI. 


The mnemonic is MOVC for "move constant." The first MOVC 
instruction in Table 5 can accommodate a table of up to 256 entries 
numbered 0 through 255. The number of the desired entry is loaded 
into the Accumulator, and the Data Pointer is set up to point to the 
beginning of the table. Then: 
MOVC 
A,@A+DPTR 


copies the desired table entry into the Accumulator. 


The other MOVC instruction works the same way, except the 
Program Counter (PC) is used as the table base, and the table is 
accessed through a subroutine. First the number of the desired 
entry is loaded into the Accumulator, and the subroutine is called: 
MOV 
A,ENTRY NUMBER 


CALL 
TABLE 


The subroutine ''TABLE" would look like this: 
TABLE: 
MOVC 
A,@A+PC 
RET 


The table itself immediately follows the RET (retum) instruction in 
Program Memory. This type of table can have up to 255 entries, 
numbered 1 through 255. Number 0 cannot be used, because at the 
time the MOVC instruction is executed, the PC contains the address 
of the RET instruction. An entry numbered 0 would be the RET 
opcode itself. 


Boolean 
Instructions 
80C51 devices contain a complete Boolean (single-bit) processor. 
The internal RAM contains 128 addressable bits, and the SFR 
space can support up to 128 addressable bits as well. All of the port 
lines are bit-addressable, 
and each one can be treated as a 
separate single-bit port. The instructions that access these bits are 
not just conditional branches, but a complete menu of move, set, 
clear, complement, OR, and AND instructions. These kinds of bit 
operations are not easily obtained in other architectures with any 
amount of byte-oriented software. 


The instruction set for the Boolean processor is shown in Table 6. All 
bit accesses are by direct addressing. 


Bit addresses OOHthrough 7FH are in the Lower 128, and bit 
addresses 80H through FFH are in SFR space. 


Note how easily an internal flag can be moved to a port pin: 


MOV 
C,FLAG 
MOV 
P1.0,C 


In this example, FLAG is the name of any addressable bit in the 
Lower 128 or SFR space. An 1/0 line (the LSB of Port 1, in this 
case) is set or cleared depending on whether the flag bit is 1 or O. 


The Carry bit in the PSW is used as the single-bit Accumulator of 
the Boolean processor. Bit instructions that refer to the Carry bit as 
C assemble as Carry-specific instructions (CLR C, etc.). The Carry 
bit also has a direct address, since it resides in the PSW register, 
which is bit-addressable. 


Note that the Boolean instruction set includes ANL and ORL 
operations, but not the XRL (Exclusive OR) operation. An XRL 
operation is simple to implement in software. Suppose, for example, 
it is required to form the Exclusive OR of two bits: 


C = bit1 .XRL. bit2 


The software to do that could be as follows: 
MOV 
C,bit1 
JNB 
bit2,OVER 
CPL 
C 
OVER: 
(continue) 


First, bit1 is moved to the Carry. If bit2 = 0, then C now contains the 
correct result. That is, bit1 .XRL. bit2 = bit1 if bit2 = O.On the other 
hand, if bit2 = 1, C now contains the complement of the correct 
result. It need only be inverted (CPL C) to complete the operation. 


This code uses the JNB instruction, one of a series of bit-test 
instructions which execute a jump if the addressed bit is set (JC, JB, 
JBC) or if the addressed bit is not set (JNC, JNB). In the above 
case, bit2 is being tested, and if bit2 = 0, the CPL C instruction is 
jumped over. 


JBC executes the jump if the addressed bit is set, and also clears 
the bit. Thus a flag can be tested and cleared in one operation. All 
the PSW bits are directly addressable, so the Parity bit, or the 
general purpose flags, for example, are also available to the bit-test 
instructions. 


Relative Offset 
The destination address for these jumps is specified to the 
assembler by a label or by an actual address in Program memory. 
However, the destination address assembles to a relative offset 
byte. This is a signed (two's complement) offset byte which is added 
to the PC in two's complement arithmetic if the jump is executed. 
The range of the jump is therefore -128 to +127 Program Memory 
bytes relative to the first byte following the instruction. 


MNEMONIC 
OPERATION 
EXECUTION TIME (I1S) 


ANL 
C,bit 
C = C.AND.bit 
2 


ANL 
C,/bit 
C = C.AND ..NOT.bit 
2 


ORL 
C,bit 
C = C.OR.bit 
2 


ORL 
C,/bit 
C = C.OR..NOT.bit 
2 


MOV 
C,bit 
C=bit 
1 


MOV 
bit,C 
bit=C 
2 


CLR 
C 
C=O 
1 


CLR 
bit 
bit= 0 


- 
1 


SETS 
C 
C=1 
. 
1 


SETB 
bit 
bit= 1 
1 


CPL 
C 
C=.NOT.C 
1 


CPL 
bit 
bit = .NOT.bit 
1 


JC 
rei 
Jump ifC= 
1 
2 


JNC 
rei 
Jump if C = 0 
2 


JB 
bit,rel 
Jump if bit = 1 
2 


JNB 
bit,rel 
Jump if bit = 0 
2 


JBC 
bit,rel 
Jump if bit = 1; CLR bit 
2 


MNEMONIC 
OPERATION 
EXECUTION TIME (llS) 


JMP 
addr 
Jump to addr 
2 


JMP 
@A+DPTR 
Jump to A + DPTR 
2 


CALL 
addr 
Call subroutine at addr 
2 


RET 
Retum from subroutine 
2 


RETI 
Retum from interrupt 
2 


NOP 
No operation 
1 


Jump Instructions 
Table 7 shows the list of unconditional jumps with execution time for 
a 12MHz clock. 


The table lists a single "JMP addr" instruction, but in fact there are 
three SJMP, LJMP, and AJMP, which differ in the format of the 
destination address. JMP is a generic mnemonic which can be used 
if the programmer does not care which way the jump is encoded. 


The SJMP instruction encodes the destination address as a relative 
offset, as described above. The instruction is 2 bytes long, 
consisting of the opcode and the relative offset byte. The jump 
distance is limited to a range of -128 to +127 bytes relative to the 
instruction following the SJMP. 


The LJMP instruction encodes the destination address as a 16-bit 
constant. The instruction is 3 bytes long, consisting of the opcode 
and two address bytes. The destination address can be anywhere in 
the 64k Program Memory space. 


The AJMP instruction encodes the destination address as an 11-bit 
constant. The instruction is 2 bytes long, consisting of the opcode, 
which itself contains 3 of the 11 address bits, followed by another 
byte containing the low 8 bits of the destination address. When the 
instruction is executed, these 11 bits are simply substituted for the 
low 11 bits in the PC. The high 5 bits stay the same. Hence the 
destination has to be within the same 2k block as the instruction 
following the AJMP. 


In all cases the programmer specifies the destination address to the 
assembler in the same way: as a label or as a 16-bit constant. The 
assembler will put the destination address into the correct format for 
the given instruction. If the format required by the instruction will not 
support the distance to the specified destination address, a 
"Destination out of range" message is written into the List file. 


The JMP @A+DPTR instruction supports case jumps. The 
destination address is computed at execution time as the sum of the 
16-bit DPTR register and the Accumulator. Typically, DPTR is set up 
with the address of a jump table. In a 5-way branch, for example, an 
integer 0 through 4 is loaded into the Accumulator. The code to be 
executed might be as follows: 


MOV 
DPTR,#JUMP TABLE 
MOV 
A,INDEX_NUMBER 
RL 
A 
JMP 
@A+DPTR 


The RL A instruction converts the index number (0 through 4) to an 
even number on the range 0 through 8, because each entry in the 
jump table is 2 bytes long: 
JUMP TABLE: 


AJMP 
AJMP 
AJMP 
AJMP 
AJMP 


CASE 0 
CASE 1 
CASE 2 
CASE 3 
CASE 4 


Table 7 shows a single "CALL addr" instruction, but there are two of 
them, LCALL and ACALL, which differ in the format in which the 
subroutine address is given to the CPU. CALL is a generic 
mnemonic which can be used if the programmer does not care 
which way the address is encoded. 


The LCALL instruction uses the 16·bit address format, and the 
subroutine can be anywhere in the 64k Program Memory space. 
The ACALL instruction uses the 11·bit format, and the subroutine 
must be in the same 2k block as the instruction following the 
ACALL. 


In any case, the programmer specifies the subroutine address to the 
assembler in the same way: as a label or as a 16·bit constant. The 
assembler will put the address into the correct format for the given 
instructions. 


Subroutines should end with a RET instruction, which returns 
execution to the instruction following the CALL. 


RETI is used to return from an interrupt service routine. The only 
difference between RET and RETI is that RETI tells the interrupt 
control system that the interrupt in progress is done. If there is no 
interrupt in progress at the time RETI is executed, then the RETI is 
functionally identical to RET. 


Table 8 shows the list of conditional jumps available to the 80C51 
user. All of these jumps specify the destination address by the 
relative offset method, and so are limited to a jump distance of -128 
to +127 bytes from the instruction following the conditional jump 
instruction. Important to note, however, the user specifies to the 
assembler the actual destination address the same way as the other 
jumps: as a label or a 16·bit constant. 


There is no Zero bit in the PSW. The JZ and JNZ instructions test 
the Accumulator data for that condition. 


The DJNZ instruction (Decrement and Jump if Not Zero) is for loop 
control. To execute a loop N times, load a counter byte with Nand 
terminate the loop with a DJNZ to the beginning of the loop, as 
shown below for N = 10. 


MOV 


LOOP: (begin loop) 
• 


(end loop) 
DJNZ 
(continue) 


The CJNE instruction (Compare and Jump if Not Equal) can also be 
used for loop control as in Figure 12. Two bytes are specified in the 
operand field of the instruction. The jump is executed only if the two 
bytes are not equal. In the example of Figure 12, the two bytes were 
data in R1 and the constant 2AH. The initial data in R1 was 2EH. 
Every time the loop was executed, R1 was decremented, 
and the 


looping was to continue until the R1 data reached 2AH. 


Another application of this instruction is in "greater than, less than" 
comparisons. The two bytes in the operand field are taken as 
unsigned integers. If the first is less than the second, then the Carry 
bit is set (1). If the first is greater than or equal to the second, then 
the Carry bit is cleared. 


CPUTiming 
All 80C51 microcontrollers have an on·chip oscillator which can be 
used if desired as the clock source for the CPU. To use the on·chip 
oscillator, connect a crystal or ceramic resonator between the 
XTAL 1 and XTAL2 pins of the microcontroller, and capacitors to 
ground as shown in Figure 13. 


Examples of how to drive the clock with an external oscillator are 
shown in Figure 14. Note that in the NMOS devices (8051, etc.) the 
signal at the XTAL2 pin actually drives the internal clock generator. 
In the CMOS devices (80C51, etc.), the signal at the XTAL 1 pin 
drives the internal clock generator. The internal clock generator 
.defines the sequence of states that make up the 80C51 machine 
cycle. 


MNEMONIC 
OPERATION 
ADDRESSING 
MODES 
EXECUTION 


DIR 
IND 
REG 
IMM 
TIME(~s) 


JZ rei 
Jump if A= 0 
Accumulator only 
2 


JNZ rei 
Jump if AoF0 
Accumulator only 
2 


DJNZ <byte>,rel 
Decrement and jump if not zero 
X 
X 
2 


CJNE A,<byte>,rel 
Jump if A oF<byte> 
X 
X 
2 


CJNE <byte>,#data,rel 
Jump if <byte> oF#data 
X 
X 
2 


External 
clock 
signal 


External 
clock 
siglal 


Machine 
Cycles 
A machine cycle consists of a sequence of 6 states, numbered S1 
through S6. Each state time lasts for two oscillator periods. Thus a 
machine cycle takes 12 oscillator periods or 111Sif the oscillator 
frequency is 12MHz. 


Each state is divided into a Phase 1 half and a Phase 2 half. 
Figure 15 shows that fetch/execute 
sequences in states and phases 
for various kinds of instructions. Normally two program fetches are 
generated during each machine cycle, even if the instruction being 
executed doesn't require it. If the instruction being executed doesn't 
need more code bytes, the CPU simply ignores the extra fetch, and 
the Program Counter is not incremented. 


Execution of a one-cycle instruction (Figures 15a and 15b) begins 
during State 1 of the machine cycle, when the opcode is latched into 
the Instruction Register. A second fetch occurs during S4 of the 
same machine cycle. Execution is complete at the end of State 6 of 
this machine cycle. 


The MOVX instructions take two machine cycles to execute. No 
program fetch is generated during the second cycle of a MOVX 
instruction. This is the only time program fetches are skipped. The 
fetch/execute sequence for MOVX instructions is shown in Figure 
15d. 


External 
clock 
signal 


The fetch/execute sequences are the same whether the Program 
Memory is internal or external to the chip. Execution times do not 
depend on whether the Program Memory is internal or external. 


Figure 16 shows the signals and timing involved in program fetches 
when the Program Memory is external. If Program Memory is 
external, then the Program Memory read strobe PSEN is normally 
activated twice per machine cycle, as shown in Figure 16a. If an 
access to external Data Memory occurs, as shown in Figure 16b, 
two PSENs are skipped, because the address and data bus are 
being used for the Data Memory access. 


Note that a Data Memory bus cycle takes twice as much time as a 
Program Memory bus cycle. Figure 16 shows the relative timing of 
the addresses being emitted at Ports 0 and 2, and of ALE and 
PSEN. ALE is used to latch the low address byte from PO into the 
address latch. 


When the CPU is executing from internal Program Memory, PSEN is 
not activated, and program addresses are not emitted. However, 
ALE continues to be activated twice per machine cycle and so it is 
available as a clock output signal. Note, however, that one ALE is 
skipped during the execution of the MOVX instruction. 


Read next 
opcode 
(discard). 


a. l-byte, l-cycle Instr~ction, e.g., INCA 


I 
I 
I 
I 
I: _C :a:e~opcode 


I 


b. 2-byte, l-cycle Instruction, e.g., ADDA,#data 


I 
I 
I 
I 
I 


=(~iscard) I 


I 
I 
c. l-byte, 2-cycle Instruction, e.g., INCDPTR 


I 
I 
I 
I 
I 
I 
No 


I 'etch. 


I 


~~~e(~iSCard) 
J 
I 
I 


Symbol 
Position 
Function 


EA 
IE.? 
Disables all interrupts. If EA = 0, no 
interrupt will be acknowledged. 
If EA = 1, 


each interrupt source is individually 
enabled or disabled by setting or clearing 
its enable bit. 


IE.6 
Reserved. 


IE.5 
Reserved. 


ES 
IE.4 
Enables or disables the Serial Port 
interrupt. If ES = 0, the Serial Port 
interrupt is disabled. 


ETl 
IE.3 
Enables or disables the Timer 1 Overflow 
interrupt. If ETl = 0, the Timer 1 interrupt 
is disabled. 


EXl 
IE.2 
Enables or disables External Interrupt 1. 
If EXl = 0, External Interrupt 1 is disabled. 


ETa 
IE.l 
Enables or disables the Timer a Overflow 
interrupt. If ETa = 0, the Timer a interrupt 
is disabled. 


EXO 
IE.O 
Enables or disables Exetemal Interrupt O. 
If EXO= 0, Extemallnterrupt 
a is disabled. 


SU00474 


Reserved. 


Reserved. 


Reserved. 


Defines the Serial Port interrupt priority 
level. PS = 1 programs it to the higher 
priority level. 


Defines the Timer 1 interrupt priority 
level. PT1 = 1 programs it to the higher 
priority level. 


Defines the Extemallnterrupt 
1 priority 


level. PXl = 1 programs it to the higher 
priority level. 


Enables or disables the Timer a Interrupt 
priority level. PT) = 1 programs It to the 
higher priority level. 


Defines the External Interrupt a priority 
level. PXO = 1 programs it to the higher 
priority level. 


Interrupt Pol- 
ling 
Sequence 


Interrupt 
Structure 
The 80C51 and its ROMless and EPROM versions have 5 interrupt 
sources: 2 external interrupts, 2 timer interrupts, and the serial port 
interrupt. 


What follows is an overview of the interrupt structure for the device, 
More detailed information for specific members of the 80C51 
derivative family is provided in later chapters of this user's guide. 


Interrupt 
Enables 
Each interrupt source can be individually enabled or disabled by 
selting or clearing a bit in the SFR named IE (Interrupt Enable). This 
register also contains a global disable bit, which can be cleared to 
disable all interrupts at once. Figure 17 shows the IE register. 


Interrupt 
Priorities 
Each interrupt source can also be individually programmed to one of 
two priority levels by selting or clearing a bit in the SFR named IP 
(Interrupt Priority). Figure 18 shows the IP register. A low-priority 
interrupt can be interrupted by a high-priority interrupt, but not by 
another low-priority interrupt. A high-priority interrupt can't be 
interrupted by any other interrupt source. 


If two interrupt requests of different priority levels are received 
simultaneously, the request of higher priority is serviced. If interrupt 
requests of the same priority level are received simultaneously, an 
internal polling sequence determines which request is serviced. 
Thus within each priority level there is a second priority structure 
determined by the polling sequence. Figure 19 shows how the IE 
and IP registers and the polling sequence work to determine which if 
any interrupt will be serviced. 


In operation, all the interrupt flags are latched into the interrupt 
control system during State 5 of every machine cycle. The samples 
are polled during the following machine cycle. If the flag for an 
enabled interrupt is found to be set (1), the interrupt system 
generates an LCALL to the appropriate location in Program Memory, 
unless some other condition blocks the interrupt. Several conditions 
can block an interrupt, among them that an interrupt of equal or 
higher priority level is already in progress. 


The hardware-generated 
LCALL causes the contents of the 
Program Counter to be pushed into the stack, and reloads the PC 
with the beginning address of the service routine. As previously 


noted (Figure 3), the service routine for each interrupt begins at a 
fixed location. 


Only the Program Counter is automatically 
pushed onto the stack, 


not the PSW or any other register. Having only the PC automatically 
saved allows the programmer to decide how much time should be 
spent saving other registers. This enhances the interrupt response 
time, albeit at the expense of increasing the programmer's 
burden of 


responsibility. As a result, many interrupt functions that are typical in 
control applications toggling a port pin for example, or reloading a 
timer, or unloading a serial buffer can often be completed in less 
time than it takes other architectures to complete. 


Simulating 
a Third Priority 
Level In Software 


Some applications require more than two priority levels that are 
provided by on-chip hardware in 80C51 devices. In these cases, 
relatively simple software can be written to produce the same effect 
as a third priority level. First, interrupts that are to have higher 
priority than 1 are assigned to priority 1 in the Interrupt Priority (IP) 
register. The service routines for priority 1 interrupts that are 
supposed to be interruptable by priority 2 interrupts are written to 
include the following code: 


PUSH 
IE 
MOV 
IE,#MASK 
CALL 
LABEL 


POP 
IE 
RET 
LABEL: 
RETI 


As soon as any priority interrupt is acknowledged, 
the Interrupt 


Enable (IE) register is redefined so as to disable all but priority 2 
interrupts. Then a CALL to LABEL executes the RETI instruction, 
which clears the priority 1 interrupt-in-progress 
flip-flop. At this point 
any priority 1 interrupt that is enabled can be serviced, but only 
priority 2 interrupts are enabled. 


POPing IE restores the original enable byte. Then a normal RET 
(rather than another RETI) is used to terminate the service routine. 
The additional software adds 10!'s (at 12MHz) to priority 1 
interrupts. 


HARDWARE 
DESCRIPTION 


This chapter provides a detailed description of the BOC51 
microcontroller (see Figure 1). Included in this description are: 


• The port drivers and how they function both as ports and, for Ports 


o and 2, in bus operations 


• The Timers/Counters 


• The Serial Interface 


• The Interrupt System 


• Reset 


• The Reduced Power Modes in CMOS devices 


• The EPROM version of the BOC51 
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!'SEll 


ALE 
EA 


RST 


Special 
Function 
Registers 


A Map of the on-chip memory area called the Special Function 
Register (SFR) space is shown in Figure 2. 


Note that in the SFRs not all of the addresses are occupied. 
Unoccupied addresses are not implemented on the chip. Read 
accesses to these addresses will in general retum random data, and 
write accesses will have no effect. 


User software should not write 1s to these unimplemented locations, 
since they may be used in other BOC51 Family derivative products 
to invoke new features. The functions of the SFRs are described in 
the text that follows. 


Accumulator 
ACC is the Accumulator register. The mnemonics for 
Accumulator-Specific 
instructions, however, refer to the Accumulator 
simplyasA. 


B Register 
The B register is used during multiply and divide operations. For 
other instructions it can be treated as another scratch pad register. 


Program 
Status Word 
The PSW register contains program status information as detailed in 
Figure 3. 


Stack Pointer 
The Stack Pointer register is B bits wide. It is incremented before 
data is stored during PUSH and CALL executions. While the stack 
may reside anywhere in on-chip RAM, the Stack Pointer is initialized 
to 07H after a reset. This causes the stack to begin at locations OBH. 


Data Pointer 
The Data Pointer (DPTR) consists of a high byte (DPH) and a low 
byte (DPL). Its intended function is to hold a 16-bit address. It may 
be manipulated as a 16-bit register or as two independent 8-bit 
registers. 


Ports 0 to 3 
PO, P1, P2, and P3 are the SFR latches of Ports 0, 1, 2, and 3, 
respectively. Writing a one to a bit of a port SFR (PO, P1, P2, or P3) 
causes the corresponding 
port output pin to switch high. Writing a 


zero causes the port output pin to switch low. When used as an 
input, the external state of a port pin will be held in the port SFR 
(I.e., if the external state of a pin is low, the corresponding 
port SFR 
bit will contain a 0; if it is high, the bit will contain a 1). 


Serial Data Buffer 
The Serial Buffer is actually two separate registers, a transmit buffer 
and a receive buffer. When data is moved to SBUF, it goes to the 
transmit buffer and is held for serial transmission. 
(Moving a byte to 
SBUF is what initiates the transmission.) When data is moved from 
SBUF, it comes from the receive buffer. 


Timer Registers 
Basic to 80C51 
Register pairs (THO, TLO), and (TH1, TL 1) are the 16-bit Counting 
registers for "Timer/Counters 0 and 1, respectively. 


Control 
Register 
for the 80C51 
Special Function Registers IP, IE, TMOD, TCON, SCON, and PCON 
contain control and status bits for the interrupt system, the 
"Timer/Counters, and the serial port. They are described in later 
sections. 


Port Structures 
and Operation 


All four ports in the 80C51 are bidirectional. Each consists of a latch 
(Special Function Registers POthrough P3), an output driver, and an 
input buffer. 


The output drivers of Ports 0 and 2, and the input buffers of Port 0, 
are used in accesses to external m<;lmory.In this application, Port 0 
outputs the low byte of the external memory address, 
time-multiplexed 
with the byte being written or read. 


Port 2 outputs the high byte of the external memory address when 
the address is 16 bits wide. Otherwise, the Port 2 pins continue to 
emit the P2 SFR content. 


B 


ACC 


psw 


IP 


P3 


IE 


P2 


SCON 
SBUF 


P' 


TCON 
TMOO 
TLO 
TLl 
THO 
THl 


PO 
SP 
OPL 
OPH 
PCON 
L 
BIT AOORESSABLE 


FF 


F7 


EF 


E7 


OF 


07 


CF 


C7 


BF 


B7 


Ar 


A7 


9F 


97 


8F 


87 


SUOO530 


FUNCTION 
Carry flag. 
Auxilliary Carry flag. (For BCD operations.) 
Flag O. (Available to the user for general purposes.) 
Register bank select control bit 1. 
Set/cleared by software to determine working register bank. (See Note.) 
Register bank select control bit O. 
Set/cleared by software todetermine working register bank. (See Note.) 
Overflow flag. 
User-definable flag. 
Parity flag. 
Set/cleared by hardware each instruction cycle to indicate an odd/even 
number of "one" bits in the Accumulator, i.e., even parity. 


BIT 
PSW,7 


PSW.6 
PSW.5 
PSW.4 


SYMBOL 
CY 
AC 


FO 
RS1 


PSW.2 
PSW.1 
PSW.O 


NOTE: 
The contents of (RS1, RSO) enable the working register banks as follows: 


(0,0)- 
Bank 0 
(00~7H) 


(0,1)- 
Bank 1 
(OBH--{)fH) 
(1,0)- 
Bank 2 
(10H-17H) 
(1,1)-Bank3 
(1BH-17H) 


All the Port 3 pins are multifunctional. They are not only port pins, 
but also serve the functions of various special features as listed 
below: 


Port Pin 
P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 
P3.7 


Alternate 
Function 


RxD (serial input port) 
TxD (serial output port) 
fI\lTO (extemal interrupt) 
fI\lTf (external interrupt) 
TO (Timer/Counter 0 external input) 
T1 (Timer/Counter 1 external input) 
WR (external Data Memory write strobe) 
RU (external Data Memory read strobe) 


The altemate functions can only be activated if the corresponding bit 
latch in the port SFR contains a 1. Otherwise the port pin remains at O. 


tlO Configurations 
Figure 4 shows a functional diagram of a typical bit latch and I/O 
buffer in each of the four ports. The bit latch (one bit in the port's 
SFR) is represented as a Type D flip-flop, which will clock in a value 
from the internal bus in response to a "write to latch" signal from the 
CPU. The level of the port pin itself is placed on the intemal bus in 
response to a "read pin" signal from the CPU. Some instructions that 
read a port activate the "read latch" signal, and others activate the 
"read pin" signal. 


As shown in Figure 4, the output drivers of Port 0 and 2 are 
switchable to an internal ADDR and ADDRIDATA bus by an internal 
CONTROL signai for use in external memory accesses. During 
external memory accesses, the P2 SFR remains unchanged, but the 
POSFR gets 1s written to it. 


Also shown in Figure 4 is that if a P3 bit latch contains a 1, then the 
output level is controlled by the signal labeled "alternate output 
function." The actual P3,X pin level is always available to the pin's 
altemate input function, if any. 


Ports 1, 2, and 3 have internal pullups, and Port 0 has open drain 
outputs. Each I/O line can be independently used as an input or an 
output. (Port 0 and 2 may not be used as general purpose I/O when 


being used as the ADDRIDATA BUS for external memory during 
normal operation.) To be used as an input, the port bit latch must 
contain a 1, which turns off the output driver FET. Then, for Ports 1, 
2, and 3, the pin is pulled high by a weak internal pullup, and can be 
pulled low by an external source. 


Port 0 differs in that its internal pullups are not active during normal 
port operation. The pullup FET in the POoutput driver (see Figure 4) 
is used only when the port is emitting 1s during external memory 
accesses. Otherwise the pullup FET is off. Consequently POlines 
that are being used as output port lines are open drain. Writing a 1 
to the bit latch leaves both output FETs off, so the pin floats. In that 
condition it can be used as a high-impedance 
input. 


Because Ports 1, 2, and 3 have fixed internal pullups, they are 
sometimes called "quasi- bidirectional" ports. When configured as 
inputs they pull high and will source current (IlL, in the data sheets) 
when extemally pulled low. Port 0, on the other hand, is considered 
"true" bidirectional, because when configured as an input it floats. 


All the port latches in the BOC51 have 1s written to them by the reset 
function. If a 0 is subsequently written to a port latch, it can be 
reconfigured as an input by writing a 1 to it. 


Writing 
to a Port 
In the execution of an instruction that changes the value in a port 
latch, the new value arrives at the latch during S6P2 of the final 
cycle of th'e instruction. However, port latches are in fact sampled by 
their output buffers only during Phase 1 of an clock period. (During 
Phase 2 the output buffer holds the value it saw during the previous 
Phase 1). Consequently, the new value in the port latch won't 
actually appear at the output pin until the next Phase 1, which will be 
at S1P1 of the next machine cycle. 


If the change requires a 0-to-1 transition in Port 1, 2, or 3, an 
additional pUliup is tumed on during S1P1 and S1P2 of the cycle in 
which 
the transition 
occurs. 
This is done 
to increase 
the transition 


speed. The extra pullup can source about 100 times the current that 
the normal pullup can. It should be noted that the intemal pullups 
are field-effect transistors, not linear resistors. The pullup 
arrangements are shown in Figure 5. 


P1.X 
Latch 


CL 


Alternate 


Output 


Function 


Alternate 
Input 
Function 


'See Figure 5 for details of the internal pUliup. 
Figure 4. 
80C51 Port Bit Latches 
and VO Buffers 


In the NMOS 8051 part, the fixed part of the pullup is a depletion 
mode transistor with the gate wired to the source. This transistor will 
allow the pin to source about 0.25mA when shorted to ground. In 
parallel with the fixed pullup is an enhancement mode transistor, 
which is activated during Sl whenever the port bit does a 0-to-1 
transition. During this interval, if the port pin is shorted to ground, 
this extra transistor will allow the pin to source an additional 30mA. 


In the CMOS 80C51 , the pullup consists of three pFETs. It should be 
noted that an n-channel FET (nFET) is turned on when a logical 1 is 
applied to its gate, and is turned off when a logical 0 is applied to its 
gate. A p-channel FET (pFET) is the opposite: it is on when its gate 
sees a 0, and off when its gate sees a 1. 


pFET1 in Figure 5 is the transistor that is turned on for 2 oscillator 
periods after a 0-to-1 transition in the port latch. While it's on, it turns 
on pFET3 (a weak pullup), through the inverter. This inverter and 
pFET3 form a latch which holds the 1. 


Note that if the pin is emitting a 1, a negative glitch on the pin from 
some external source can turn off pFET3, causing the pin to go into 


a float state. pFET2 is a very weak pullup which is on whenever the 
nFET is off, in traditional CMOS style. II's only about 1/10 the 
strength of pFET1. Its function is to restore a 1 to the pin in the 
event the pin had a 1 and lost it to a glitch. 


Port Loading 
and Interfacing 
The output buffers of Ports 1, 2, and 3 can each drive 4 LS TIL 
inputs. These ports on NMOS versions can be driven in a normal 
manner by a TIL or NMOS circuit. Both NMOS and CMOS pins can 
be driven by open-COllector and open-drain outputs, but note that 
0-to-1 transitions will not be fast. 


In the NMOS device, if the pin is driven by an open-collector 
output, 


a 0-to-1 transition will have to be driven by the relatively weak 
depletion mode FET in Figure 5a. In the CMOS device, an input 0 
turns off pullup pFET3, leaving only the very weak pullup pFET2 to 
drive the transition. 


Port 0 output buffers can each drive 8 LS TIL inputs. They do, 
however, require external pullups to drive NMOS inputs, except 
when being used as the ADDRESS/DATA bus for external memory. 


vss 


a. NMOS Configuration. 
The enhancement 
mode transistor 
is turned 
on for 2 oscillator 
periods 
after Q makes a o-to-1 transition. 


b. CMOS Configuration. 
pFET1 is turned 
on for 2 oscillator 
periods 
after Q makes a o-to-1 transition. 


During this time, pFET1 also turns on pFET3 through 
the inverter 
to form a latch which 
holds the 1. pFET2 is also on. 


Figure 5. 
Ports 1 and 3 NMOS and CMOS Internal 
Pullup Configurations 


(Port 2 is similar except that it holds the strong pullup on while emitting 1s that are address bits. See Accessing External Memory.) 


Read-Modify-Write 
Feature 


Some instructions that read a port read the latch and others read the 
pin. Which ones do which? The instructions that read the latch 
rather than the pin are the ones that read a value, possibly change 
it, and then rewrite it to the latch. These are called 
"read-modify-write" 
instructions. The instructions listed below are 
read-modify-write 
instructions. When the destination operand is a 


port, or a port bit, these instructions read the latch rather than the 
pin: 


ANL 
ORL 
XRL 
JBC 
CPL 
INC 
DEC 
DJNZ 


(logical AND, e.g., ANL P1,A) 
(logical OR, e.g., ORL P2,A) 
(logical EX-OR, e.g., XRL P3,A) 
Oump if bit = 1 and clear bit, e.g., JBC P1.1,LABEL) 
(complement bit, e.g., CPL P3.0) 
(increment, e.g., INC P2) 
(decrement, e.g., DEC P2) 
(decrement and jump if not zero, 
e.g., DJNZ P3,LABEL) 
(move carry bit to bit Y of Port X) 
(clear bit Y of Port X) 
(set bit Y of Port X) 


MOVPX.Y,C 
CLR PX.Y 
SETPX.Y 


It is not obvious that the last three instructions in this list are 
read-modify-write 
instructions, but they are. They read the port byte, 


all 8 bits, modify the addressed bit, then write the new byte back to 
the latch. 


The reason that read-modify-write 
instructions are directed to the 


latch rather than the pin is to avoid a possible misinterpretation 
of 


the voltage level at the pin. For example, a port bit might be used to 
drive the base of a transistor. When a 1 is written to the bit, the 
transistor is tumed on. If the CPU then reads the same port bit at the 
pin rather than the latch, it will read the base voltage of the transistor 
and interpret it as a O. Reading the latch rather than the pin will 
return the correct value of 1. 


Accessing 
External 
Memory 


Accesses to external memory are of two types: accesses to external 
Program Memory and accesses to external Data Memory. Accesses 
to external Program Memory use signal PSEN (program store 
enable) as the read strobe. Accesses to external Data Memory use 
1m" or WR (alternate functions of P3.7 and P3.6) to strobe the 
memory. Fetches from extemal Program Memory always use a 
16-bit address. Accesses to external Data Memory can use either a 
16-bit address (MOVX 
@ DPTR) or an B-bit address (MOVX 
@Ri). 


Whenever a 16-bit address is used, the high by1eof the address 
comes out on Port 2, where it is held for the duration of the read or 
write cycle. Note that the Port 2 drivers use the strong pullups during 
the entire time that they are emitting address bits that are 1s. This is 
during the execution of a MOVX 
@DPTR instruction. During this 


time the Port 2 latch (the Special Function Register) does not have 
to contain 1s, and the contents of the Port 2 SFR are not modified. If 
the external memory cycle is not immediately followed by another 
external memory cycle, the undisturbed contents of the Port 2 SFR 
will reappear in the next cycle. 


If an B-bit address is being used (MOVX 
@Ri), the contents of the 
Port 2 SFR remain at the Port 2 pins throughout the extemal 
memory cycle. This will facilitate paging. 


In any case, the low by1eof the address is time-multiplexed 
with the 


data by1eon Port o. The ADDRIDATA signals drive both FETs in the 
Port 0 output buffers. Thus, in this application the Port 0 pins are not 
open-drain outputs, and do not require extemal puliups. ALE 
(Address Latch Enable) should be used to capture the address by1e 
into an external latch. The address by1e is valid at the negative 
transition of ALE. Then, in a write cycle, the data by1eto be written 
appears on Port 0 just before WR is activated, and remains there 
until after WR is deactivated. In a read cycle, the incoming by1e is 
accepted at Port 0 just before the read strobe is deactivated. 


During any access to extemal memory, the CPU writes OFFH to the 
Port 0 latch (the Special Function Register), thus obliterating 
whatever information the Port 0 SFR may have been holding. 


External Program Memory is accessed under two conditions: 
Whenever signal E)l; is active; or whenever the program counter 
(PC) contains a number that is larger than OFFFH (in the BOC51). 


This require that the ROMless versions have E)l; wired low to enable 
the lower 4k program by1es to be fetched from extemal memory. 


When the CPU is executing out of external Program Memory, all B 
bits of Port 2 are dedicated to an output function and may not be 
used for general purpose I/O. During extemal program fetches they 
output the high by1e of the PC. During this time the Port 2 drivers 
use the strong pullups to emit PC bits that are 1s. 


Timer/Counters 
The BOC51 has two 16-bit Timer/Counter registers: Timer 0 and 
Timer 1. Both can be configured to operate either as timers or event 
counters (see Figure 6). 


In the "Timer" function, the register is incremented every machine 
cycle. Thus, one can think of it as counting machine cycles. Since a 
machine cycle consists of 12 oscillator periods, the count rate is 
1/12 of the oscillator frequency. 


In the "Counter" function, the register is incremented in response to 
a 1-to-0 transition at its corresponding external input pin, TOor T1. 
In this function, the external input is sampled during S5P2 of every 
machine cycle. 


When the samples show a high in one cycle and a low in the next 
cycle, the count is incremented. The new count value appears in the 


register during S3P1 of the cycle following the one in which the 
transition was detected. Since it takes 2 machine cycles (24 
oscillator periods) to recognize a 1-to-0 transition, the maximum 
count rate is 1/24 of the oscillator frequency. There are no 
restrictions on the duty cycle of the external input signal, but to 
ensure that a given level is sampled at least once before it changes, 
it should be held for at least one full cycle. In addition to the "Timer" 
or "Counter" selection, Timer 0 and Timer 1 have four operating 
modes from which to select. 


Timer 0 and Timer 1 
The "Timer" or "Counter" function is selected by control bits CIT in 
the Special Function Register TMOD. These two Timer/Counters 
have four operating modes, which are selected by bit-pairs (M1, MO) 
in TMOD. Modes 0, 1, and 2 are the same for both Timers/Counters. 
Mode 3 is different. The four operating modes are described in the 
following text. 


Mode 0 
Putting either Timer into Mode 0 makes it look like an B04B Timer, 
which is an B-bit Counter with a divide-by-32 prescaler. Figure 7 
shows the Mode 0 operation as it applies to Timer 1. 


In this mode, the Timer register is configured as a 13-bit register. As 
the count rolls over from all 1s to all Os, it sets the Timer interrupt 
flag TF1. The counted input is enabled to the Timer when TR1 = 1 
and either GATE = 0 or IIilTf = 1. (Selting GATE = 1 allows the 
Timer to be controlled by extemal input 1IilTf, to facilitate pulse width 
measurements). TR1 is a control bit in the Special Function Register 
TCON (Figure B). GATE is in TMOD. 


The 13-bit register consists of all B bits of TH 1 and the lower 5 bits 
of TL 1. The upper 3 bits of TL 1 are indeterminate and should be 
ignored. Setting the run flag (TR1) does not clear the registers. 


Mode 0 operation is the same for the Timer 0 as for Timer 1. 
Substitute TRO, TFO, and IJilTlj for the corresponding Timer 1 
signals in Figure 7. There are two different GATE bits, one for Timer 
1 (TMOD.7) and one for Timer 0 (TMOD.3). 


Mode 1 
Mode 1 is the same as Mode 0, except that the Timer register is 
being run with all 16 bits. 


Mode 2 
Mode 2 configures the Timer register as an B-bit Counter (TL1) with 
automatic reload, as shown in Figure 9. Overflow from TL 1 not only 
sets TF1, but also reloads TL 1 with the contents of TH1, which is 
preset by software. The reload leaves TH1 unchanged. 


Mode 2 operation is the same for Timer/Counter o. 


Mode 3 
Timer 1 in Mode 3 simply holds its count. The effect is the same as 
setting TR1 = o. 


Timer 0 in Mode 3 establishes TLO and THO as two separate 
counters. The logic for Mode 3 on Timer 0 is shown in Figure 10. 
TLO uses the Timer 0 control bits: CIT, GATE, TRO, INTO, and TFO. 
THO is locked into a timer function (counting machine cycles) and 
takes over the use of TR1 and TF1 from Timer 1. Thus, THO now 
controls the "Timer 1" interrupt. 


Mode 3 is provided for applications requiring an extra B-bit timer on 
the counter. With Timer 0 in Mode 3, an BOC51 can look like it has 
three Timer/Counters. When Timer 0 is in Mode 3, Timer 1 can be 
tumed on and off by switching it out of and into its own Mode 3, or 
can still be used by the serial port as a baud rate generator, or in 
fact, in any application not requiring an interrupt. 
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Gating control when set. Timer/Counter "x" is enabled only while "IfITX" 
pin is high and 


"TRx" control pin is set. when cleared Timer "x" is enabled whenever ''TRx" control bit is set. 
Timer or Counter Selector cleared for Timer operation (input from in=ternal system clock.) 
Set for Counter operation (input from "Tx" input pin). 


OPERATING 
B04B Timer ''TLx'' serves as S-bit prescaler. 
16-bit Timer/Counter "THx" and "TLx" are cascaded; there is no prescaler. 
B-bit auto-reload Timer/Counter "THx" holds a value which is to be reloaded 
into "TLx" each time it overflows. 
(Timer 0) TLO is an B-bit Timer/Counter controlled by the standard Timer 0 control bits. 
THO is an B-bit timer only controlled by Timer 1 control bits. 
(Timer 1) Timer/Counter 
1 stopped. 


Figure 6. 
Timer/Counter 
Mode Control 
(TMOD) Register 


FUNCTION 
Timer 1 overflow flag. Set by hardware on Timer/Counter overflow. 
Cleared by hardware when processor vectors to interrupt routine, or clearing the bit in software. 
Timer 1 Run control bit. SeVcleared by software to turn Timer/Counter on/off. 
Timer 0 overflow flag. Set by hardware on Timer/Counter overflow. 
Cleared by hardware when processor vectors to interrupt routine, or by clearing the bit in software. 
Timer 0 Run control bit. SeVcleared by software to turn Timer/Counter on/off. 
Interrupt 1 Edge flag. Set by hardware when external interrupt edge detected. 
Cleared when interrupt processed. 


Interrupt 1 type control bit. SeVcleared by software to specify falling edge/low level triggered 
external interrupts. 


Interrupt 0 Edge flag. Set by hardware when external interrupt edge detected. 
Cleared when interrupt processed. 
Interrupt 0 Type control bit. SeVcleared by software to specify falling edge~ow level 
triggered external interrupts. 
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Standard 
Serial Interface 
The serial port is full duplex, meaning it can transmit and receive 
simultarieously. It is also receive-buffered, 
meaning it can 


commence reception of a second byte before a previously received 
byte has been read from the register. (However, if the first byte still 
hasn't been read by the time reception of the second byte is 
complete, one of the bytes will be lost.) The serial port receive and 
transmit registers are both accessed at Special Function Register 
SBUF. Writing to SBUF loads the transmit register, and reading 
SBUF accesses a physically separate receive register. 


The serial port can operate in 4 modes: 


Mode 0: 
Serial data enters and exits through RxD. TxD outputs 
the shift clock. B bits are transmitted/received 
(LSB first). 


The baud rate is fixed at 1/12 the oscillator frequency. 


Mode 1: 
10 bits are transmitted (through TxD) or received 
(through RxD): a start bit (0), B data bits (LSB first), and 
a stop bit (1). On receive, the stop bit goes into RBB in 
Special Function Register SCaN. The baud rate is 
variable. 


Mode 2: 
11 bits are transmitted (through TxD) or received 
(through RxD): start bit (0), B data bits (LSB first), a 
programmable 9th data bit, and a stop bit (1). On 
Transmit, the 9th data bit (TBB in SCaN) can be 
assigned the value of 0 or 1. Or, for example, the parity 
bit (P, in the PSW) could be moved into TBB. On receive, 
the 9th data bit goes into RBB in Special Function 
Register SCaN, while the stop bit is ignored. The baud 
rate is programmable to either 1/32 or 1/64 the oscillator 
frequency. 


Mode 3: 
11 bits are transmitted (through TxD) or received 
(through RxD): a start bit (O), B data bits (LSB first), a 
programmable 9th data bit, and a stop bit (1). In fact, 
Mode 3 is the same as Mode 2 in all respects except 
baud rate. The baud rate in Mode 3 is variable. 


In all four modes, transmission is initiated by any instruction that 
uses SBUF as a destination register. Reception is initiated in Mode 0 
by the condition RI = 0 and REN = 1. Reception is initiated in the 
other modes by the incoming start bit if REN = 1. 


MUltiprocessor 
Communications 
Modes 2 and 3 have a special provision for multiprocessor 
communications. 
In these modes, 9 data bits are received. The 9th 


one goes into RBB. Then comes a stop bit. The port can be 
programmed such that when the stop bit is received, the serial port 
interrupt will be activated only if RBB = 1. This feature is enabled by 
setting bit SM2 in SCaN. A way to use this feature in multiprocessor 
systems is as follows: 


When the master processor wants to transmit a block of data to one 
of several slaves, it first sends out an address byte which identifies 
the target slave. An address byte differs from a data byte in that the 
9th bit is 1 in an address byte and 0 in a data byte. With SM2 = 1, no 


slave will be interrupted by a data byte. An address byte, however, 
will interrupt all slaves, so that each slave can examine the received 
byte and see if it is being addressed. The addressed slave will clear 
its SM2 bit and prepare to receive the data bytes that will be coming. 
The slaves that weren't being addressed leave their SM2s set and 
go on about their business, ignoring the coming data bytes. 


SM2 has no effect in Mode 0, and in Mode 1 can be used to check 
the validity of the stop bit. In a Mode 1 reception, if SM2 = 1, the 
receive interrupt will not be activated unless a valid stop bit is 
received. 


Serial Port Control 
Register 
The serial port control and status register is the Special Function 
Register SCaN, shown in Figure 11. This register contains not only 
the mode selection bits, but also the 9th data bit for transmit and 
receive (TBB and RBB), and the serial port interrupt bits (TI and RI). 


Baud Rates 
The baud rate in Mode 0 is fixed: Mode 0 Baud Rate = Oscillator 
Frequency /12. The baud rate in Mode 2 depends on the value of 
bit SMOD in Special Function Register PCON. If SMOD = 0 (which 
is the value on reset), the baud rate is 1/64 the oscillator frequency. 
If SMOD = 1, the baud rate is 1/32 the oscillator frequency. 


Mode 2 Baud Rate = 


2SMOD 
. 
~ 
x (OSCillator Frequency) 


In the BOC51, the baud rates in Modes 1 and 3 are determined by 
the TImer 1 overflow rate. 


Using Timer 1 to Generate 
Baud Rates 
When TImer 1 is used as the baud rate generator, the baud rates in 
Modes 1 and 3 are determined by the Timer 1 overflow rate and the 
value of SMOD as follows: 


Mode 1, 3 Baud Rate = 


2SMOO 
. 
32 x (TImer 1 Overflow 
Rate) 


The TImer 1 interrupt should be disabled in this application. The 
TImer itself can be configured for either "timer" or "counter" 
operation, and in any of its 3 running modes. In the most typical 
applications, it is configured for "timer" operation, in the auto-reload 
mode (high nibble ofTMOD = 0010B). In that case the baud rate is 
given by the formula: 


Mode 1, 3 Baud Rate = 


2SMOO 
Oscillator 
Frequency 
32 x 
12 x [256 - 
(TH1)J 


One can achieve very low baud rates with TImer 1 by leaVing the 
Timer 1 interrupt enabled, and configuring the TImer to run as a 
16-bit timer (high nibble of TMOD = 0001 B), and using the TImer 1 
interrupt to do a 16-bit software reload. Figure 12 lists various 
commonly used baud rates and how they can be obtained from 
TImer 1. 


MSB 
LSB 
EEEEEEEEJ 


Where SMO, SM1 specify the serial port mode, as follows: 


5MO 
5M1 
Mode 
Description 
Baud Rate 
o 
0 
0 
shift register 
fose/ 12 
o 
1 
1 
8-bit UART 
variable 


1 
0 
2 
9·bit UART 
fose/64 or fose/32 
1 
1 
3 
9-bit UART 
variable 


5M2 
Enables the multiprocessor communication feature in Modes 2 and 3. In Mode 2 or 3, if SM2 is set to 1, then RI will not be 
activated if the received 9th data bit (RB8) is O. In Mode 1, if SM2=1 then RI will not be activated if a valid stop bit was not 
received. In Mode 0, SM2 should be O. 


REN 
Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


TB8 
The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 


RB8 
In Modes 2 and 3, is the 9th data bit that was received. In Mode 1, it SM2=0, RB8 is the stop bit that was received. In Mode 0, 
RB8 is not used. 


TI 
Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the other 
modes, in any serial transmission. Must be cleared by software. 


RI 
Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in the other 
modes, in any serial reception (except see SM2). Must be cleared by software. 


Timer 1 


Baud Rate 
fose 
5MOD 
cfT 
Mode 
Reload Value 


Mode 0 Max: 1.67MHz 
20MHz 
X 
X 
X 
X 


Mode 2 Max: 625k 
20MHz 
1 
X 
X 
X 
Mode 1, 3 Max: 104.2k 
20MHz 
1 
0 
2 
FFH 
19.2k 
11.059MHz 
1 
0 
2 
FDH 
9.6k 
11.059MHz 
0 
0 
2 
FDH 
4.8k 
11.059MHz 
0 
0 
2 
FAH 
2.4k 
11.059MHz 
0 
0 
2 
F4H 
1.2k 
11.059MHz 
0 
0 
2 
E8H 


137.5 
11.986MHz 
0 
0 
2 
1DH 


110 
6MHz 
0 
0 
2 
72H 


110 
12MHz 
0 
0 
1 
FEEBH 


More About 
Mode 0 
Serial data enters and exits through RxD. TxD outputs the shift 
clock. 8 bits are transmitted/received: 
8 data bits (LSB first). The 
baud rate is fixed a 1/12 the oscillator frequency. 


Figure 13 shows a simplified functional diagram of the serial port in 
Mode 0, and associated timing. 


Transmission is initiated by any instruction that uses SBUF as a 
destination register. The "write to SBUP signal at S6P2 also loads a 
1 into the 9th position of the transmit shift register and tells the TX 
Control block to commence a transmission. The internal timing is 
such that one full machine cycle will elapse between "write to SBUP 
and activation of SEND. 


SEND enables the outpU1of the shift register to the alternate output 
function line of P3.0 and also enable SHIFT CLOCK to the altemate 
output function line of P3.1. SHIFT CLOCK is low during S3, S4, and 
S5 of every machine cycle, and high during S6, Sl, and S2. At 
S6P2 of every machine cycle in which SEND is active, the contents 
of the transmit shift are shifted to the right one position. 


As data bits shift out to the right, zeros come in from the left. When 
the MSB of the data byte is at the output position of the shift register, 
then the 1 that was initially loaded into the 9th position, is just to the 
left of the MSB, and all positions to the left of that contain zeros. 
This condition flags the TX Control block to do one last shift and 
then deactivate SEND and set T1. Both of these actions occur at 
SlP1 of the 10th machine cycle after "write to SBUF." 


Reception is initiated by the condition REN = 1 and Rl = O.At S6P2 
of the next machine cycle, the RX Control unit writes the bits 
11111110to the receive shift register, and in the next ciock phase 
activates RECEIVE. 


RECEIVE enable SHIFT CLOCK to the alternate output function line 
of P3.1. SHIFT CLOCK makes transitions at S3Pl 
and S6Pl of 


every machine cycle. At S6P2 of every machine cycle in which 
RECEIVE is active, the contents of the receive shift register are 
shifted to the left one position. The value that comes in from the right 
is the value that was sampled at the P3.0 pin at S5P2 of the same 
machine cycle. 


As data bits come in from the right, 1s shift out to the left. When the 
o that was initially loaded into the rightmost position arrives at the 
leftmost position in the shift register, it flags the RX Control block to 
do one last shift and load SBUF. At S1P1 of the 10th machine cycle 
after the write to SCaN that cleared RI, RECEIVE is cleared as RI is 
set. 


More About Mode 1 
Ten bits are transmitted (through TxD), or received (through RxD): a 
start bit (0), B data bits (LSB first), and a stop bit (1). On receive, the 
stop bit goes into RB8 in SCON. In the 80C51 the baud rate is 
determined by the TImer 1 overflow rate. 


Figure 14 shows a simplified functional diagram of the serial port in 
Mode 1, and associated timings for transmit receive. 


Transmission is initiated by any instruction that uses SBUF as a 
destination register. The "write to SBUP' signal also loads a 1 into 
the 9th bit position of the transmit shift register and flags the TX 
Control unit that a transmission is requested. Transmission actually 
commences at S1 P1 of the machine cycle following the next rollover 
in the divide-by-16 counter. (Thus, the bit times are synchronized to 
the divide-by-16 counter, not to the "write to SBUP' signaL) 


The transmission begins with activation of SEND which puts the 
start bit at TxD. One bit time later, DATA is activated, which enables 
the output bit of the transmit shift register to TxD. The first shift pulse 
occurs one bit time after that. 


As data bits shift out to the right, zeros are clocked in from the left. 
When the MSB of the data by1e is at the output position of the shift 
register, then the 1 that was initially loaded into the 9th position is 
just to the left of the MSB, and all positions to the left of that contain 
zeros. This condition flags the TX Control unit to do one last shift 
and then deactivtate SEND and set TL This occurs at the 10lh 
divide-by-16 rollover after "write to SBUF." 


Reception is initiated by a detected 1-10-0transition at RxD. For this 
purpose RxD is sampled at a rate of 16 times whatever baud rate 
has been established. When a transition is detected, the 
divide-by-16 counter is immediately reset, and 1FFH is written into 
the input shift register. Resetting the divide-by-16 counter aligns its 
rollovers with the boundaries of the incoming bit times. 


The 16 states of the counter divide each bit time into 16ths. At the 
7th, Bth, and 9th counter states of each bit time, the bit detector 
samples the value of RxD. The value accepted is the value that was 
seen in at least 2 of the 3 samples. This is done for noise rejection. 
If the value accepted during the first bit time is not 0, the receive 
circuits are reset and the unit goes back to looking for another 1-to-0 
transition. This is to provide rejection of false start bits. If the start bit 
proves valid, it is shifted into the input shift register, and reception of 
the rest of the frame will proceed. 


As data bits come in from the right, 1s shift out to the left. When the 
start bit arrives at the leftmost position in the shift register (which in 
mode 1 is a 9-bit register), it flags the RX Control block to do one 
last shift, load SBUF and RBB, and set RL The signal to load SBUF 
and RB8, and to set RI, will be generated if, and only if, the following 
conditions are met at the time the final shift pulse is generated.: 
1. R1; 
0, and 
2. 
Either SM2 ; 0, or the received stop bit; 
1. 


If either of these two conditions is not met, the received frame is 
irretrievably lost. If both conditions are met, the stop bit goes into 
RB8, the 8 data bits go into SBUF, and RI is activated. At this time, 
whether the above conditions are met or not, the unit goes back to 
looking for a 1-10-0transition in RxD. 


More About Modes 2 and 3 
Eleven bits are transmitted (through TxD), or received (through 
RxD): a start bit (0), 8 data bits (LSB first), a programmable 
9th data 
bit, and a stop bit (1). On transmit, the 9th data bit (TB8) can be 
assigned the value of 0 or 1. On receive, the 9the data bit goes into 
RBB in SCaN. The baud rate is programmable to either 1/32 or 1/64 
the oscillator frequency in Mode 2. Mode 3 may have a variable 
baud rate generated from TImer 1. 


Figures 15 and 16 show a functional diagram of the serial port in 
Modes 2 and 3. The receive portion is exactly the same as in Mode 
1. The transmit portion differs from Mode 1 only in the 9th bit of the 
transmit shift register. 


Transmission is initiated by any instruction that uses SBUF as a 
destination register. The "write to SBUP' signal also loads TB8 into 
the 9th bit position of the transmit shift register and flags the TX 
Control unit that a transmission is requested. Transmission 
commences at S1P1 of the machine cycle following the next rollover 
in the divide-by-16 counter. (Thus, the bit times are synchronized to 
the divide-by-16 counter, not to the "write to SBUP' signaL) 


The transmission begins with activation of SEND, which puts the 
start bit at TxD. One bit time later, DATA is activated, which enables 
the output bit of the transmit shift register to TxD. The first shift pulse 
occurs one bit time after that. The first shift clocks a 1 (the stop bit) 
into the 9th bit position of the shift register. Thereafter, only zeros 
are clocked in. Thus, as data bits shift out to the right, zeros are 
clocked in from the left. When TBB is at the output position of the 
shift register, then the stop bit is just to the left of TBB, and all 
positions to the left of that contain zeros. This condition flags the TX 
Control unit to do one last shift and then deactivate SEND and set 
TL This occurs at the 11th divide-by-16 rollover after "write to SUBF." 


Reception is initiated by a detected 1-10-0 transition at RxD. For this 
purpose RxD is sampled at a rate of 16 times whatever baud rate 
has been established. When a transition is detected, the 
divide-by-16 counter is immediately reset, and 1FFH is written to the 
input shift register. 


At the 7th, Bth, and 9th counter states of each bit time, the bit 
detector samples the value of R-D. The value accepted is the value 
that was seen in at least 2 of the 3 samples. If the value accepted 
during the first bit time is not 0, the receive circuits are reset and the 
unit goes back to looking for another 1-to-0 transition. If the start bit 
proves valid, it is shifted into the input shift register, and reception of 
the rest of the frame will proceed. 


As data bits come in from the right, 1s shift out to the left. When the 
start bit arrives at the leftmost position in the shift register (which in 
Modes 2 and 3 is a 9-bit register), it flags the RX Control block to do 
one last shift, load SBUF and RBB, and set RI. 


The signal to load SBUF and RBB, and to set RI, will be generated 
if, and only if, the following conditions are met at the time the final 
shift pulse is generated. 
1. RI; 
0, and 
2. 
Either SM2 ; 0, or the received 9th data bit ; 1. 


If either of these conditions is not met, the received frame is 
irretrievably lost, and RI is not set. If both conditions are met, the 
received 9th data bit goes into RB8, and the first 8 data bits go into 
SBUF. One bit time later, whether the above conditions were met or 
not, the unit goes back to looking for a 1-to-0 transition at the RxD 
input. 


RxD 
P3.0M 
Output 
Function 


TXControl 


56 
TX Clock 
n 
Send 


Serial 
Port 


Interrupt 


RXCIock 
R1 
Receive 


AX Control 
Shih 


REN 
Start 
, , 
1 
1 
1 
1 
1 
m 


TxD 
P3.1 Aft 
OUlput 
Function 


RxD 


P3.0M 


Input 


Function 


54. 
151. ... 
56151. 
... 
56151 ... 
56151 .... 
56151. 
... 
56151. 
.56151. 
.. 
56151. .. 
56151. 
.56151 .... 
56151 


ALE 


~ 
Send 


TxD (Shift Clod<) 
n 
.-f1 
Write 
to SCON 
(Clear 
RI) 


~ 
.._-----------------------------------_ 
.....• 


Receive 
----------------------------------- 
•..._---- 
Shift 


RxD (Data In) 
l-- 


SUOO539 


Serial 
Port 
Interrupt 


Load 
SBUF 


Shift 


,FFH 


---" 
Write to SBUF 


LSS:P1 ~,----------------------------- 
_ 


_ RI 
__ 
-}- 


Serial 
Port 
Interrupt 


SMOD=O 
(SMOOis 
PCON.7) 


~ 
Write 
to SBUF 
L~P1r'----------------------------- 
.... 
_ 


__ 
----J-}"- 


SUOO541 


Serial 
Port 
Interrupt 


Lse:Pl •.I-----------------------------~ 
_ 


----}- 


TI --1' 
AI -i-./~-------- 


Interrupts 
The BOC51 provides 5 interrupt sources. These are shown in Rgure 
17. The Extemallnterrupts 
1J'lTlj and IIiIT1 can each be either 
level-activated or transition-activated, 
depending on bits ITOand IT1 
in Register TCON. The flags that actually generate these interrupts 
are bits IEOand IE1 in TCON. When an extemal interrupt is 
generated, the flag that generated it is cleared by the hardware 
when the service routine is vectored to only if the interrupt was 
transition-activated. 
If the interrupt was level-activated, then the 


extemal requesting source is what controls the request flag, rather 
than the on-chip hardware. 


The TImer 0 and TImer 1 Interrupts are generated by TFO and TF1, 
which are set by a rollover in their respective TImer/Counter 
registers (except see TImer 0 in Mode 3). When a ijmer interrupt is 
generated, the flag that generated it is cleared by the on-chip 
hardware when the service routine is vectored to. 


The Serial Port Interrupt is generated by the logical OR of RI and TI. 
Neither of these flags is cleared by hardware when the service 
routine is vectored to. In fact, the service routine will normally have 
to determine whether it was RI or TI that generated the interrupt, 
and the bit will have to be cleared in software. 


All of the bits that generate interrupts can be set or cleared by 
software, with the same result as though it had been set or cleared 
by hardware. That is, interrupts can be generated or pending 
interrupts can be canceled in software. 


Each of these interrupt sources can be individually enabled or 
disabled by setting or clearing a bit in Special Function Register IE 
(Figure 1B). IE also contains a global disable bit, EA, which disables 
all interrupts at once. 


Priority 
Level Structure 


Each interrupt source can also be individually programmed to one of 
two priority levels by setting or clearing a bit in Special Function 


Register IP (Figure 19). A low-priority interrupt can itself be 
interrupted by a high-priority interrupt, but not by another low-priority 
interrupt. A high-priority interrupt can't be interrupted by any other 
interrupt source. 


If two request of different priority levels are received simultaneously, 
the request of higher priority level is serviced. If requests of the 
same priority level are received simultaneously, an internal polling 
sequence determines which request is serviced. Thus within each 
priority level there is a second priority structure determined by the 
polling sequence as follows: 


Source 
Priority 
Within 
Level 


1. IEO 
(highest) 
2. TFO 
3. 
IE1 
4. TF1 
5. 
RI+TI 
(lowest) 


Note that the "priority within level" structure is only used to resolve 
simultaneous requests of the same priority level. 


The IP register contains a number of unimplemented 
bits. IP.?, IP.6, 


and IP.5 are reserved in the BOC51. User software should not write 
1s to these positions, since they may be used in other B051 Family 
products. 


How Interrupts 
Are Handled 
The interrupt flags are sampled at S5P2 of every machine cycle. 
The samples are polled during the following machine cycle. If one of 
the flags was in a set condition at S5P2 of the preceding cycle, the 
polling cycle will find it and the interrupt system will generate an 
LCALL to the appropriate service routine, provided this 
hardware-generated 
LCALL is not blocked by any of the following 
condiijons: 
1. An interrupt of equal or higher priority level is already in 


progress. 


2. The current (polling) cycle is not the final cycle in the execution 


of the instruction in progress. 


3. 
The instruction in progress is RETI or any write to the IE or IP 
registers. 


Any of these three conditions will block the generation of the LCALL 
to the interrupt service routine. Condition 2 ensures that the 
instruction in progress will be completed before vectoring to any 
service routine. Condiijon 3 ensures that if the instruction in 
progress is RETI or any access to IE or IP, then at least one more 
instrucijon will be executed before any interrupt is vectored to. 


The polling cycle is repeated with each machine cycle, and the 
values polled are the values that were present at S5P2 of the 
previous machine cycle. Note that if an interrupt flag is active but not 
being responded to for one of the above conditions, if the flag is not 
still active when the blocking condition is removed, the denied 
interrupt will not be serviced. In other words, the fact that the 
interrupt flag was once active but not serviced is not remembered. 
Every polling cycle is new. 


MSB 


BIT 
SYMBOL 
IE.? 
EA 


IE.6 
IE.5 
lEA 
ES 


IE.3 
ET1 
IE.2 
EX1 
IE.1 
ETO 
IE.O 
EXO 


FUNCTION 
Disables all interrupts. If EA=O, no interrupt will be acknowledged. 
If EA=1, each interrupt 


source is individually enabled or disabled by setting or clearing its enable bit. 
Reserved. 
Reserved. 
Enables or disables the Serial Port interrupt. If ES=O, the Serial Port interrupt is disabled. 
Enables or disables the Timer 1 Overflow interrupt. If ET1=0, the Timer 1 interrupt is disabled. 
Enables or disables External Interrupt 1. If EX1=0, Extemal interrupt 1 is disabled. 
Enables or disables the Timer 0 Over1low interrupt. If ETO=O,the Timer 0 interrupt is disabled. 
Enables or disables External interrupt o. If EXO=O,Extemal interrupt 0 is disabled. 


BIT 
SYMBOL 
FUNCTION 


IP.? 
Reserved. 
IP.6 
Reserved. 


IP.5 
Reserved. 


IPA 
PS 
Defines the Serial Port interrupt priority level. PS=1 programs it to the higher priority level. 


IP.3 
PT1 
Defines the Timer 1 interrupt priority level. PT1=1 programs it to the higher priority level. 


IP.2 
PX1 
Defines the External Interrupt 1 priority level. PX1=1 programs it to the higher priority level. 


IP.1 
PTO 
Enables or disables the Timer 0 interrupt priority level. PTO=1 programs it to the higher priority level. 


IP.O 
PXO 
Defines the External Interrupt 0 priority level. PXO=1 programs it to the higher priority level. 


I S5P2 I 
S6 
I 
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Interrupt 
Goes 
Active 


Long 
Call 
to 


Interrupt 
Vector 
Address 


The polling cycie/LCALL sequence is illustrated in Figure 20. 


Note that if an interrupt of higher priority level goes active prior to 
S5P2 of the machine cycle labeled C3 in Figure 20, then in 
accordance with the above rules it will be vectored to during C5 and 
C6, without any instruction of the lower priority routine haVing been 
executed. 


Thus the processor acknowledges an interrupt request by executing 
a hardware-generated 
LCALL to the appropriate servicing routine. In 


some cases it also clears the flag that generated the interrupt, and in 
other cases it doesn't. It never clears the Serial Port flag. This has to 
be done in the user's software. It clears an external interrupt flag 
(IEOor IE1) only if it was transition-activated. 
The 


hardware-generated 
LCALL pushes the contents of the Program 


Counter on to the stack (but it does not save the PSW) and reloads 
the PC with an address that depends on the source of the interrupt 
being vectored to, as shown below: 


Source 
IEO 
TFO 
IE1 
TF1 
RI+TI 


Vector Address 
0003H 
OOOBH 
0013H 
001BH 
0023H 


Execution proceeds from that location until the RETI instruction is 
encountered. The RETI instruction informs the processor that this 


interrupt routine is no longer in progress, then pops the top two 
bytes from the stack and reloads the Program Counter. Execution of 
the interrupted program continues from where it left off. 


Note that a simple RET instruction would also have returned 
execution to the interrupted program, but it would have left the 
interrupt control system thinking an interrupt was still in progress, 
making future interrupts impossible. 


External 
Interrupts 


The external sources can be programmed to be level-activated or 
transition-activated 
by setting or clearing bit IT1 or ITOin Register 
TCON. If ITx = 0, external interrupt x is triggered by a detected low 
at the INTx pin. If ITx = 1, external interrupt x is edge triggered. In 
this mode if successive samples of the INTx pin show a high in one 
cycle and a low in the next cycle, interrupt request flag lEx in TCON 
is set. Flag bit lEx then requests the interrupt. 


Since the external interrupt pins are sampled once each machine 
cycle, an input high or low should hold for at least 12 oscillator 
periods to ensure sampling. If the external interrupt is 
transition-activated, 
the external source has to hold the request pin 


high for at least one cycle, and then hold it low for at least one cycle. 
This is done to ensure that the transition is seen so that interrupt 
request flag lEx will be set. lEx will be automatically cleared by the 
CPU when the service routine is called. 


If the external interrupt is level-activated, the external source has to 
hold the request active until the requested interrupt is actually 
generated. Then it has to deactivate the request before the interrupt 
service routine is completed, or else another interrupt will be 
generated. 


Response 
Time 
The Tf'lTlj and ll'lTT levels are inverted and latched into IEOand IE1 
at S5P2 of every machine cycle. The values are not actually polled 
by the circuitry until the next machine cycle. If a request is active 
and conditions are right for it to be acknowledged, a hardware 
subroutine call to the requested service routine will be the next 
instruction to be executed. The call itself takes two cycles. Thus, a 
minimum of three complete rnachine cycles elapse between 
activation of an external interrupt request and the beginning of 
execution of the first instruction of the service routine. Figure 20 
shows interrupt response timings. 


A longer response time would result if the request is blocked by one 
of the 3 previously listed conditions. If an interrupt of equal or higher 
priority level is already in progress, the additional wait time obviously 
depends on the nature of the other interrupt's service routine. If the 
instruction in progress is not in its final cycle, the additional wait time 
cannot be more the 3 cycles, since the longest instructions (MUL 
and DIV) are only 4 cycles long, and if the instruction in progress is 
RETI or an access to IE or IP, the additional wait time cannot be 
more than 5 cycles (a maximum of one more cycle to complete the 
instruction in progress, plus 4 cycles to complete the next instruction 
if the instruction is MUL or DIV). 


Thus, in a single-interrupt system, the response time is always more 
than 3 cycles and less than 9 cycles. 


Single-Step 
Operation 


The 80C51 interrupt structure allows single-step execution with very 
little software overhead. As previously noted, an interrupt request 
will not be responded to while an interrupt of equal priority level is 
still in progress, nor will it be responded to after RETI until at least 


one other instruction has been executed. Thus, once an interrupt 
routine has been entered, it cannot be re-entered until at least one 
instruction of the interrupted program is executed. One way to use 
this feature for single-step operation is to program one of the 
external interrupts (e.g., Tf'lTlj) to be level-activated. The service 
routine for the interrupt will terminate with the following code: 


JNB 
P3.2,$ 
;Wait Till Tf'lTlj Goes High 


JB 
P3.2,$ 
;Wait Till Tf'lTlj Goes Low 


RETI 
;Go Back and Execute One Instruction 


Now if the Tf'lTlj pin, which is also the P3.2 pin, is held normally low, 
the CPU will go right into the Extemal Interrupt 0 routine and stay 
there until Tf'lTlj is pulsed (from low to high to low). Then it will 
execute RETI, go back to the task program, execute one instruction, 
and immediately re-enter the External Interrupt 0 routine to await the 
next pulsing of P3.2. One step of the task program is executed each 
time P3.2 is pulsed. 


Reset 
The reset input is the RST pin, which is the input to a Schmitt 
Trigger. A reset is accomplished by holding the RST pin high for at 
least two machine cycles (24 oscillator periods), while the oscillator 
is running. The CPU responds by generating an intemal reset, with 
the timing shown in Figure 21. 


The extemal reset signal is asynchronous to the internal clock. The 
RST pin is sampled during State 5 Phase 2 of every machine cycle. 
The port pins will maintain their current activities for 19 oscillator 
periods after a logic 1 has been sampled at the RST pin; that is, for 
19 to 31 oscillator periods after the external reset signal has been 
applied to the RST pin. 


The internal reset algorithm writes Osto all the SFRs except the port 
latches, the Stack Pointer, and SBUF. The port latches are initialized 
to FFH, the Stack Pointer to 07H, and SBUF is indeterminate. Table 
1 lists the SFR reset values. The internal RAM is not affected by 
reset. On power up the RAM content is indeterminate. 


REGISTER 
RESET VALUE 


PC 
OOOH 


ACC 
OOH 


B 
OOH 


PSW 
OOH 


SP 
07H 


DPTR 
OOOOH 


Po-P3 
FFH 


IP 
XXXOOOOOB 


IE 
OXXOOOOOB 


TMOD 
OOH 


TCON 
OOH 


THO 
OOH 


TLO 
OOH 


TH1 
OOH 


TL1 
OOH 


SCaN 
OOH 


SBUF 
Indeterminate 


PCON (NMOS) 
OXXXXXXXB 


PCON (CMOS) 
OXXXOOOOB 


J.--. 
12 Osc. 
Periods 


I 
S6 
I 
S1 
I S2 I 
s31 
s41 


I I I I I I I I I I 
f. 
t-v-' 


Sample 
RST 


------l 


S5 I 
s61 
Sl I S2 I 
S3 1 
S4 1 
S5 I 


Power-on 
Reset 
An automatic reset can be obtained when Vee is turned on by 


connecting the RST pin to Vee through a 1O!!f capacitor and to Vss 
through an 8.2k resistor, providing the Vee rise time does not 
exceed 1 millisecond and the oscillator start-up time does not 
exceed 10 milliseconds. This power-on reset circuit is shown in 
Figure 22. The CMOS devices do not require the 8.2k pulldown 
resistor, although its presence does no hann. 


When power is tumed on, the circuit holds the RST pin high for an 
amount of time that depends on the value of the capacitor and the 
rate at which it charges. To ensure a good reset, the RST pin must 
be high long enough to allow the oscillator time to start-up (normally 
a few ms) plus two machine cycles. 


Note that the port pins will be in a random state until the oscillator 
has started and the intemal reset algorithm has written Is to them. 


With this circuit, reducing Vee quickly to 0 causes the RST pin 
voltage to momentarily fall below OV.However, this voltage is 
intemally limited, and will not hann the device. 


Power-Saving 
Modes of Operation 
For applications where power consumption is critical the CMOS 
version provides power reduced modes of operation as a standard 
feature. The power down mode in NMOS devices is no longer a 
standard feature. 


CMOS Power Reduction 
Mode 


CMOS versions have two power reducing modes, Idle and Power 
Down. The input through which backup power is supplied during 
these operations is Vee. Figure 23 shows the internal circuitry which 
implements these features. In the Idle modes (IDL; 
1), the oscillator 
continues to run and the Interrupt, Serial Port, and Timer blocks 
continue to be clocked, but the clock signal is gated off to the CPU. 
In Power Down (PD; 
1), the oscillator is frozen. The Idle and Power 
Down Modes are activated by setting bits in Special Function 
Register PCON. The address of this register is 87H. Figure 24 
details its contents. 


In the NMOS devices the PCON register only contains SMOD. The 
other four bits are implemented only in the CMOS devices. User 


software should never write 1s to unimplemented 
bits, since they 


may be used in other 80C51 Family products. 


Idle Mode 
An instruction that sets PCON.O causes that to be the last 
instruction executed before going into the Idle mode, the internal 
clock signal is gated off to the CPU but not to the Interrupt, Timer, 
and Serial Port functions. The CPU status is preserved in its 
entirety; the Stack Pointer, Program Counter, Program Status Word, 
Accumulator, and all other registers maintain their data during Idle. 
The port pins hold the logical states they had at the time Idle was 
activated. ALE and J5SEi/ hold at logic high levels. 


There are two ways to tenninate the Idle. Activation of any enabled 
interrupt will cause PCON.O to be cleared by hardware, tenninating 
the Idle mode. The interrupt will be serviced, and following RETI, the 
nex1 instruction to be executed will be the one following the 
instruction that put the device into Idle. 


The flag bits GFO and GF1 can be used to give an indication if an 
interrupt occurred during nonnal operation or during an Idle. For 
example, an instruction that activates Idle can also set one or both 
flag bits. When Idle is tenninated by an interrupt, the interrupt 
service routine can examine the flag bits. The other way of 
tenninating the Idle mode is with a hardware reset. Since the clock 
oscillator is still running, the hardware reset needs to be held active 
for only two machine cycles (24 oscillator periods) to complete the 
reset. 


The signal at the RST pin clears the IDL bit directly and 
asynchronously. At this time the CPU resumes program execution 
from where it left off; that is, at the instruction following the one that 
invoked the Idle Mode. As shown in Figure 21, two or three machine 
cycles of program execution may take place before the internal reset 
algorithm takes control. On-ehip hardware inhibits access to the 
intemal RAM dUring this time, but access to the port pins is not 
inhibited, so, the insertion of 3 NOP instructions is recommended 
following the instruction that invokes idle mode. To eliminate the 
possibility of unexpected outputs at the port pins, the instruction 
following the one that invokes Idle should not be one that writes to a 
port pin or to ex1ernal Data RAM. 
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vCC~ 
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BOGS1 
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XTAl2 
XTAL1 


Interrupt, 
Serial 
Port. 


Timer 
Blocks 


SYMBOL 
SMOD 
FUNCTION 
Double Baud rate bit. When set to a 1 and Timer 1 is used to generate baud rate, and the Seri- 
al Port is used in modes 1, 2, or 3. 
Reserved. 
Reserved. 
Reserved. 
General-purpose flag bit. 
General-purpose 
flag bit. 


Power-Down bit. Setting this bit activates power-down operation. 
Idle mode bit. Setting this bit activate idle mode operation. 


PCON.S 
PCON.5 
PCON.4 


PCON.3 
PCON.2 
PCON.1 
PCON.O 


If 1s are written to PD and IDL at the same time, PD takes precedence. The reset value of PCON is (OXXXOOOO). 
In the NMOS devices, the PCON register only contains SMOD. The other four bits are implemented only in the CMOS 
devices. User software should never write 1s to unimplemented bits, since they may be used in future products. 


Power-Down 
Mode 
An instruction that sets PCON.1 causes that to be the last 
instruction executed before going into the Power Down mode. In the 
Power Down mode, the on-chip oscillator is stopped. With the clock 
frozen, all functions are stopped, the contents of the on-chip RAM 
and Special Function Registers are maintained. The port pins output 
the values held by their respective SFRs. The ALE and f'SEIiI 
output are held low. 


The only exit from Power Down is a hardware reset. Reset redefines 
all the SFRs, but does not change the on-chip RAM. 


In the Power Down mode of operation, Vcc can be reduced to as 
low as 2V. Care must be taken, however, to ensure that Vcc is not 
reduced before the Power Down mode is invoked, and that Vcc is 
restored to its normal operating level, before the Power Down mode 
is terminated. The reset that terminates Power Down also frees the 
oscillator. The reset should not be activated before Vcc is restored 
to its normal operating level, and must be held active long enough to 
allow the oscillator to restart and stabilize (normally less than 1Oms). 


ONCE Mode 
The ONCE ("on-circuit emulation") mode facilitates testing and 
debugging of systems using the device without the device having to 
be removed from the circuit. The ONCE mode is invoked by: 
1. Pull ALE low while the device in in reset and f'SEIiI is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in the ONCE mode, the Port 0 pins go into a float 
state, and the other pert pins and ALE and f'SEIiI are weakly pulled 
high. The oscillator circuit remains active. While the device is in this 
mode, an emulator or test CPU can be used to drive the circuit. 
Normal operation is restored after a normal reset is applied. 


NMOS Version 
The on-Chip oscillator circuitry for the NMOS members of the BOC51 
family is a single stage linear inverter (Figure 25), intended for use 
as a crystal-controlled, 
positive reactance oscillator (Figure 26). In 


this application the crystal is operated in its fundamental response 
mode as an inductive reactance in parallel resonance with 
capacitance external to the crystal. 


The crystal specifications and capacitance values (C1 and C2 in 
Figure 26) are not critical. 30pF can be used in these positions at 


any frequency with good quality crystals. A ceramic resonator can 
be used in place of the crystal in cost-sensitive applications. When a 
ceramic resonator is used, C1 and C2 are normally selected to be of 
somewhat higher values, typically, 47pF. The manufacturer of the 
ceramic resonator should be consulted for recommendation 
on the 


values of these capacitors. 


To drive the NMOS parts with an external clock source, apply the 
external clock signal to XTAL2, and ground XTAL 1, as shown in 
Figure 27. A pullup resistor may be used (to increase noise margin), 
but is optional if VOH of the driving gate exceeds the VIH minimum 
specification of XTAL. 


CMOS Versions 
The on-chip oscillator circuitry for the BOC51, shown in Figure 2B, 
consists of a single stage linear inverter intended for use as a 
crystal-controlled, 
positive reactance oscillator in the same manner 


as the NMOS parts. However, there are some important differences. 


One difference is that the BOC51 is able to turn off its oscillator 
under software control (by writing a 1 to the PO bit in PCON). 
Another difference is that, in the BOC51, the intemal clocking 
circuitry is driven by the signal at XTAL 1, whereas in the NMOS 
versions it is by the signal at XTAL2. 


The feedback resistor Rt in Figure 2B consists of paralleled n- and 
p-channel FETs controlled by the PO bit, such that Rf is opened 
when PO = 1. The diodes 01 and 02, which act as clamps to Vcc 
and Vss, are parasitic to the Rt FETs. The oscillator can be used 
with the same external components as the NMOS versions, as 
shown in Figure 29. Typically, C1 = C2 = 30pF when the feedback 
element is a quartz crystal, and C1 = C2 = 47pF when a ceramic 
resonator is used. 


When a crystal is used at frequencies above 25MHz, C1 and C2 
should be in the range of 20pF to 25pF. 


To drive the CMOS parts with an external clock source, apply the 
external clock signal to XTAL1, and leave XTAL2 float, as shown in 
Figure 30. 


The reason for this change from the way the NMOS part is driven 
can be seen by comparing Figures 26 and 2B. In the NMOS devices 
the internal timing circuits are driven by the signal at XTAL2. In the 
CMOS devices the internal timing circuits are driven by the signal at 
XTAL1. 


TO INTERNAL 
TIMINGCIR· 
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EXTERNAL 
OSCILLATOR 
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OSCILLATOR 
XTAL 1 
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Internal Timing 
Figures 31 through 34 show when the various strobe and port 
signals are clocked internally. The figures do not show rise and fall 
times of the signals, nor do they show propagation delays between 
the XTAL2 signal and events at other pins. 


Rise and fall times are dependent on the external loading that each 
pin must drive. They are often taken to be something in the 
neighborhood of 10ns, measured between O.BVand 2.0V. 


Propagation delays are different for different pins. For a given pin 
they vary with pin loading, temperature, Vcc, and manufacturing lot. 
If the XTAL2 waveform is taken as the timing reference, prop delays 
may vary up to ±200%. 


The AC Timings section of the data sheets do not reference any 
timing to the XTAL2 waveform. Rather, they relate the critical edges 
of control and input signals to each other. The timings published in 
the data sheets include the effects of propagation delays under the 
specified test conditions. 


80C51 Pin Descriptions 
ALEIPROG: Address Latch Enable output pulse for latching the low 
byte of the address during accesses to external memory. ALE is 
emitted at a constant rate of 1/6 of the oscillator frequency, for 
external timing or clocking purposes, even when there are no 
accesses to external memory. (However, one ALE pulse is skipped 
during each access to external Data Memory.) This pin is also the 
program pulse input (PROG) during EPROM programming. 


J5SEN: Program Store Enable is the read strobe to external Program 
Memory. When the device is executing out of external Program 


Memory, PSEN is activated twice each machine cycle (except that 
two PSEN activations are skipped during accesses to external Data 
Memory). PSEN is not activated when the device is executing out of 
internal Program Memory. 


~pp: 
When EA is held high the CPU executes out of internal 


Program Memory (unless the Program Counter exceeds OFFFH in 
the BOC51). Holding EA low forces the CPU to execute out of 
external memory regardless of the Program Counter value. In the 
BOC31, EA must be externally wired low. In the EPROM devices, 
this pin also receives the programming supply voltage (Vpp) during 
EPROM programming. 


XTAL 1: Input to the inverting oscillator amplifier. 


XTAL2: Output from the inverting oscillator amplifier. 


Port 0: Port 0 is an 8-bit open drain bidirectional port. As an open 
drain output port, it can sink eight LS TTL loads. Port 0 pins that 
have 1s written to them float, and in that state will function as high 
impedance inputs. Port 0 is also the multiplexed low-order address 
and data bus during accesses to external memory. In this application 
it uses strong internal pullups when emitting 1s. Port 0 emits code 
bytes during program verification. In this application, external pullups 
are required. 


Port 1: Port 1 is an 8-bit bidirectionalI/O 
port with internal pullups. 


Port 1 pins that have 1s written to them are pulled high by the 
internal pullups, and in that state can be used as inputs. As inputs, 
port 1 pins that are externally being pulled low will source current 
because of the internal pullups. 


Port 2: Port 2 is an B-bit bidirectional 1/0 port with internal pullups. 
Port 2 emits the high-order address byte during accesses to external 
memory that use 16-bit addresses. In this application, it uses the 
strong internal pullups when emitting 1s. 


Port 3: Port 3 is an B-bit bidirectional 1/0 port with internal pullups. It 
also serves the functions of various special features of the BOC51 
Family as follows: 


Port Pin 
P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 
P3.7 


Alternate 
Function 


RxD (serial input port) 
TxD (serial output port) 
Jmlj (external interrupt 0) 
JIilTT (external interrupt 1) 
TO (timer 0 external input) 
Tl (timer 1 external input) 
WR (external data memory write strobe) 
"RU(external data memory read strobe) 


Vcc: Supply voltage 


Vss: Circuit ground potential 
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Program 
Memory 
The 80C51 has separate address spaces for program and data 
memory. The Program memory can be up to 64k bytes long. The 
lower 4k can reside on-chip. Figure 1 shows a map of the 80C51 
program memory. 


The 80C51 can address up to 64k bytes of data memory to the chip. 
The MOVX instruction is used to access the external data memory. 


The 80C51 has 128 bytes of on-chip RAM, plus a number of Special 
Function Registers (SFRs). The lower 128 bytes of RAM can be 
accessed either by direct addressing (MOV data addr) or by indirect 
addressing (MOV @Ri). Figure 2 shows the Data Memory 
organization. 


Direct and Indirect 
Address 
Area 


The 128 bytes of RAM which can be accessed by both direct and 
indirect addressing can be divided into three segments as listed 
below and shown in Figure 3. 
1. Register Banks 0-3: Locations 0 through 1FH (32 bytes). The 


device after reset defaults to register bank O.To use the other 
register banks, the user must select them in software. Each 


register bank contains eight 1-byte registers 0 through 7. Reset 
initializes the stack pointer to location 07H, and it is incremented 
once to start from location 08H, which is the first register (RO) of 
the second register bank. Thus, in order to use more than one 
register bank, the SP should be initialized to a different location 
of the RAM where it is not used for data storage (I.e., the higher 
part of the RAM). 


2. 
Bit Addressable Area: 16 bytes have been assigned for this 
segment, 20H-2FH. Each one of the 128 bits of this segment can 
be directly addressed (0-7FH). The bits can be referred to in two 
ways, both of which are acceptable by most assemblers. One 
way is to refer to their address (I.e., 0-7FH). The other way is 
with reference to bytes 20H to 2FH. Thus, bits 0-7 can also be 
referred to as bits 20.0-20.7, and bits 8-FH are the same as 
21.0-21.7, and so on. Each olthe 
16 bytes in this segment can 


also be addressed as a byte. 


3. 
Scratch Pad Area: 30H through 7FH are available to the user as 
data RAM. However, if the stack pointer has been initialized to 
this area, enough bytes should be left aside to prevent SP data 
destruction. 
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SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET VALUE 
ADDRESS 
MSB 
LSB 


ACC· 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B· 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR 
Data pointer (2 by- 
tes) 


DPH 
Data pointer high 
83H 
OOH 


DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE· 
Interrupt enable 
A8H 
EA 
1 
- 
I 
- 
I 
ES 
1 
ET1 I EX1 
1 
ETO 
1 
EXO 
OxOOOOOOB 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


Ip· 
Interrupt priority 
B8H 
- 
I - 
I - 
1 
PS 
I PT1 
1 
PX1 
1 
PTO I PXO 
xxOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO· 
PortO 
80H 
AD7 I AD6 I AD5 I AD4 I AD3 I AD2 I AD1 
1 ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1· 
Port 1 
90H 
- 
1 
- 
1 
- 
I 
- 
1 
- 
I 
- 
I T2EX 
1 
T2 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2· 
Port 2 
AOH 
A15 I A14 
I 
A13 
1 
A12 
I 
A11 
1 
A10 
1 
A9 
1 
AS 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3· 
Port 3 
BOH 
001 
WR 
1 
T1 
I 
TO 
1 ll'JTf 
I II'JTO 
1 
TxD 
1 
Rxd 
FFH 


PCON' 
Power control 
87H 
SMOD 
1 
- 
1 
- 
I - 
1 
GF1 
I 
GFO 
1 
PD 
1 
IDL 
OxxxxxxxB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW· 
Program status word 
DOH 
CY 
1 
AC 
1 
FO I RS1 I RSO I 
OV 
1 
- 
1 
P 
OOH 


SBUF 
Serial data buffer 
99H 
xxxxxxxxB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCON" 
Serial controller 
98H 
SMO 
1 SM1 
1 SM2 
I 
REN 
1 
TB8 
I 
RB8 
I 
TI 
I 
RI 
OOH 


SP 
Stack pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON" 
Timer control 
88H 
TF1 
1 
TR1 
1 
TFO 
1 
TRO 
1 
IE1 
1 
IT1 I 
IEO 
1 
ITO 


THO 
Timer high 0 
8CH 
OOH 


TH1 
Timer high 1 
8DH 
OOH 


TLO 
Timer low 0 
8AH 
OOH 


TL1 
Timer low 1 
8BH 
OOH 


TMOD 
Timer mode 
89H 
GATE I 
CiT 
I 
M1 
I 
MO I GATE I 
ciT 
I 
M1 
1 
MO 
OOH 


NOTES: 
• 
Bit addressable 
1. Bits GF1, GFO, PD, and IDL of the PCON register are not implemented on the NMOS 8051/8031. 
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B 


ACC 


psw 


IP 


P3 


IE 


P2 


SCON 
SBUF 


Pl 


TCON 
TMOD 
TlO 
Tl1 
THO 
THl 


PO 
SP 
DPl 
DPH 
PeON 


f 
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Those SFRs that have their bits assigned for various functions are listed in this section. A brief description of each bit is 
provided for quick reference. For more detailed information refer to the Architecture Chapter of this book. 


PSW: PROGRAM 
STATUS WORD. 
BIT ADDRESSABLE. 


FO 
I 
RS1 I 
RSO 
CY 
AC 


CY 
PSW.7 


AC 
PSW.6 


FO 
PSW.5 


RS1 
PSW.4 


RSO 
PSW.3 


OV 
PSW.2 


PSW.1 


P 
PSW.O 


Carry Flag. 


Auxiliary Carry Flag. 


Flag 0 available to the user for general purpose. 


Register Bank selector bit 1 (SEE NOTE 1). 


Register Bank selector bit 0 (SEE NOTE 1). 


Overflow Flag. 


Usable as a general purpose flag. 


Parity flag. Set/cleared by hardware each instruction cycle to indicate an odd/even number of '1' bus in 
the accumulator. 
NOTE: 
1. Thevaluepresentedby ASOand AS1selectsthe correspondingregisterbank. 


RS1 
RSO 
REGISTERBANK 
ADDRESS 


0 
0 
0 
OOH-07H 


0 
1 
1 
08H-OFH 


1 
0 
2 
10H-17H 


1 
1 
3 
18H-1FH 


1 SMOD 
1 
______ 
1 
GF1 
I_G_F_O__ 
P_D__ 
'D_L~ 


SMOD 
Double baud rate bit. If Timer 1 is used to generate baud rate and SMOD = 1,the baud rate is doubled when the Serial 


Port is used in modes 1, 2, or 3. 


Not implemented, reserved for future use: 


Not implemented reserved for future use.· 


Not implemented reserved for future use.· 


GF1 
General purpose flag bit. 


GFO 
General purpose flag bit. 


PD 
Power Down Bit. Setting this bit activates Power Down operation in the 80C51. (Available only in CMOS.) 


IDL 
Idle mode bit. Setting this bit activates Idle Mode operation in the 80C51. (Available only in CMOS.) 


If ls are written to PD and IDL at the same time, PD takes precedence. 
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To use any of the interrupts 
in the 80C51 
Family, 
the following 
three 
steps 
must be taken. 


1. Set the EA (enable all) bit in the IE register to 1. 


2. Set the corresponding 
individual interrupt enable bit in the IE register to 1. 


3. Begin the interrupt service routine at the corresponding 
Vector Address of that interrupt. See Table below. 


INTERRUPT SOURCE 
VECTOR ADDRESS 


lED 
0OO3H 


TFO 
OOOBH 


IE1 
0013H 


TF1 
001BH 


RI &TI 
0023H 


In addition, 
for external 
interrupts, 
pins INTO and INT1 (P3.2 
and P3.3) 
must be set to 1, and depending 
on whether 
the 


interrupt 
is to be level or transition 
activated, 
bits ITO or IT1 in the TCON 
register 
may need to be set to 1. 


ITx = 0 level activated 


ITx = 1 transition 
activated 


ES 
I 
ET1 I 
EX1 I 
ETO I 
EXO 


Disables 
all interrupts. 
If EA = 0, no interrupt 
will be acknowledged. 
If EA = 1, each interrupt 
source 
is 


individually 
enabled 
or disabled 
by setting 
or clearing 
its enable 
bit. 


Not implemented, 
reserved 
for future 
use. * 


Enable 
or disable 
the serial 
port interrupt. 


Enable 
or disable 
the Timer 
1 overflow 
interrupt. 


Enable 
or disable 
External 
Interrupt 
1. 


Enable 
or disable 
the Timer 
0 overflow 
interrupt. 


Enable 
or disable 
External 
Interrupt 
O. 
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In order to assign 
higher 
priority 
to an interrupt 
the corresponding 
bit in the IP register 
must be set to 1. 


Remember 
that while 
an interrupt 
service 
is in progress, 
it cannot 
be interrupted 
by a lower 
or same 
level interrupt. 


Priority 
within 
level is only to resolve 
simultaneous 
requests 
of the same 
priority 
level. 


From high to low, interrupt 
sources 
are listed 
below: 


IEO 
TFO 
IE1 
TF1 
RlorTI 


IP: INTERRUPT 
PRIORITY 
REGISTER. 
BIT ADDRESSABLE. 


If the bit is 0, the corresponding 
interrupt 
has a lower 
priority 
and if the bit is 1 the corresponding 
interrupt 
has a higher 
priority. 


PS 
I 
PT1 
I 
PX1 
I 
PTO 
I 
PXO 


Not implemented, 
reserved 
for future 
use.* 


Not implemented, 
reserved 
for future 
use.' 


Not implemented, 
reserved 
for future 
use.' 


Defines 
the Serial 
Port interrupt 
priority 
level. 


Defines 
the Timer 
1 interrupt 
priority 
level. 


Defines 
External 
Interrupt 
1 priority 
level. 


Defines 
the Timer 
0 interrupt 
priority 
level. 


Defines 
the External 
Interrupt 
0 priority 
level. 
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I 
TF1 
TR1 


TF1 
TCON.? 


TR1 
TCON.6 


TFO 
TCON.S 


TRO 
TCONA 


IE1 
TCON.3 


IT1 
TCON.2 


IEO 
TCON.1 


ITO 
TCON.O 


TFO 
I_T_R_o~_IE_1 __ 
1_T1 
IE_O 
__ 
IT_O_ 


Timer 1 overflow flag. Set by hardware when the Timer/Counter 1 overflows. Cleared by hardware as 
processor vectors to the interrupt service routine. 


Timer 1 run control bit. Set/cleared by software to turn Timer/Counter lON/OFF. 


Timer 0 overflow flag. Set by hardware when the Timer/Counter 0 overflows. Cleared by hardware as 
processor vectors to the service routine. 


Timer 0 run control bit. Set/cleared by software to turn Timer/Counter 0 ON/OFF. 


External Interrupt 1 edge flag. Set by hardware when External Interrupt edge is detected. Cleared by 
hardware when interrupt is processed. 


Interrupt 1 type control bit. Set/cleared by software to specify falling edge/low level triggered External 
Interrupt. 


External Interrupt 0 edge flag. Set by hardware when External Interrupt edge detected. Cleared by 
hardware when interrupt is processed. 


Interrupt 0 type control bit. Set/cleared by software to specify falling edge/low level triggered External 
Interrupt. 


TMOD: 
TIMER/COUNTER 
MODE CONTROL 
REGISTER. 
NOT BIT ADDRESSABLE. 
I GATE 
~ 
M1 
MO I 
GATE I err 
M1 
MO I 


'--------..........--------/ 
'---------....,...-- 
./ 


Timer 1 
Timer 0 


GATE 
When TRx (in TCON) is set and GATE = 1,TIMERlCOUNTERx will run only while INTx pin is high (hardware control). 
When GATE = 0, TIMER/COUNTERx will run only while TRx = 1 (software control). 
crr 
Timer or Counter selector. Cleared for Timer operation (input from internal system clock). Set for Counter operation 
(input from Tx input pin). 


M1 
Mode selector bit. (NOTE 1) 


MO 
Mode selector bit. (NOTE 1) 


NOTE 1: 


Operating Mode 


o 
13-bitTimer(8048compatible) 


1 
16-bitTimer/Counter 


2 
8-bitAuto-ReloadTimer/Counter 


3 
(Timer0)TLOis an 8-bilTimer/Countercontrolledbythe standartTimer0 
controlbits.THOis an8-bitTimerandis controlledbyTimer1controlbits. 


3 
(Timer1)Timer/Counter1stopped. 
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TIMER SET-UP 


Tables 2 through 5 give some values for TMOD which can be used to set up Timer 0 in different modes. 


It is assumed that only one timer is being used at a time. If it is desired to run Timers 0 and 1 simultaneously, in any mode, the 
value in TMOD for Timer 0 must be ORed with the value shown for Timer 1 (Tables 5 and 6). 


For example, if it is desired to run Timer 0 in mode 1 GATE (external control), and Timer 1 in mode 2 COUNTER, then the value 
that must be loaded into TMOD is 69H (09H from Table 2 ORed with 60H from Table 5). 


Moreover, it is assumed that the user, at this point, is not ready to turn the timers on and will do that at a different point in the 
program by setting bit TRx (in TCON) to 1. 


TMOD 


MODE 
TIMER 0 
INTERNAL 
EXTERNAL 


FUNCTION 
CONTROL 
CONTROL 


(NOTE 1) 
(NOTE 2) 


0 
13-bit Timer 
OOH 
OBH 


1 
16-bit Timer 
01H 
09H 


2 
B-bit Auto-Reload 
02H 
OAH 


3 
Two B-bit Timers 
03H 
OBH 


TMOD 


MODE 
COUNTER 0 
INTERNAL 
EXTERNAL 


FUNCTION 
CONTROL 
CONTROL 


(NOTE 1) 
(NOTE 2) 


0 
13-bit Timer 
04H 
OCH 


1 
16-bit Timer 
OSH 
ODH 


2 
B-bit Auto-Reload 
06H 
OEH 


3 
One B-bit Counter 
07H 
OFH 


NOTES: 
1. The timer is turned ON/OFF by setting/clearing 
bit TRO in the software. 
2. 
The Timer is turned ON/OFF by the 1-to-0 transition on fIIITlj (P3.2) when TRO = 1 (hardware control). 
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TMOD 


MODE 
TIMER 1 
INTERNAL 
EXTERNAL 


FUNCTION 
CONTROL 
CONTROL 


(NOTE 1) 
(NOTE 2) 


0 
13-bi! Timer 
OOH 
80H 


1 
16-bit Timer 
10H 
90H 


2 
8-bit Auto-Reload 
20H 
AOH 


3 
Does not run 
30H 
BOH 


TMOD 


MODE 
COUNTER 1 
INTERNAL 
EXTERNAL 


FUNCTION 
CONTROL 
CONTROL 


(NOTE 1) 
(NOTE 2) 


0 
13-bi! Timer 
40H 
COH 


1 
16-bit Timer 
SOH 
DOH 


2 
8-bit Auto-Reload 
60H 
EOH 


3 
Not available 
- 
- 


NOTES: 
1. The tmer is turned ON/OFF by setting/clearing 
bit TRl 
in the software. 


2. 
The Timer is turned ON/OFF by the 1-10-0transiton 
on TJiITT(P3.2) when TR1 = 1 (hardware control). 
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I SMO 


SMO 


SM1 


SM2 


REN 


TB8 


RB8 


8M1 18M2 I REN I TBa I RBa I_T_I ~_R_I _ 


SCON.? 


SCON.6 


SCON.5 


SCON.4 


SCON.3 


SCON.2 


Serial 
Port mode 
specifier. 
(NOTE 
1) 


Serial 
Port mode 
specifier. 
(NOTE 
1) 


Enables 
the multiprocessor 
communication 
feature 
in modes 
2 & 3. In mode 2 or 3, if SM2 is set to 1 then 


RI will not be activated 
if the received 
9th data bit (RB8) 
is 0. In mode 
1, if SM2 = 1 then 
RI will not be 


activated 
if a valid stop bit was not received. 
In mode 
0, SM2 should 
be 0. (See Table 6.) 


SeVCleared 
by software 
to Enable/Disable 
reception. 


The 9th bit that will be transmitted 
in modes 
2 & 3. SeVCleared 
by software. 


In modes 
2 & 3, is the 9th data bit that was received. 
In mode 
1, if SM2 = 0, RB8 is the stop bit that was 


received. 
In mode 
0, RB8 is not used. 


Transmit 
interrupt 
flag. Set by hardware 
at the end of the 8th bit time in mode 0, or at the beginning 
of the 


stop bit in the other 
modes. 
Must be cleared 
by software. 


Receive 
interrupt 
flag. Set by hardware 
at the end of the 8th bit time in mode 
0, or halfway 
through 
the 
stop bit time in the other 
modes 
(except 
see SM2). 
Must be cleared 
by software. 


Mode 
o 


1 


2 
3 


Description 
Shift Register 


8-bitUART 


9-bitUART 


9-bitUART 


Baud Rate 


Fosc/12 
Variable 


Fosc./64 or Fosc/32 
Variable 


MODE 
SCaN 
SM2 VARIATION 


0 
10H 
Single Processor 
1 
SOH 


2 
90H 
Environment 


3 
DOH 
(SM2=O) 


0 
NA 
Multiprocessor 
1 
70H 


2 
SOH 
Environment 


3 
FOH 
(SM2=1) 


Mode ° has a fixed 
baud 
rate which 
is 1/12 of the oscillator 
frequency. 
To run the serial 
port in this mode 
none 
of the 


Timer/Counters 
need to be set up. Only the SCON 
register 
needs 
to be defined. 


Baud 
Rate 
= Osc 
Freq 
12 
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For this purpose, TImer 1 is used in mode 2 (Auto-Reload). Refer to TImer Setup section of this chapter. 


K x Osc Freq 
Baud Rate 
= 32 x 12 x [256 - 
(TH1)) 


If SMOD = 0, then K = 1. 
If SMOD = 1, then K = 2 (SMOD is in the PCON register). 


Most of the time the user knows the baud rate and needs to know the reload value for TH 1. 


TH1 
= 256 _ 
K x Osc Freq 
384 x baud rate 


THl must be an integer value. Rounding off THl to the nearest integer may not produce the desired baud rate. In this case, the 
user may have to choose another crystal frequency. 


Since the PCON register is not bit addressable, one way to set the bit is logical ORing the PCON register (Le., ORL 
PCON,#80H). The address of PCON is 87H. 


SERIAL 
PORT IN MODE 2: 


The baud rate is fixed in this mode and is 1/32 or 1/64 of the oscillator frequency, depending on the value of the SMOD bit in 
the PCON register. 


In this mode none of the TImers are used and the clock comes from the internal phase 2 clock. 


SMOD = 1, Baud Rate = 1/32 Osc Freq. 


SMOD = 0, Baud Rate = 1/64 Osc Freq. 


To set the SMOD bit: ORL 
PCON,#80H. The address of PCON is 87H. 


80C51 family programmer's 
guide 
and instruction 
set 


80C51 Instruction 
Set Summary 


Interrupt Response Time: Refer to Hardware Description Chapter. 


Instructions 
that Affect 
Flag Settings(1) 


Instruction 
Flag 
Instruction 
Flag 


C 
OV 
AC 
C 
OV 
AC 
ADD 
X 
X 
X 
CLRC 
0 
AD DC 
X 
X 
X 
CPLC 
X 
SUBB 
X 
X 
X 
ANLC,bit 
X 
MUL 
0 
X 
ANL C,lbit 
X 
DIV 
0 
X 
ORLC,bit 
X 
DA 
X 
ORL C,lbit 
X 
RRC 
X 
MOVC,bit 
X 
RLC 
X 
CJNE 
X 
SETBC 
1 


Rn 


direct 


@Ri 


#data 


#data 16 


addr 16 


Notes on instruction 
set and addressing 
modes: 


Register R7-RO of the currently selected Register Bank. 


8-bit intemal data location's address. This could be an Intemal Data RAM location (O-127) or a SFR [i.e., 1/0 port, 
control register, status register, etc. {128-255l]. 


8-bit internal data RAM location (O-255) addressed indirectly through register R1 or RO. 


8-bit constant included in the instruction. 


16-bit constant included in the instruction 


16-bit destination address. Used by LCALL and LJMP. A branch can be anywhere within the 64k-byte Program 
Memory address space. 


11-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2k-byte page of 
program memory as the first byte of the following instruction. 


Signed (two's complement) 8-bit offset byte. Used by SJMP and all conditional jumps. Range is -128 to +127 
bytes relative to first byte of the following instruction. 


Direct Addressed bit in Internal Data RAM or Special Function Register. 


ARITHMETIC 
OPERATIONS 


ADD 
A,Rn 


ADD 
A,direct 


ADD 


ADD 


ADDC 


AD DC 


ADDC 


ADDC 


SUBB 


SUBB 


SUBB 


SUBB 


INC 


INC 


A,@Ri 


A,#data 


A,Rn 


A,direct 


A,@Ri 


A,#data 


A,Rn 


A,direct 


A,@Ri 


A,#data 


A 


Add register to Accumulator 


Add direct byte to Accumulator 


Add indirect RAM to Accumulator 


Add immediate data to Accumulator 


Add register to Accumulator with carry 


Add direct byte to Accumulator with carry 


Add indirect RAM to Accumulator with carry 


Add immediate data to Ace with carry 


Subtract Register from Aee with borrow 


Subtract direct byte from Aee with borrow 


Subtract indirect RAM from Ace with borrow 


Subtract immediate data from Ace with borrow 


Increment Accumulator 


BYTE 
OSCILLATOR 
PERIOD 


1 
12 


2 
12 


1 
12 


2 
12 


1 
12 


2 
12 


1 
12 


2 
12 


1 
12 


2 
12 


1 
12 


2 
12 


1 
12 


1 
12 
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Table 7. 
80C51 Instruction 
Set Summary 
(Continued) 


MNEMONIC 
DESCRIPTION 
BYTE 
OSCILLATOR 
PERIOD 


ARITHMETIC OPERATIONS (Continued) 


INC 
direct 
Increment direct byte 
2 
12 


INC 
@Ri 
Increment indirect RAM 
1 
12 


DEC 
A 
Decrement Accumulator 
1 
12 


DEC 
Rn 
Decrement Register 
1 
12 


DEC 
direct 
Decrement direct byte 
2 
12 


DEC 
@Ri 
Decrement indirect RAM 
12 


INC 
DPTR 
Increment Data Pointer 
24 


MUL 
AB 
Multiply A and B 
48 


DIV 
AB 
Divide A by B 
48 


DA 
A 
Decimal Adjust Accumulator 
12 


LOGICAL OPERATIONS 


ANL 
A,Rn 
AND Register to Accumulator 
12 


ANL 
A,direct 
AND direct byte to Accumulator 
2 
12 


ANL 
A,@Ri 
AND indirect RAM to Accumulator 
1 
12 


ANL 
A,#data 
AND immediate data to Accumulator 
2 
12 


ANL 
direct,A 
AND Accumulator to direct byte 
2 
12 


ANL 
direct,#data 
AND immediate data to direct byte 
3 
24 


ORL 
A,Rn 
OR register to Accumulator 
1 
12 


ORL 
A,direct 
OR direct byte to Accumulator 
2 
12 


ORL 
A,@Ri 
OR indirect RAM to Accumulator 
1 
12 


ORL 
A,#data 
OR immediate data to Accumulator 
2 
12 


ORL 
direct,A 
OR Accumulator to direct byte 
2 
12 


ORL 
direct,#data 
OR immediate data to direct byte 
3 
24 


XRL 
A,Rn 
Exclusive-OR register to Accumulator 
12 


XRL 
A,direct 
Exclusive-OR direct byte to Accumulator 
2 
12 


XRL 
A,@Ri 
Exclusive-OR indirect RAM to Accumulator 
12 


XRL 
A,#data 
Exclusive-OR immediate data to Accumulator 
2 
12 


XRL 
direct,A 
Exclusive-OR Accumulator to direct byte 
2 
12 


XRL 
direct,#data 
Exclusive-OR immediate data to direct byte 
3 
24 


CLR 
A 
Clear Accumulator 
12 


CPL 
A 
Complement Accumulator 
12 


RL 
A 
Rotate Accumulator left 
12 


RLC 
A 
Rotate Accumulator left through the carry 
12 


RR 
A 
Rotate Accumulator right 
12 


RRC 
A 
Rotate Accumulator right through the carry 
12 


SWAP 
A 
Swap nibbles within the Accumulator 
12 


DATA TRANSFER 


MOV 
A,Rn 
Move register to Accumulator 
1 
12 


MOV 
A,direct 
Move direct byte to Accumulator 
2 
12 
MOV 
A,@Ri 
Move indirect RAM to Accumulator 
12 


All mnemonics copyrighted © Intel Corporation 
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Table 7. 
80C51 Instruction 
Set Summary 
(Continued) 


MNEMONIC 
DESCRIPTION 
BYTE 
OSCILLATOR 
PERIOD 


DATA TRANSFER (Continued) 


MOV 
A,#data 
Move immediate data to Accumulator 
2 
12 


MOV 
Rn,A 
Move Accumulator to register 
1 
12 


MOV 
Rn,direct 
Move direct byte to register 
2 
24 


MOV 
RN,#data 
Move immediate data to register 
2 
12 


MOV 
direct,A 
Move Accumulator to direct byte 
2 
12 


MOV 
direct,Rn 
Move register to direct byte 
2 
24 


MOV 
direct, direct 
Move direct byte to direct 
3 
24 


MOV 
direct,@Ri 
Move indirect RAM to direct byte 
2 
24 


MOV 
direct,#data 
Move immediate data to direct byte 
3 
24 


MOV 
@Ri,A 
Move Accumulator to indirect RAM 
1 
12 


MOV 
@Ri,direct 
Move direct byte to indirect RAM 
2 
24 


MOV 
@Ri,#data 
Move immediate data to indirect RAM 
2 
12 


MOV 
DPTR,#data16 
Load Data Pointer with a 16-bit constant 
3 
24 


MOVC 
A,@A+DPTR 
Move Code byte relative to DPTR to Ace 
1 
24 


MOVC 
A,@A+PC 
Move Code byte relative to PC to Ace 
24 


MOVX 
A,@Ri 
Move external RAM (8-bit addr) to Aee 
24 


MOVX 
A,@DPTR 
Move external RAM (16-bit addr) to Aee 
24 


MOVX 
A,@Ri,A 
Move Ace to external RAM (8-bit addr) 
1 
24 


MOVX 
@DPTR,A 
Move Ace to external RAM (16-bit addr) 
1 
24 


PUSH 
direct 
Push direct byte onto stack 
2 
24 


POP 
direct 
Pop direct byte from stack 
2 
24 


XCH 
A,Rn 
Exchange register with Accumulator 
1 
12 


XCH 
A,direct 
Exchange direct byte with Accumulator 
2 
12 


XCH 
A,@Ri 
Exchange indirect RAM with Accumulator 
1 
12 


XCHD 
A,@Ri 
Exchange low-order digit indirect RAM with Aee 
1 
12 


BOOLEAN VARIABLE MANIPULATION 


CLR 
C 
Clear carry 
1 
12 


CLR 
bit 
Clear direct bit 
2 
12 


SETB 
C 
Set carry 
12 


SETB 
bit 
Set direct bit 
2 
12 


CPL 
C 
Complement carry 
1 
12 


CPL 
bit 
Complement direct bit 
2 
12 


ANL 
C,bit 
AND direct bit to carry 
2 
24 


ANL 
C,lbit 
AND complement of direct bit to carry 
2 
24 


ORL 
C,bit 
OR direct bit to carry 
2 
24 


ORL 
C,lbit 
OR complement of direct bit to carry 
2 
24 


MOV 
C,bit 
Move direct bit to carry 
2 
12 


MOV 
bit,C 
Move carry to direct bit 
2 
24 


JC 
rei 
Jump if carry is set 
2 
24 


JNC 
rei 
Jump if carry not set 
2 
24 
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BYTE 
OSCILLATOR 
PERIOD 


3 
24 


3 
24 


3 
24 


2 
24 


3 
24 


1 
24 


1 
24 


2 
24 


3 
24 


2 
24 


24 


2 
24 


2 
24 


3 
24 


3 
24 


3 
24 


3 
24 


BOOLEAN VARIABLE MANIPULATION (Continued) 


Jump if direct bit is set 


Jump if direct bit is not set 


Jump if direct bit is set and clear bit 


JB 
rei 


JNB 
rei 


JBC 
bit,rel 


PROGRAM BRANCHING 


ACALL 
addr11 


LCALL 
addr16 


RET 


RETI 


AJMP 


WMP 


SJMP 


JMP 


JZ 


addr11 


addr16 


JNZ 
rei 


CJNE 
A,direct,rel 


CJNE 
A,#data,rel 


CJNE 
RN,#data,rel 


CJNE 
@Ri,#data,rel 


DJNZ 
Rn,rel 


DJNZ 
direct,rel 


NOP 


Absolute subroutine call 


Long subroutine call 


Return from subroutine 


Return from interrupt 


Absolute jump 


Long jump 


Short jump (relative addr) 


Jump indirect relative to the DPTR 


Jump if Accumulator is zero 


Jump if Accumulator is not zero 


Compare direct byte to Ace and jump if not equal 


Compare immediate to Ace and jump if not equal 


Compare immediate to register and jump if not 
equal 


Compare immediate to indirect and jump if not 
equal 


Decrement register and jump if not zero 


Decrement direct byte and jump if not zero 


No operation 


2 
24 


3 
24 


1 
12 


All mnemonics copyrighted © Intel Corporation 1980 
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ACALL 
addr11 


Function: 
Absolute 
Call 


Description: 
ACALL 
unconditionally 
calls a subroutine 
located 
at the indicated 
address. 
The instruction 
increments 
the PC twice 
to obtain 
the address 
of the following 
instruction, 
then pushes 
the 16·bit 
result onto the 
stack 
(low-order 
byte first) and increments 
the Stack 
Pointer 
twice. 
The destination 
address 
is obtained 
by successively 
concatenating 
the five high-order 
bits of the incremented 
PC, opcode 
bits 7-5, and the 
second 
byte of the instruction. 
The subroutine 
called 
must therefore 
start within 
the same 
2k block 
of the 
program 
memory 
as the first byte of the instruction 
following 
ACALL. 
No flags 
are affected. 


Example: 
Initially 
SP equals 
07H. The label "SUBRTN" 
is at program 
memory 
location 
0345 
H. After 
executing 
the 
instruction, 


ACALL 
SUBRTN 


at location 
0123H, 
SP will contain 
09H, internal 
RAM locations 
08H and 09H will contain 
25H and 01 H, 


respectively, 
and the PC will contain 
0345H. 


Bytes: 
2 


Cycles: 
2 


Encoding: 


Operation: 
I a10a9 
a8 1 
0 
0 
0 
1 


ACALL 
(PC) (- 
(PC) + 2 
(SP) (- 
(SP) + 1 


(SP) (- 
(pe7-0) 
(SP) 
(- 
(SP) + 1 


(SP) (- 
(PC'S-B) 
(PC1O-0) 
(- 
page address 


I a7 
a6 
as a4 I a3 
a2 
a1 aO I 
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ADD 
A,<src-byte> 


Function: 
Add 


Description: 
ADD adds the byte variable indicated to the Accumulator, leaving the result in the Accumulator. The carry 
and auxiliary-carry flags are set, respectively, if there is a carry-out from bit 7 or bit 3, and cleared 
otherwise. When adding unsigned integers, the carry flag indicates an overflow occurred. 


OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not bit 6; otherwise OV 
is cleared. When adding signed integers, OV indicates a negative number produced as the sum of two 
positive operands, or a positive sum from two negative operands. 


Four source operand addressing modes are allowed: register, direct, register-indirect, or immediate. 


Example: 
The Accumulator holds OC3H (11000011B) and register 0 holds OAAH (10101010B). The instruction, 


ADD 
A,RO 


will leave 6DH (01101101B) in the Accumulator with the AC flag cleared and both the Carry flag and OV 
selto 
1. 


ADD 
A,Rn 


Bytes: 


Cycles: 


Encoding: 


Operation: 


ADD 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 


Operation: 


ADD 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 


Operation: 


ADD 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 


Operation: 


10 
0 
1 
0 


ADD 
(A) f- (A) + (Rn) 


10 
0 
1 
0 
1_0 
0 _1~ 


ADD 
(A) f- (A) + (direct) 


1 direct address 
1 


1001010 


ADD 
(A) f- (A) + ((Ri)) 


10 
0 
1 
0 
1_0 
0_0_ 


ADD 
(A) f- (A) + #data 


1 immediate datal 
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AD DC 
A,<src-byte> 


Function: 
Add with Carry 


Description: 
ADDC simultaneously adds the byte variable indicated, the carry flag and the Accumulator contents, 
leaving the result in the Accumulator. The carry and auxiliary-carry flags are set, respectively, if there is a 
carry-out from bit 7 or bit 3, and cleared otherwise. When adding unsigned integers, the carry flag 
indicates an overflow occurred. 


OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not out of bit 6; 
otherwise OV is cleared. When adding signed integers, OV indicates a negative number produced as the 
sum of two positive operands, or a positive sum from two negative operands. 


Four source operand addressing modes are allowed: register, direct, register-indirect, or immediate. 


Example: 
The Accumulator holds OC3H (11000011B) and register 0 holds OAAH (10101010B) with the carry flag set. 
The instruction, 


ADDC 
A,RO 


will leave 6EH (0110111OB)in the Accumulator with AC cleared and both the Carry flag and OV set to 1. 


AD DC 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
10 
0 
1 
1 


11 
r 
r 


Operation: 
ADDC 
(A) f- (A) + (C) + (Rn) 


ADDC 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 
10 
0 
1 
1 
10 
0 
1 


Operation: 
ADDC 
(A) f- (A) + (C) + (direct) 


ADDC 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
10 
0 
1 
1 
10 


Operation: 
ADDC 
(A) f- (A) + (C) + ((Ri» 


ADDC 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
10 
0 
1 
1 


10 
0 
0 


Operation: 
ADDC 
(A) f- (A) + (C) + #data 


I direct address I 


Iimmediate data I 
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AJMP 
addr11 


Function: 
Absolute Jump 


Description: 
AJMP transfers program execution to the indicated address, which is formed at run-time by concatenating 
the high-order five bits of the PC (afterincrementing 
the PC twice), opcode bits 7-5, and the second byte 
of the instruction. The destination must therefore be within the same 2k block of program memory as the 
first byte of the instruction following AJMP. 


Example: 
The label "JMPADR" is at program memory location 0123H. The instruction, 


AJMP 
JMPADR 


is at location 0345H and will load the PC with 0123H. 


Bytes: 
2 


Cycles: 
2 


I a7 a6 a5 a4 I a3 a2 a1 aO I 
Encoding: 


Operation: 


I a10 a9 a8 0 I 0 
0 
0 
1 


AJMP 
(PC) ~ 
(PC) + 2 
(PC10-0) ~ 
page address 


ANL 
<dest-byte>,<src-byte> 


Function: 
Logical-AND for byte variables 


Description: 
ANL performs the bitwise logical-AND operation between the variables indicated and stores the results in 
the destination variable. No flags are affected. 


The two operands allow six addressing mode combinations. When the destination is the Accumulator, the 
source can use register, direct, register-indirect, or immediate addressing; when the destination is a direct 
address, the source can be the Accumulator or immediate data. 


Note: When this instruction is used to modify an output port, the value used as the original port data will 
be read from the output data latch, not the input pins. 


Example: 
If the Accumulator holds OC3H (11000011B) and register 0 holds 55H (01010101B) then the instruction, 


ANL 
A,RO 


will leave 41H (01000001 B) in the Accumulator. 


When the destination is a directly addressed byte, this instruction will clear combinations of bits in any 
RAM location or hardware register. The mask byte determining the pattern of bits to be cleared would 
either be a constant contained in the instruction or a value computed in the Accumulator at run-time. The 
instruction, 


ANL 
P1,#01110011B 


will clear bits 7, 3, and 2 of output port 1. 
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ANL 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
10 
0 
1 
11 
r 
r 


Operation: 
ANL 
(A) t- (A) /\ (Rn) 


ANL 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 
10 
0 
1 
10 
0 
1 
I direct address 1 


Operation: 
ANL 
(A) t- (A) /\ (direct) 


ANL 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
10 
0 
1 
10 


Operation: 
ANL 
(A) t- (A) /\ «Ri» 


ANL 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
10 
0 
1 
10 
0 
0 I Iimmediate data 1 


Operation: 
ANL 
(A) t- (A) /\ #data 


ANL 
direct,A 


Bytes: 
2 


Cycles: 


Encoding: 
10 
0 
1 
10 
0 
1 
0 I Idirect address I 


Operation: 
ANL 
(A) t-(direct) /\ (A) 


ANL 
direct,#data 


Bytes: 
3 


Cycles: 
2 


Idirect address I Iimmediate dataI 
Encoding: 


Operation: 


10011001 


ANL 
(direct) t-(direct) /\ #data 
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ANL 
C,<src-bit> 


Function: 
Logical-AND for bit variables 


Description: 
If the Boolean value of the source bit is a logical 0 then clear the carry flag; otherwise leave the carry flag 
in its current state. A slash ("r) preceding the operand in the assembly language indicates that the logical 
complement of the addressed bit is used as the source value, but the source bit itself is not affected. No 
other flags are affected. 


Only direct addressing is allowed for the source operand. 


Example: 
Set the carry flag if, and only if, P1.0 = 1, ACC.7 = 1, and OV = 0: 


MOV 
C,P1.0 
;LOAD CARRY WITH INPUT PIN STATE 


ANL 
C,ACC.7;AND CARRY WITH ACCUM. BIT 7 


ANL 
C,IOV 
;AND WITH INVERSE OF OVERFLOW FLAG 


ANL 
C,bit 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
o 0 
10 
0 
1 
0 I I 
bit address 


Operation: 
ANL 
(C) +- (C) 1\ (bit) 


ANL 
C,lbit 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
1 
1 
10 
0 
o 
0 I I bit address 


Operation: 
ANL 
(C) +- (C) 1\ 1(bit) 
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CJNE 
<dest-byte>,<src-byte>,rel 


Function: 
Compare 
and Jump 
if Not Equal 


Description: 
CJNE 
compares 
the magnitudes 
of the first two operands, 
and branches 
if their values 
are not equal. 
The 
branch 
destination 
is computed 
by adding 
the signed 
relative-displacement 
in the last instruction 
byte to 
the PC, after incrementing 
the PC to the start of the next instruction. 
The carry 
flag is set if the unsigned 


integer 
value 
of <dest-byte> 
is less than the unsigned 
integer 
value 
of <src-byte>; 
otherwise, 
the carry 
is 
cleared. 
Neither 
operand 
is affected. 


The first two operands 
allow 
four addressing 
mode 
combinations: 
the Accumulator 
may be compared 
with 
any directly 
addressed 
byte or immediate 
data, 
and any indirect 
RAM location 
or working 
register 
can be 
compared 
with an immediate 
constant. 


Example: 
The Accumulator 
contains 
34H. 
Register 
7 contains 
56H. The first instruction 
in the sequence, 


CJNE 
R7,#60H,NOT 
_EO 
R7 = 60H. 
IF R7 < 60H. 
R7 > 60H. 


sets the carry 
flag and branches 
to the instruction 
at label NOT_EO. 
By testing 
the carry 
flag, this 


instruction 
determines 
whether 
R7 is greater 
or less than 60H. 


If the data being 
presented 
to Port 1 is also 34H, then the instruction, 


WAIT: 
CJNE 
A,P1,WAIT 


clears 
the carry 
flag and continues 
with the next instruction 
in sequence, 
since 
the Accumulator 
does 
equal 
the data read from 
P1. (If some 
other 
value 
was being 
input on P1, the program 
will loop at this 
point 
until the P1 data changes 
to 34H.) 


CJNE 
A,direct,rel 


Bytes: 
3 


Cycles: 
2 


11 
0 
1 
1 
1_0__ 
0_1_ 
I direct 
address I 
1 reI. address 
Encoding: 


Operation: 
(PC) ~ 
(PC) + 3 
IF (A) < > (direct) 
THEN 
(PC) ~ 
(PC) + relative offset 


IF (A) < (direct) 
THEN. 


(C)~ 
1 


(C)~O 
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CJNE 
A,#data,rel 


Bytes: 
3 


Cycles: 
2 


Encoding: 
11 ° 
1 
1 1_0 
0_0_1 
I immediate 
data I 
1reI. address 


Operation: 
(PC) ~ 
(PC) + 3 


IF (A) < > data 
THEN 


(C)~1 


(C)~O 


CJNE 
Rn,#data,rel 


Bytes: 
3 


Cycles: 
2 


Encoding: 


Operation: 


11 ° 
1 
1 
11 


(PC) ~ 
(PC) + 3 


IF (Rn) < > data 
THEN 


1 immediate 
data 1 
I reI. address 


(PC) ~ 
(PC) + relative offset 


IF (Rn) < data 
THEN 
(C)~1 


(C)~O 


CJNE 
@Ri,#data,rel 


Bytes: 
3 


Cycles: 
2 


Encoding: 


Operation: 


11 ° 
1 
1 I_~ 
_ 


(PC) ~ 
(PC) + 3 
IF ((Rj» 
< > data 
THEN 


1 immediate 
data I 
I reI. address 


(PC) ~ 
(PC) + relative offset 


IF ((R;» < data 
THEN 
(C)~1 


(C)~o 
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Function: 


Description: 


Example: 


Clear Accumulator 


The Accumulator is cleared (all bits reset to zero). No flags are affected. 


The Accumulator contains 5CH (01011100B). The instruction, 


CLR 
A 


will leave the Accumulator set to OOH(OO0OO0OOB). 


Bytes: 


Cycles: 


Encoding: 


Operation: 


o 
0 
1 


CLR 
bit 


Function: 
Clear bit 


Description: 
The indicated bit is cleared (reset to zero). No other flags are affected. CLR can operate on the carry flag 
or any directly addressable bit. 


Example: 
Port 1 has previously been written with 5DH (01011101B). The instruction, 


CLR 
P1.2 


will leave the port set to 59H (01011001B). 


CLR 
C 


Bytes: 


Cycles: 


Encoding: 
11 
0 
0 
10 
0 
1 
1 


Operation: 
CLR 
(C)~O 


CLR 
bit 


Bytes: 
2 


Cycles: 


Encoding: 
11 
0 
0 
10 
0 
1 
0 
I 
I 
bit address 


Operation: 
CLR 
(bit)~O 
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Function: 


Description: 


Complement Accumulator 


Each bit of the Accumulator is logically complemented (one's complement). Bits which previously 
contained a one are changed to a zero and vice-versa. No flags are affected. 


The Accumulator contains SCH (010111OOB).The instruction, 


CPL 
A 


will leave the Accumulator set to OA3H (10100011B). 


1 
Bytes: 


Cycles: 


Encoding: 


Operation: 


11 
1 
1 


CPL 
(A) f- l (A) 


CPL 
bit 


Function: 
Complement bit 


Description: 
The bit variable specified is complemented. A bit which had been a one is changed to zero and 
vice-versa. No other flags are affected. CLR can operate on the carry or any directly addressable bit. 


Note: When this instruction is used to modify an output pin, the value used as the original data will be read 
from the output data latch, not the input pin. 


Example: 
Port 1 has previously been written with SDH (01011101B). The instruction sequence, 
CPL 
P1.1 


CPL 
P1.2 


will leave the port set to SBH (01011011B). 


CPL 
C 


Bytes: 


Cycles: 


Encoding: 
11 
0 
1 
1 
10 
0 
1 
1 


Operation: 
CPL 
(C) f- l (C) 


CPL 
bit 


Bytes: 
2 


Cycles: 


Encoding: 
11 
0 
10 
0 
1 
0 I 
1 
bit address 


Operation: 
CPL 
(bit) f- l (bit) 
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DA 
A 


Function: 
Decimal-adjust Accumulator for Addition 


Description: 
DA A adjusts the eight-bit value in the Accumulator resulting from the earlier addition of two variable (each 
in packed-BCD format), producing two four-bit digits. Any ADD or ADDC instruction may have been used 
to perform the addition. 


If Accumulator bits 3-0 are greater than nine (xxx101O-xxxllll), 
or if the AC flag is one, six is added to 
the Accumulator, producing the proper BCD digit in the low-order nibble. This internal addition would set 
the carry flag if a carry-out of the low-order four-bit field propagated through all high-order bits, but it would 
not clear the carry flag otherwise. 


If the carry flag is now set, or if the four high-order bits now exceed nine (101Oxxx-lll 
xxxx), these 
high-order bits are incremented by six, producing the proper BCD digit in the high-order nibble. Again, this 
would set the carry flag if there was a carry-out of the high-order bits, but wouldn't clear the carry. The 
carry flag thus indicates if the sum of the original two BCD variables is greater than 100, allowing multiple 
precision decimal addition. OV is not affected. 


All of this occurs during the one instruction cycle. Essentially, this instruction performs the decimal 
conversion by adding OOH,06H, 60H, or 66H to the Accumulator, depending on initial Accumulator and 
PSW conditions. 


Note: DA A cannot simply convert a hexadecimal number in the Accumulator to BCD notation, nor does 
DA A apply to decimal subtraction. 


Example: 
The Accumulator holds the value 56H (01010110B) representing the packed BCD digits of the decimal 
number 56. Register 3 contains the value 67H (01100111B) representing the packed BCD digits of the 
decimal number 67. The carry flag is set.. The instruction sequence, 


ADDC 
A,R3 
DA 
A 


will first perform a standard two's-complement binary addition, resulting in the value OBEH (1011111OB) in 
the Accumulator. The carry and aUXiliarycarry flags will be cleared. 


The Decimal Adjust instruction will then alter the Accumulator to the value 24H (001001OOB),indicating 
the packed BCD digits of the decimal number 24, the low-order two digits of the decimal sum of 56. 67, 
and the carry-in. The carry flag will be set by the Decimal Adjust instruction, indicating that a decimal 
overflow occurred. The true sum 56. 67, and 1 is 124. 


BCD variables can be incremented or decremented by adding 01H or 99H. If the Accumulator initially 
holds 30H (representing the digits of 30 decimal). the the instruction sequence, 


ADD 
A,#99H 
DA 
A 


will leave the carry set and 29H in the Accumulator, since 30 + 99 = 129. The low-order byte of the sum 
can be interpreted to mean 30 - 1 = 29. 


1 
Bytes: 


Cycles: 


Encoding: 


Operation: 


o 
1 
I_o 
o_o~ 


DA 
-contents of Accumulator are BCD 
IF 
[[(A3-o)> 9] v [(AC) = 1]] 
THEN(A3_0)+- (A3-o)+ 6 


AND 


IF 
[[(A7-4) > 9] v [(C) = 1]] 
THEN(A7-4) +- (A7-4)+ 6 


DEC 
byte 


Function: 
Decrement 


Description: 
The variable indicated is decremented by 1. An original value of OOHwill underflow to OFFH. No flags are 
affected. Four operand addressing modes are allowed: accumulator, register, direct, or register-indirect. 


Note: When this instruction is used to modify an output port, the value used as the original data will be 
read from the output data latch, not the input pin. 


Example: 
Register 0 contains 7FH (011111118). Internal RAM locations 7EH and 7FH contain OOHand 40H, 
respectively. The instruction sequence, 


DEC 
@RO 


DEC 
RO 


DEC 
@RO 


will leave register 0 set to 7EH and internal RAM locations 7EH and 7FH set to OFFH and 3FH. 


DEC 
A 


Bytes: 


Cycles: 


Encoding: 


Operation: 


10 
0 
0 
1 
1_0__ 
0_0_ 


DEC 
(A) f- 
(A)-1 


DEC 
Rn 


Bytes: 


Cycles: 


Encoding: 


Operation: 


10 
0 
0 
1 


DEC 
(Rn) f- (Rn) - 
1 


DEC 
direct 


Bytes: 
2 


Cycles: 
1 


Encoding: 
I0 
0 
0 
1 I 0 


Operation: 
DEC 
(direct) f- 
(direct) - 1 


o 
1 I I direct address I 


DEC 
@Ri 


Bytes: 


Cycles: 


Encoding: 


Operation: 


10 
0 
0 
1 
1_0 
_ 


DEC 
((Ri)) f- ((Ri)) - 
1 
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Function: 


Description: 


Bytes: 


Cycles: 


Encoding: 


Operation: 


Divide 


DIV 
AB divides 
the unsigned 
eight-bit 
integer 
in the Accumulator 
by the unsigned 
eight-bit 
integer 
in 
register 
B. 


The Accumulator 
receives 
the integer 
part of the quotient; 
register 
B receives 
the integer 
remainder. 
The 
carry 
and OV flags will be cleared. 


Exception: 
if B had originally 
contained 
OOH, the values 
returned 
in the Accumulator 
and B-register 
will be 
undefined 
and the overflow 
flag will be set. The carry flag is cleared 
in any case. 


The Accumulator 
contains 
251 (OFBH or 11111011 B) and B contains 
18 (12H or 00010010B). 
The 


instruction, 


DIV 
AB 


will leave 
13 in the Accumulator 
(ODH or 00001101 
B) and the value 
17 (11 H or 0001 0001 B) in B, since 


251 = (13 x 18) + 17. Carry 
and OV will both be cleared. 


1 


4 


11 
0 
0 
0 
10 


DIV 
(A),s-8 f- (A)/(B) 
(Bh-o 


o 
0 
I 
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DJNZ 
<byte>,<rel-addr> 


Function: 
Decrement 
and Jump 
if Not Zero 


Description: 
DJNZ 
decrements 
the location 
indicated 
by 1, and branches 
to the address 
indicated 
by the second 
operand 
if the resulting 
value 
is not zero. 
An original 
value 
of OOH will underflow 
to OFFH. No flags 
are 
affected. 
The branch 
destination 
would 
be computed 
by adding 
the signed 
relative-displacement 
value 
in 
the last instruction 
byte to the PC, after incrementing 
the PC to the first byte of the following 
instruction. 


The location 
decremented 
may be a register 
or directly 
addressed 
byte. 


Note: When 
this instruction 
is used to modify 
an output 
port, the value 
used as the original 
port data will 
be read from the output 
data latch, 
not the input pins. 


Example: 
Internal 
RAM locations 
40H, 
50H, and 60H contain 
the values 
01 H, 70H, and 15H, respectively. 
The 
instruction 
sequence, 


DJNZ 
40H,LABEL_1 


DJNZ 
50H,LABEL_2 


DJNZ 
60H,LABEL_3 


will cause 
a jump 
to the instruction 
at LABEL_2 
with the values 
OOh, 6FH, and 15H in the three 
RAM 
locations. 
The first jump 
was nottaken 
because 
the result was zero. 


This instruction 
provides 
a simple 
was of executing 
a program 
loop a given 
number 
of times, 
or for adding 
a moderate 
time delay 
(from 2 to 512 machine 
cycles) 
with a single 
instruction. 
The instruction 
sequence, 


MOV 
R2.#8 


TOGGLE: 
CPL 
P1.7 


DJNZ 
R2,TOGGLE 


will toggle 
P1.7 eight times. 
causing 
four output 
pulses 
to appear 
at bit 7 of output 
Port 1. Each 
pulse 
will 


last three 
machine 
cycles, 
two for DJNZ 
and one to alter the pin. 


DJNZ 
Rn,rel 


Bytes: 
2 


Cycles: 
2 


11 
0 
1 
1_1 
r _r~1 
I 
reI. address 
I 
Encoding: 


Operation: 
DJNZ 
(PC) f-- 
(PC) + 2 
(Rn) f-- 
(Rn) - 
1 
IF (Rn) > 0 or (Rn) < 0 


THEN 


DJNZ 
direct, 
rei 


Bytes: 
3 


Cycles: 
2 


o 
1 
10 
I 
1 
direct 
data 
1 I 
reI. address 
Encoding: 


Operation: 
DJNZ 
(PC) f-- 
(PC) + 2 
(direct) 
f-- 
(direct) 
- 
1 


IF (direct) > 0 or (direct) < 0 


THEN 
(PC) 
f-- 
(PC) + rei 
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INC 
<byte> 


Function: 
Increment 


Description: 
INC increments 
the indicated 
variable 
by 1. An original 
value 
of OFFH will overflow 
to OOH. No flags 
are 
affected. 
Three 
addressing 
modes 
are allowed: 
register, 
direct, 
or register-indirect. 


Note: When 
this instruction 
is used to modify 
an output 
port, the value 
used as the original 
port data will 
be read from the output 
data latch, not the input pins. 


Example: 
Aegister 
0 contains 
7EH (0111111 OB). Internal 
AAM 
locations 
7EH and 7FH contain 
OFFH and 40H, 


respectively. 
The instruction 
sequence, 


INC 
@AO 
INC 
AO 
INC 
@AO 


will leave 
register 
0 set to 7FH and internal 
AAM 
locations 
7EH and 7FH holding 
(respectively) 
OOH and 
41H. 


INC 
A 


Bytes: 


Cycles: 


Encoding: 
10 
0 
0 
0 
10 


Operation: 
INC 
(A) f- 
(A) + 1 


INC 
Rn 


Bytes: 


Cycles: 


Encoding: 
10 
0 
0 
0 


Operation: 
INC 
(An) f- (An) + 1 


INC 
direct 


Bytes: 
2 


Cycles: 


Encoding: 
10 
0 
0 
0 
10 


Operation: 
INC 
(direct) 
f- 
(direct) 
+ 1 


INC 
@RI 


Bytes: 


Cycles: 


Encoding: 
10 
0 
0 
0 
10 


Operation: 
INC 
((Ai)) f- ((Ai)) 
+ 1 


o 
0 I 


~ 
0_1~' 
I direct 
address I 
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Function: 
Increment Data Pointer 


Description: 
Increment the 16-bit data pointer by 1. A 16-bit increment (modulo 216) is performed; an overflow of the 
low-order byte of the data pointer (DPL) from OFFHto OOHwill increment the high-order byte (DPH). No 
flags are affected. 


This is the only 16-bit register which can be incremented. 


Example: 
Registers DPH and DPL contain 12H and OFEH, respectively. The instruction sequence, 


INC 
DPTR 


INC 
DPTR 


INC 
DPTR 


will change DPH and DPL to 13H and 01H. 


Bytes: 
1 


Cycles: 
2 


11 
0 
10 
10 
0 
11 
Encoding: 


Operation: 
INC 
(DPTR) ~ 
(DPTR) + 1 


JB 
bit,rel 


Function: 
Jump if Bit set 


Description: 
If the indicated bit is a one, jump to the address indicated; otherwise proceed with the next instruction. The 
branch destination is computed by adding the signed relative-displacement in the third instruction byte to 
the PC. after incrementing the PC to the first byte of the next instruction. The bit tested is not modified. No 
flags are affected. 


Example: 
The data present at input port 1 is 11001010B. The Accumulator holds 56 (01010110B). The instruction 
sequence. 


JB 
P1.2,LABEL1 
JB 
ACC.2,LABEL2 


will cause program execution to branch to the instruction at label LABEL2. 


Bytes: 
3 


Cycles: 
2 
I0 
0 
1 
0 I 0 
0 
0 
0 I I 
bit address I I rei. address 
Encoding: 


Operation: 
JB 
(PC) ~ 
(PC) + 3 
IF (bil) = 1 
THEN 
(PC) ~ 
(PC) + rei 
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JBC 
bit,rel 


Function: 


Description: 


Bytes: 


Cycles: 


Encoding: 


Operation: 


Jump if Bit is set and Clear bit 


If the indicated bit is a one, branch to the address indicated; otherwise proceed with the next instruction. 
The bit will not be cleared if it is already a zero. The branch destination is computed by adding the signed 
relative-displacement in the third instruction byte to the PC, after incrementing the PC to the first byte of 
the next"instruction. No flags are affected. 


Note: When this instruction is used to test an output pin, the value used as the original data will read from 
the output data latch, not the input pin. 


The Accumulator holds 56H (01010110B). The instruction sequence, 


JBC 
ACC.3,LABEL 1 


JBC 
ACC.2,LABEL2 


will cause program execution to continue at the instruction identified by the LABEL2' with the Accumulator 
modified to 52H (01010010B). 


3 


2 
I0 
0 
0 
1 I 0 
0 
0 
0 I I 
bit address I I reI. address 


JBC 
(PC) f- (PC) + 3 
IF (bit) = 1 
THEN 
(bit) f-O 
(PC) f- (PC) + rei 


JC 
rei 


Function: 
Jump if Carry is set 


Description: 
If the carry flag is set, branch to the address indicated; otherwise proceed with the next instruction. The 
branch destination is computed by adding the signed relative-displacement in the second instruction byte 
to the PC, after incrementing the PC twice. No flags are affected. 


Example: 
The carry flag is cleared. The instruction sequence, 


JC 
LABELl 
CPL 
C 
JC 
LABEL2 


will set the carry and cause program execution to continue at the instruction identified by the label 
LABEL2. 


Bytes: 
2 


Cycles: 
2 


10 
0 
0 
1_0_0_0_0_ 
Encoding: 


Operation: 


I 
reI. address I 


JC 
(PC) f- (PC) + 2 
IF(C)= 1 
THEN 
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JMP 
@A+DPTR 


Function: 
Jump indirect 


Description: 
Add the eight-bit unsigned contents of the Accumulator with the sixteen-bit data pointer, and load the 
resulting sum to the program counter. This will be the address for subsequent instruction fetches. 
Sixteen-bit addition is performed (modulo 216): a carry-out from the low-order eight bits propagates 
through the higher-order bits. Neither the Accumulator nor the Data Pointer is altered. No flags are 
affected. 


Example: 
An even number from 0 to 6 is in the Accumulator. The following sequence of instructions will branch to 
one of four AJMP instructions in a jump table starting at JMP_TBl: 


MOV 
DPTR,#JMP3Bl 
JMP 
@A+DPTR 


JMP_TBL: 
AJMP 
LABElO 
AJMP 
LABEl1 
AJMP 
LABEl2 
AJMP 
LABEl3 


If the Accumulator equals 04H when starting this sequence, execution will jump to label lABEL2. 
Remember that AJMP is a two-byte instruction, so the jump instructions start at every other address. 


Bytes: 


Cycles: 
2 


Encoding: 


Operation: 


10 
1 
1 
I 0 


JMP 
(PC) ~ 
(A) + (DPTR) 


JNB 
bit,rel 


Function: 
Jump if Bit Not set 


Description: 
If the indicated bit is a zero, branch to the indicated address; otherwise proceed with the next instruction. 
The branch destination is computed by adding the signed relative-displacement in the third instruction 
byte to the PC, after incrementing the PC to the first byte of the next instruction. The bit tested is not 
modified. No flags are affected. 


Example: 
The data present at input port 1 is 1100101OB.The Accumulator holds 56H (0101011OB).The instruction 
sequence, 


JNB 
P1.3,LABEl1 


JNB 
ACC.3,LABEL2 


will cause program execution to continue at the instruction at label LABEL2. 


Bytes: 
3 


Cycles: 
2 
I 0 
0 
1 
1 I 0 
0 
0 
0 I I 
bit address I I 
reI. address 
Encoding: 


Operation: 
JNB 
(PC) ~ 
(PC) + 3 
IF (bit) =0 


THEN 


(PC) ~ 
(PC) + rei 
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Function: 


Description: 


Bytes: 


Cycles: 


Encoding: 


Operation: 


Jump if Carry Not set 


If the carry flag is a zero, branch to the address indicated; otherwise proceed with the next instruction. The 
branch destination is computed by adding the signed relative-displacement in the second instruction byte 
to the PC, after incrementing the PC twice to point to the next instruction. The carry flag is not modified. 


The carry flag is set. The instruction sequence, 


JNC 
LABELl 
CPL 
C 
JNC 
LABEL2 


will clear the carry and cause program execution to continue at the instruction identified by the label 
LABEL2. 


2 


2 


10 
0 
1 
10 
I 
reI. address I 


JNC 
(PC) ~ 
(PC) + 2 
IF (C) =0 
THEN 
(PC) ~ 
(PC) + rei 


Function: 
Jump if Accumulator Not Zero 


Description: 
If any bit of the Accumulator is a one, branch to the indicated address; otherwise proceed with the next 
instruction. The branch destination is computed by adding the signed relative-displacement in the second 
instruction byte to the PC, after incrementing the PC twice. The Accumulator is not modified. No flags are 
affected. 


Example: 
The Accumulator originally holds OOH.The instruction sequence, 


JNZ 
LABELl 
INC 
A 
JNZ 
LABEL2 


will set the Accumulator to 01H and continue at label LABEL2. 


Bytes: 
2 


Cycles: 
2 


Encoding: 


Operation: 


101110000 


JNZ 
(PC) ~ 
(PC) + 2 
IFA~O 
THEN (PC) ~ 
(PC) + rei 


I I 
reI. address I 
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Function: 


Description: 


Bytes: 


Cycles: 


Encoding: 


Operation: 


Jump if Accumulator Zero 


If all bits of the Accumulator are zero, branch to the indicated address; otherwise proceed with the next 
instruction. The branch destination is computed by adding the signed relative-displacement in the second 
instruction byte to the PC, after incrementing the PC twice. The Accumulator is not modified. No flags are 
affected. 


The Accumulator originally holds 01H. The instruction sequence, 


JZ 
LABELl 
DEC 
A 


JZ 
LABEL2 


will change the Accumulator to OOHand cause program execution to continue at the instruction identified 
by the label LABEL2. 


2 


2 


101010000 
I I 
rei. address I 


JZ 
(PC) f- (PC) + 2 
IFA= 0 


THEN (PC) f- (PC) + rei 


LCALL 
addr16 


Function: 
Long Call 


Description: 
LCALL calls a subroutine located at the indicated address. The instruction adds three to the program 
counter to generate the address of the next instruction and then pushes the 16-bit result onto the stack 
(low byte first), incrementing the Stack Pointer by two. The high-order and low-order bytes of the PC are 
then loaded, respectively, with the second and third bytes of the LCALL instruction. Program execution 
continues with the instruction at this address. The subroutine may therefore begin anywhere in the full 
64k-byte program memory address space. No flags are affected. 


Example: 
Initially the Stack Pointer equals 07H. The label "SUBRTN" is assigned to program memory location 
1234H. After executing the instruction, 


LCALL 
SUBRTN 


at location 0123H, the Stack Pointer will contain 09H, internal RAM locations 08H and 09H will contain 
26H and 01H, and the PC will contain 1235H. 


Bytes: 
3 


Cycles: 
2 


10 
0 
0 
1 I 0 
0 
1 
0 
I 
I 
addr15-addr8 I I addr7-addrO 
1 
Encoding: 


Operation: 
LCALL 
(PC) f- (PC) + 3 
(SP) f- (SP) + 1 
((SP)) f- (PC7-0) 
(SP) f- (SP) + 1 
((SP)) f- (PC15-B) 
(PC) f- addr15_o 
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LJMP 
addr16 
(Implemented 
in 87C751 
and 
87C752 
for 
.n-circuit 
emulation 
only.) 


Function: 
Long Jump 


Description: 
LJMP 
causes 
an unconditional 
branch 
to the indicated 
address, 
by loading 
the high-order 
and low-order 
bytes 
of the PC (respectively) 
with the second 
and third 
instruction 
bytes. 
The destination 
may therefore 
be anywhere 
in the full 64k program 
memory 
address 
space. 
No flags 
are affected. 


Example: 
The label "JMPADR" 
is assigned 
to the instruction 
at program 
memory 
location 
1234H. 
The instruction, 


LJMP 
JMPADR 


at location 
0123H 
will load the program 
counter 
with 
1234H. 


Bytes: 
3 


Cycles: 
2 


Encoding: 


Operation: 


I 0 
0 
0 
0 
0 
0 
1 
0 
1 
I 
addr15-addr8 
1 


LJMP 
(PC) f- addr15_o 


I 
addr7-addrO 
1 


MOV 
<dest-byte>,<src-byte> 


Function: 
Move byte variable 


Description: 
The byte variable 
indicated 
by the second 
operand 
is copied 
into the location 
specified 
by the first 
operand. 
The source 
byte is not affected. 
No other 
register 
or flag is affected. 


This is by far the most flexible 
operation. 
Fifteen 
combinations 
of source 
and destination 
addressing 
modes 
are allowed. 


Example: 
Internal 
RAM location 
30H holds 40H. The value 
of RAM location 
40H is 10H. The data present 
at input 
port 1 is 11001010B 
(OCAH). 
The instruction 
sequence, 


MOV 
RO,#30H 
;RO < = 30H 


MOV 
A,@RO 
;A < = 40H 


MOV 
R1,A 
;R1 < = 40H 


MOV 
B,@R1 
;B < = 10H 
MOV 
@R1,P1 
;RAM 
(40H) 
< = OCAH 


MOV 
P2,P1 
;P2 #OCAH 


leaves 
the value 
30H in register 
0, 40H in both the Accumulator 
and register 
1, 10H in register 
B, and 
OCAH (11001010B) 
both in RAM location 
40H and output 
on port 2. 


MOV 
A,Rn 


Bytes: 


Cycles: 


Encoding: 


Operation: 


11 
1 
0 


MOV 
(A) f- 
(Rn) 


MOV 
Rn,direct 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
1 
0 


Operation: 
MaV 
(Rn)~ 
(direct) 


MOV 
Rn,#data 


Bytes: 
2 


Cycles: 
1 


Encoding: 
10 
1 
1 
11 


Operation: 
MaV 
(An) ~ 
#data 


"MOV 
A,direct 


Bytes: 
2 


Cycles: 
1 


Encoding: 


Operation: 


MOV 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 


Operation: 


MOV 
A,#data 


Bytes: 


Cycles: 


Encoding: 


Operation: 


MOV 
Rn,A 


Bytes: 


Cycles: 


Encoding: 


Operation: 
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11 
1 0 I 0 


Mav 
(A) ~ (direct) 


o 
1 I I direct addressI 


11 
1 
0 
10 


MaV 
(A)~ 
((Ri)) 


2 


1 


10 
1 
1 
10 
o 
0 I 
I immediatedataI 


Mav 
(A) ~ 
#data 


11 
1 
1 


MaV 
(Rn)~ 
(A) 


_____ 
....•.. 
r_r_ 
Idirect address I 


____ 
r_r_ 
Iimmediatedata 1 
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MOV 
direct,A 


Bytes: 
2 


Cycles: 
1 


Encoding: 


Operation: 


11 
1 
1 


MOV 
(direct) +- (A) 


Idirect address I 


MOV 
direct,Rn 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
0 
0 
r 
r 
I direct address 
1 


Operation: 
MOV 
(direct) +- (Rn) 


MOV 
direct,direct 


Bytes: 
3 


Cycles: 
2 


Encoding: 
11 
0 
0 
0 
10 
0 
1 
1 
1 dir. addr. (src) 
I 
1 dir. addr. (dest) I 


Operation: 
MOV 
(direct) +- (direct) 


MOV 
direct,@Ri 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
0 
0 
10 
Idirect address I 


Operation: 
MOV 
(direct) +- «Rj)) 


MOV 
direct,#data 


Bytes: 
3 


Cycles: 
2 


Encoding: 
10 
1 
1 


10 
0 
1 I I direct address I I immediate data I 


Operation: 
MOV 
(direct) +- #data 


MOV 
@Ri,A 


Bytes: 


Cycles: 


Encoding: 
11 
1 
1 


10 


Operation: 
MOV 
«Rj)) +- (A) 
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MOV 
@Ri,direct 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
1 
0 
10 
Idirect address I 


Operation: 
MOV 
((Ri)) f- 
(direct) 


MOV 
@Ri,#data 


Bytes: 
2 


Cycles: 


Encoding: 
10 
1 
1 


10 
Iimmediate dataI 


Operation: 
MOV 
((Ri)) f- 
#data 


MOV 
<dest-bit>,<src-bit> 


Function: 
Move bit data 


Description: 
The Boolean variable indicated by the second operand is copied into the location specified by the first 
operand. One of the operands must be the carry flag; the other may be any directly addressable bit. No 
other register or flag is affected. 


Example: 
The carry flag is originally set. The data present at input Port 3 is 11000101B. The data previously written 
to output Port 1 is 35H (00110101B). The instruction sequence, 


MOV 
Pl.3,C 
MOV 
C,P3.3 
MOV 
Pl.2,C 


will leave the carry cleared and change Port 1 to 39H (00111001B). 


MOV 
C,bit 


Bytes: 
2 


Cycles: 
1 


Encoding: 
11 
0 
1 0 
10 
0 
1 
0 I I 
bit address I 


Operation: 
MOV 
(C) f- 
(bit) 


MOV 
bit,C 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11 
0 
0 
1 


10 
0 
1 
0 I I 
bit address I 


Operation: 
MOV 
(bit) f- 
(C) 
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MOV 
DPTR,#data16 


Function: 
Load Data Pointer with a 16-bit constant 


Description: 
The Data Pointer is loaded with the 16-bit constant indicated. The 16-bit constant is loaded into the 
second and third bytes of the instruction. The second by1e(DPH) is the high-order by1e,while the third 
by1e(DPL) holds the low-order by1e.No flags are affected. 


This is the only instruction which moves 16 bits of data at once. 


Example: 
The instruction, 


MOV 
DPTR,#1234H 


will load the value 1234H into the Data Pointer: DPH will hold 12H and DPL will hold 34H. 


Bytes: 
3 


Cycles: 
2 


Encoding: 


Operation: 


I 0 
0 
0 
0 
I immed. data15-al 
1 immed. data7-0 
1 


MOV 
(DPTR) f- 
(#data15-0) 


DPH 0 
DPL f- #data15-S0 #data7_o 


MOVC 
A,@A+<base-reg> 


Function: 
Move Code byte 


Description: 
The MOVC instructions load the Accumulator with a code by1e,or constant from program memory. The 
address of the by1efetched is the sum of the original unsigned eight-bit Accumulator contents and the 
contents of a sixteen-bit base register, which may be either the Data Pointer or the PC. In the latter case, 
the PC is incremented to the address of the following instruction before being added with the Accumulator; 
otherwise the base register is not altered. Sixteen-bit addition is performed so a carry-out from the 
low-order eight bits may propagate through higher-order bits. No flags are affected. 


Example: 
A value between 0 and 3 is in the Accumulator. The following instructions will translate the value in the 
Accumulator to one of four values defined by the DB (define by1e)directive: 


REL_PC: 
INC 
A 


MOVC 
A,@A+PC 


RET 
DB 
66H 


DB 
77H 


DB 
aaH 


DB 
99H 


If the subroutine is called with the Accumulator equal to 01H, it will return with 77H in the Accumulator. 
The INC A before the MOVC instruction is needed to "get around" the RET instruction above the table. If 
several by1esof code separated the MOVC from the table, the corresponding number would be added to 
the Accumulator instead. 


MOVC 
A,@A+DPTR 


Bytes: 


Cycles: 
2 


11 
0 
0 
1 
10 
0 
1 
1 
Encoding: 


Operation: 
MOVC 
(A) f- 
((A) + (DPTR)) 
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Bytes: 
1 


Cycles: 
2 


Encoding: 
11 
0 
o 
0 
10 
0 
1 
1 


Operation: 
MOVC 
(PC) t- 
(PC) + 1 


(A) t- ((A) + (PC» 


MOVX 
<dest-byte>,<src-byte> 
(Not implemented 
in the 8XC752 or 8XC752) 


Function: 
Move External 


Description: 
The MOVX instructions transfer data between the Accumulator and a byte of external data memory, hence 
the ·X· appended to MOV. There are two types of instructions, differing in whether they provide an 
eight-bit or sixteen-bit indirect address to the external data RAM. 


In the first type, the contents of ROor R1 in the current register bank provide an eight-bit address 
multiplexed with data on PO.Eight bits are sufficient for external I/O expansion decoding or for a relatively 
small RAM array. For somewhat larger arrays, port pins can be used to output higher-order address bits. 
These pins would be controlled by an output instruction preceding the MOVX. 


In the second type of MOVX instruction, The Data Pointer generates a sixteen-bit address. P2 outputs the 
high-order eight address bits (the contents of DPH) while POmultiplexes the low-order eight bits (DPL) 
with data. The P2 Special Function Register retains its previous contents while the P2 output buffers are 
emitting the contents of DPH. This form is faster and more efficient when accessing very large data arrays 
(up to 64k bytes), since no additional instructions are needed to set up the output ports. 


It is possible in some situations to mix the two MOVX types. A large RAM array with its high-order address 
lines driven by P2 can be addressed via the Data Pointer, or with code to output high-order address bits to 
P2 followed by a MOVX instruction using ROor R1. 


Example: 
An external 256 byte RAM using multiplexed address/data lines is connected to the 8051 Port O.Port 3 
provides control lines for the external RAM. Ports 1 and 2 are used for normal I/O. Registers 0 and 1 
contain 12H and 34H. Location 34H of the external RAM holds the value 56H. The instruction sequence, 


MOVX 
A,@R1 
MOVX 
@RO,A 


copies the value 56H into both the Accumulator and external RAM location 12H. 


MOVX 
A,@RI 


Bytes: 


Cycles: 
2 


Encoding: 
11 
1 
0 
10 
0 


Operation: 
MOVX 
(A) t- 
((Ri» 


MOVX 
A,@DPTR 


Bytes: 
1 


Cycles: 
2 


Encoding: 
11 
1 
0 
0 
0 
0 
0 


Operation: 
MOVX 
(A) t- 
((DPTR» 
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MOVX 
@RI,A 


Bytes: 
1 


Cycles: 
2 


11 
1 
1 
10 
0 
Encoding: 


Operation: 
MOVX 
«Ri)) +- (A) 


MOVX 
@DPTR,A 


Bytes: 
1 


Cycles: 
2 


11 
1 
1 
10 
0 
0 
0 I 
Encoding: 


Operation: 
MOVX 
«DPTR)) 
+- 
(A) 


MUL 
AB 


Function: 
Multiply 


Description: 
MUL 
AB multiplies 
the unsigned 
eight-bit 
integers 
in the Accumulator 
and register 
B. The low-order 
byte 


of the sixteen-bit 
product 
is left in the Accumulator, 
and the high-order 
byte in B. If the product 
is greater 


than 255 (OFFH) the overflow 
flag is set; otherwise 
it is cleared. 
The carry 
flag is always 
cleared. 


Example: 
Originally 
the Accumulator 
holds the value 
80 (SOH). Register 
B holds the value 
160 (OAOH).The 
instruction, 


MUL 
AB 


will give the product 
12,800 
(3200H), 
so B is changed 
to 32H (0011001 OB) and the Accumulator 
is 
cleared. 
The overflow 
flag is set, carry 
is cleared. 


Bytes: 


Cycles: 
4 


11 
0 
1 
0 
1 0 
o 
0 I 
Encoding: 


Operation: 
MUL 
(All-o +- (A) x (B) 
(B)15.8 
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Function: 


Description: 


Example: 


Bytes: 


Cycles: 


Encoding: 


Operation: 


No Operation 


Execution 
continues 
at the following 
instruction. 
Other 
than the PC, no registers 
or flags 
are affected. 


It is desired 
to produce 
a low-going 
output 
pulse 
on bit 7 of Port 2 lasting 
exactly 
5 cycles. 
A simple 
SETB/CLR 
sequence 
would 
generate 
a one-cycle 
pulse, 
so four additional 
cycles 
must be inserted. 
This 
may be done 
(assuming 
are enabled) 
with the instruction 
sequence, 


CLR 
P2.7 


NOP 
NOP 
NOP 
NOP 
SETB 
P2.7 


1000010000 


NOP 
(PC) ~ 
(PC) + 1 


ORL 
<dest-byte>,<src-byte> 


Function: 
Logical-OR 
for byte variables 


Description: 
ORL performs 
the bitwise 
logical-OR 
operation 
between 
the indicated 
variables, 
storing 
the results 
in the 
destination 
byte. No flags 
are affected. 


The two operands 
allow six addressing 
mode combinations. 
When 
the destination 
is the Accumulator, 
the 
source 
can use register, 
direct, 
register-indirect, 
or immediate 
addressing; 
when 
the destination 
is a direct 
address, 
the source 
can be the Accumulator 
or immediate 
data. 


Note: When 
this instruction 
is used to modify 
an output 
port, the value 
used as the original 
port data will 
be read from the output 
data latch, not the input pins. 


Example: 
If the Accumulator 
holds 
OC3H (11000011 B) and RO holds 
55H (01010101 
B) then the instruction, 


ORL 
A,RO 


will leave the Accumulator 
holding 
the value 
OD7H (11010111 B). 


When 
the destination 
is a directly 
addressed 
byte, the instruction 
can set combinations 
of bits in any RAM 
location 
or hardware 
register. 
The pattern 
of bits to be set is determined 
by a mask 
byte, which 
may be 
either 
a constant 
data value 
in the instruction 
or a variable 
computed 
in the Accumulator 
at run-time. 
The 
instruction, 


ORL 
P1,#00110010B 


will set bits 5, 4, and 1 of output 
Port 1. 


ORL 
A,Rn 


Bytes: 


Cycles: 


Encoding: 


Operation: 


10 
0 
0 


ORL 
(A) ~ 
(A) v (Rn) 


ORL 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 


Operation: 


ORL 
A,@RI 


Bytes: 


Cycles: 


Encoding: 


Operation: 
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Idirect address I 
10 
0 0 
1_0__ 
0_1 •....• 


ORL 
(A) f- 
(A) v (direct) 


10 
0 0 
1_0__ 
......• 


ORL 
(A) f- 
(A) v «Ri» 


ORL 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
10 
0 0 
10 
0 0 I Iimmediate dataI 


Operation: 
ORL 
(A) f- 
(A) v #data 


ORL 
direct,A 


Bytes: 
2 


Cycles: 
1 


Encoding: 
10 
o 
0 
10 
0 
1 0 I Idirect address I 


Operation: 
ORL 
(direct) f- 
(direct) v (A) 


ORL 
direct,#data 


Bytes: 
3 


Cycles: 
2 


Encoding: 


Operation: 


10001001 


ORL 
(direct) f- 
(direct) v #data 


I I direct address I I immediate data I 
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ORL 
C,<src-bit> 


Function: 
Logical-OR for bit variables 


Description: 
Set the carry flag if the Boolean value is a logical 1; leave the carry in its current state otherwise. A slash 
("r) preceding the operand in the assembly language indicates that the logical complement of the 
addressed bit is used as the source value, but the source bit itself is not affected. No other flags are 
affected. 


Example: 
Set the carry flag if and only if P1.0 = 1. ACC.7 = 1, or OV = 0: 


ORL 
C,P1.0 
;LOAD CARRY WITH INPUT PIN P10 


ORL 
C,ACC.7 
;OR CARRY WITH THE ACC. BIT 7 


ORL 
C,IOV 
;OR CARRY WITH THE INVERSE OF OV. 


ORL 
C,bit 


Bytes: 
2 


Cycles: 
2 


Encoding: 


Operation: 


10 
1 
1 
1_0__ 0__ 1_0_1 
I 
bit address 


ORL 
(C) ~ 
(C) v (bit) 


ORL 
C,lbit 


Bytes: 
2 


Cycles: 
2 


11 
0 
1 
0 I 0 
0 
0 
0 
1 I 
bit address I 
Encoding: 


Operation: 
ORL 
(C) ~ 
(C) v (Iill) 
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POP 
direct 


Function: 
Pop from stack 


Description: 
The contents of the internal RAM location addressed by the Stack Pointer is read, and the Stack Pointer is 
decremented by one. The value read is then transferred to the directly addressed byte indicated. No flags 
are affected. 


Example: 
The Stack Pointer originally contains the value 32H, and internal RAM locations 30H through 32H contain 
the values 20H, 23H, and 01H, respectively. The instruction sequence, 


POP 
DPH 
POP 
DPL 


will leave the Stack Pointer equal to the value 30H and the Data Pointer set to 0123H. At this point the 
instruction, 


POP 
SP 


will leave the Stack Pointer set to 20H. Note that in this special case the Stack Pointer was decremented 
to 2FH before being loaded with the value popped (20H). 


Bytes: 
2 


Cycles: 
2 


Encoding: 


Operation: 


11 
0 
1 
1_0_0_0_0_ 


POP 
(direct) +- ((SP» 
(SP) +- (SP) - 1 


Idirect address I 


Function: 
Push onto stack 


Description: 
The Stack Pointer is incremented by one. The contents of the indicated variable is then copied into the 
internal RAM location addressed by the Stack Pointer. Otherwise no flags are affected. 


Example: 
On entering an interrupt routine the Stack Pointer contains 09H. The Data Pointer holds the value 0123H. 
The instruction sequence, 


PUSH 
DPL 
PUSH 
DPH 


will leave the Stack Pointer set to OSHand store 23H and 01H in internal RAM locations OAH and OSH, 
respectively. 


Bytes: 
2 


Cycles: 
2 


11 
0 
0 
Encoding: 


Operation: 


1 direct address 
I 


PUSH 
(SP) +- (SP) + 1 
((SP)) +- (direct) 
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Function: 
Return from subroutine 


Description: 
RET pops the high- and low-order bytes of the PC successively from the stack, decrementing the Stack 
Pointer by two. Program execution continues at the resulting address, generally the instruction 
immediately following an ACALL or LCALL. No flags are affected. 


Example: 
The Stack Pointer originally contains the value OSH. Internal RAM locations OAHand OSHcontain the 
values 23H and 01H, respectively. The instruction, 


RET 


will leave the Stack Pointer equal to the value 09H. Program execution will continue at location 0123H. 


Bytes: 
1 


Cycles: 
2 


Encoding: 
10 
0 
1 
0 
10 
0 
1 
0 


Operation: 
RET 
(PCls-a) t- ((SP» 
(SP) t- (SP) - 1 
(PC7-0) t- ((SP» 
(SP) t- (SP) - 1 


Function: 
Retum from interrupt 


Description: 
RETI pops the high- and low-order bytes of the PC successively from the stack, and restores the interrupt 
logic to accept additional interrupts at the same priority level as the one just processed. The Stack Pointer 
is left decremented by two. No other registers are affected; the PSW is not automatically restored to its 
pre-interrupt status. Program execution continues at the resulting address, which is generally the 
instruction immediately after the point at which the interrupt request was detected. If a lower- or 
same-level interrupt has been pending when the RETI instruction is executed, that one instruction will be 
executed before the pending interrupt is processed. 


Example: 
The Stack Pointer originally contains the value OSH.An interrupt was detected during the instruction 
ending at location 0122H. Internal RAM locations OAHand OSHcontain the values 23H and 01H, 
respectively. The instruction, 


RETI 


will leave the Stack Pointer equal to 09H and retum program execution to location 0123H. 


Bytes: 
1 


Cycles: 
2 


10 
0 
11 
10 
0 
10 
Encoding: 


Operation: 
RETI 
(PC1s-a)t- ((SP» 
(SP) t- (SP) - 1 
(PC7-0) t- ((SP» 
(SP) t- (SP) - 1 
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RL 
A 


Function: 
Rotate Accumulator Left 


Description: 
The eight bits in the Accumulator are rotated one bit to the left. Bit 7 is rotated into the bit 0 position. No 
flags are affected. 


Example: 
The Accumulator holds the value OC5H (11000101B). The instruction, 


RL 
A 


leaves the Accumulator holding the value 8BH (10001011B) with the carry unaffected. 


Bytes: 


Cycles: 


Encoding: 


Operation: 


10 
0 
10 
10 
0 
11 


RL 
(An+1) f-- (An), n = 0 - 6 
(AO) f-- (A7) 


RLC 
A 


Function: 
Rotate Accumulator Left through the Carry flag 


Description: 
The eight bits in the Accumulator and the carry flag are together rotated one bit to the left. Bit 7 moves into 
the carry flag; the original state of the carry flag moves into the bit 0 position. No other flags are affected. 


Example: 
The Accumulator holds the value OC5H (11000101B), and the carry is zero. The instruction, 


RLC 
A 


leaves the Accumulator holding the value 8AH (10001010B) with the carry set. 


Bytes: 


Cycles: 


Encoding: 


Operation: 


10 
0 
11 
10 
0 
11 


RLC 
(An+1) f-- (An), n = 0 - 6 
(AO) f-- (C) 
(C) f-- (A7) 
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Function: 
Rotate 
Accumulator 
Right 


Description: 
The eight bits in the Accumulator 
are rotated 
one bit to the right. Bit 0 is rotated 
into the bit 7 position. 
No 
flags 
are affected. 


Example: 
The Accumulator 
holds the value 
OC5H (11000101 
B). The instruction, 


RR 
A 


leaves 
the Accumulator 
holding 
the value 
OE2H (1110001 OB) with the carry 
unaffected. 


Bytes: 


Cycles: 


Encoding: 


Operation: 


1000010011 


RR 
(An) f- (An+1), n = 0 - 6 
(A7) f- (AO) 


RRC 
A 


Function: 
Rotate 
Accumulator 
Right through 
the Carry 
flag 


Description: 
The eight 
bits in the Accumulator 
and the carry flag are together 
rotated 
one bit to the right. 
Bit 0 moves 


into the carry flag; the original 
state of the carry flag moves 
into the bit 7 position. 
No other flags 
are 
affected. 


Example: 
The Accumulator 
holds the value 
OC5H (11000101 
B), and the carry 
is zero. 
The instruction, 


RRC 
A 


leaves 
the Accumulator 
holding 
the value 
62 (0110001 OB) with the carry 
set. 


Bytes: 


Cycles: 


Encoding: 


Operation: 


1000110011 


RRC 
(An) f- (An+1)' n = 0 - 6 
(A7) f- (C) 
(C) f- (AO) 
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SETB 
<bit> 


Function: 
Set Bit 


Description: 
SETB sets the indicated bit to one. SETB can operate on the carry flag or any directly addressable bit. No 
other flags are affected. 


Example: 
The carry flag is cleared. Output Port 1 has been written with the value 34H (001101OOB).The 
instructions, 


SETB 
C 
SETB 
Pl.0 


will leave the carry flag set to 1 and change the data output on Port 1 to 35H (00110101B). 


SETB 
C 


Bytes: 


Cycles: 


Encoding: 
11 
0 
1 
10 
0 
1 
1 


Operation: 
SETB 
(C) +---1 


SETB 
bit 


Bytes: 
2 


Cycles: 


Encoding: 
11 
0 
10 
0 
1 
0 I I 
bit address 


Operation: 
SETB 
(bit) +---1 


SJMP 
rei 


Function: 
Short Jump 


Description: 
Program control branches unconditionally to the address indicated. The branch destination is computed 
by adding the signed displacement in the second instruction byte to the PC, after incrementing the PC 
twice. Therefore, the range of destinations allowed is from 128 bytes preceding this instruction to 127 
bytes following it. 


Example: 
The label "RELADR" is assigned to an instruction at program memory location 0123H. The instruction, 


SJMP 
RELADR 


will assemble into location 01OOH.After the instruction is executed, the PC will contain the value 0123H. 


(Note: Under the above conditions the instruction following SJMP will be at 102H. Therefore, the 
displacement byte of the instruction will be the relative offset (0123H-Ol 02H) = 21H. Put another way, an 
SJMP with a displacement of OFEHwould be a one-instruction infinite loop.) 


Bytes: 
2 


Cycles: 
2 


11 
0 
0 
0 I 0 
0 
0 
0 
I 
1 
reI. address I 
Encoding: 


Operation: 
SJMP 
(PC) +---(PC) + 2 
(PC) +---(PC) + rei 
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SUBB 
A, <src-byte> 


Function: 
Subtract with borrow 


Description: 
SUBB subtracts the indicated variable and the carry flag together from the Accumulator, leaving the result 
in the Accumulator. SUBB sets the carry (borrow) flag if a borrow is needed for bit 7, and clears C 
otherwise. (If C was set before executing a SUBB instruction, this indicates that a borrow was needed for 
the previous step in a mUltiple precision subtraction, so the carry is subtracted from the Accumulator along 
with the source operand.) AC is set if a borrow is needed for bit 3, and cleared otherwise. OV is set if a 
borrow is needed into bit 6, but not into bit 7, or into bit 7, but not bit 6. 


When subtracting signed integers OV indicates a negative number produced when a negative value is 
subtracted from a positive value, or a positive result when a positive number is subtracted from a negative 
number. 


The source operand allows four addressing modes: register, direct, register-indirect, or immediate. 


Example: 
The Accumulator holds OC9H (11001001B), register 2 holds 54H (010101OOB),and the carry flag is set. 
The instruction, 


SUBB 
A,R2 


will leave the value 74H (01110100B) in the Accumulator, with the carry flag and AC cleared but OV set. 


Notice that OC9H minus 54H is 75H The difference between this and the above result is due to the carry 
(borrow) flag being set before the operation. If the stale of the carry is not known before starting a single 
or multiple-precision subtraction, it should be explicitly cleared by a CLR C instruction 


SUBB 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
11 
0 
0 
1 


11 
r 
r 


Operation: 
SUBB 
(A) r (A) - (C) - (Rn) 


SUBB 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 
11 
0 
0 
1 
10 
0 
1 


Operation: 
SUBB 
(A) r (A) - (C) - (direct) 


SUBB 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
11 
0 
0 
1 


10 


Operation: 
SUBS 
(A) r (A) - (C) - (R;) 


SUBB 
A,#data 


Bytes: 
2 


Cycles: 
1 


Encoding: 
11 
0 
0 
1 


10 
0 
0 


Operation: 
SUBB 
(A) r (A) - (C) - (#data) 
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Function: 


Description: 


Bytes: 


Cycles: 


Encoding: 


Operation: 


XCH 
A,<byte> 


Function: 


Description: 


Swap 
nibbles 
within 
the Accumulator 


SWAP 
A interchanges 
the low- and high-order 
nibbles 
(four-bit 
fields) 
of the Accumulator 
(bits 3-0 and bits 
7-4). The operation 
can also be thought 
of as a four-bit 
rotate 
instruction. 
No flags 
are affected. 


The Accumulator 
holds the value 
OC5H (11000101 
B). The instruction, 


SWAP 
A 


leaves 
the Accumulator 
holding 
the value 
5CH (010111 OOB). 


1 


1 


11 
0 0 


SWAP 
(A3-o)P (A7-4) 


Exchange 
Accumulator 
with byte variable 


XCH 
loads the Accumulator 
with the contents 
of the indicated 
variable, 
at the same 
time writing 
the 
original 
Accumulator 
contents 
to the indicated 
variable. 
The source/destination 
operand 
can use register, 
direct, 
or register-indirect 
addressing. 


RO contains 
the address 
20H. The Accumulator 
holds 
the value 
3FH (00111111 B). Internal 
RAM 
location 
20H holds the value 
75H (01110101 
B). The instruction, 


XCH 
A,@RO 


will leave the RAM location 
20H holding 
the values 
3FH (00111111 B) and 75H (01110101 
B) in the 
Accumulator. 


XCH 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
11 
0 
0 
11 
r 
r 


Operation: 
XCH 
(A) 
P(Rn) 


XCH 
A,direct 


Bytes: 
2 


Cycles: 
1 


Encoding: 
11 
0 
0 
10 
0 
1 
Idirect 
address I 


Operation: 
XCH 
(A) 
P 
(direct) 


XCH 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
/1 
0 
0 
10 


Operation: 
XCH 
(A) 
P 
«Ri» 


March 1995 
2-95 


80C51 family programmer's 
guide 
and instruction 
set 


XCHD 
A,@Ri 


Function: 
Exchange Digit 


Description: 
XCHD exchanges the low-order nibble of the Accumulator (bits 3-0), generally representing a 
hexadecimal or BCD digit, with that of the internal RAM location indirectly addressed by the specified 
register. The high-order nibbles (bits 7-4) of each register are not affected. No flags are affected. 


Example: 
ROcontains the address 20H. The Accumulator holds the value 36H (0011011OB). Internal RAM location 
20H holds the value 75H (01110101B). The instruction, 


XCHD 
A,@RO 


will leave RAM location 20H holding the value 76H (0111011OB)and 35H (00110101B) in the Accumulator. 


Bytes: 


Cycles: 


Encoding: 


Operation: 


11 
0 
1 
1 0 


XCHD 
(As-o) t:7 
((Ri3-0)) 


XRL 
<dest-byte>,<src-byte> 


Function: 
Logical Exclusive-OR for byte variables 


Description: 
XRL performs the bitwise logical Exclusive-OR operation between the indicated variables, storing the 
results in the destination. No flags are affected. 


The two operands allow six addressing mode combinations. When the destination is the Accumulator, the 
source can use register, direct, register-indirect, or immediate addressing; when the destination is a direct 
address, the source can be the Accumulator or immediate data. 


(Note: When this instruction is used to modify an output port, the value used as the original port data will 
be read from the output data latch, not the input pins.) 


Example: 
If the Accumulator holds OC3H (11000011B) and register 0 holds OAAH (1010101OB)then the instruction, 


XRL 
A,RO 


will leave the Accumulator holding the value 69H (01101001B). 


When the destination is a directly addressed byte, this instruction can complement combinations of bits in 
any RAM location or hardware register. The pattern of bits to be complemented is then determined by a 
mask byte, either a constant contained in the instruction or a variable computed in the Accumulator at 
run-time. The instruction, 


XRL 
P1,#00110001B 


will complement bits 5, 4, and 0 of output Port 1. 


XRL 
A,Rn 


Bytes: 


Cycles: 


Encoding: 


Operation: 


XRL 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 


Operation: 


XRL 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 


Operation: 
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10 
1 0 


XRL 
(A) (- 
(A) ¥ (Rn) 


10 
1 
0 
1_0__ 
0_1_ 


XRL 
(A) (- (A) ¥ (direct) 


Idirect address I 


10 
1 0 


XRL 
(A) (- (A) ¥ (Ri) 


XRL 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
10 
1 
0 
10 
0 
0 I 
IimmediatedataI 


Operation: 
XRL 
(A) (- (A) ¥ #data 


XRL 
direct,A 


Bytes: 
2 


Cycles: 
1 


Encoding: 
10 
1 0 
10 
0 
1 
0 I 
Idirect address I 


Operation: 
XRL 
(direct) (- (direct) ¥ (A) 


XRL 
direct,#data 


Bytes: 
3 


Cycles: 
2 


Encoding: 


Operation: 


1010100 


XRL 
(direct) (- (direct)¥ #data 


I I direct address I I immediatedataI 


vCC 


Pl 
PO 


RST 
rn\Ipp 


P3.6 
AlEIPROO 


P3.7 
87CS1 
I'Srn 


XTAl2 
P2.7 


P2.8 


XTAl, 
P2.o-P2.3 


vSS 


EPROM 
PRODUCTS 
Most of the 80C51 derivative products offered by Philips are 
supported with an EPROM version. 


All EPROM products are available in both windowed DIP and OTP 
package configurations. The windowed DIP package allows the 
EPROM to be erased under a strong UV light source, making 
program development easier and faster. The OTP (One Time 
Programmable) version cannot be erased because there is no 
window through which the die could be exposed to UV light. While 
the EPROM can only be programmed once in the OTP package, the 
part costs less than in windowed DIP and therefore offers an 
advantage for those not desiring to use the masked ROM version of 
the part. 


The EPROM products are fully supported on the industry standard 
EPROM programmers. 


Programming 
the 87C51 
The setup for programming the microcontroller 
is shown in Figure 1. 


Note that the part is running with a 4 to 6 MHz oscillator. The clock 
must be running because the device is executing intemal address 
and program data transfers during the programming. 


To program the 87C51 , the address of the EPROM location to be 
programmed is applied to ports 1 and 2 as shown in Figure 1. The 
code byte to be programmed into this location is applied to port O. 
RST, ~, 
and the pins of ports 2 and 3 specified in Table 1 are 
held at the "Program Code Data" levels specified in the table. The 
ALEII"ROG is then pulsed low 25 times to program the addressed 
location. 


Encryption 
Table 
The encryption table is a feature of the 87C51 , and its derivatives, 
that protects the code from being easily read by anyone other than 
the programmer. The encryption table is 16 to 64 bytes of code, 
depending on the microcontroller, that are exclusive NORed with the 
program code data as it is read out. The first byte is XNORed with 
the first location read, the second with the second read, etc. through 
the sixteenth byte read. The seventeenth byte is XNORed with the 
first byte of the encryption table, the eighteenth with the second, etc. 
and on in sixteen-byte groups. 


After the Encryption table has been programmed the user has to 
know its contents in order to correctly decode the program code 
data. The encryption table itself cannot be read out. 


The encryption table is programmed in the same manner as the 
program memory, but using the "Pgm Encryption Table" levels 
specified in Table 1. After the encryption table is programmed, 
verification cycles will produce only encrypted information. 


Security 
Bit 
There are two security bits on the 87C51 that, when set, prevent the 
program data memory from being read out or programmed further. 
To program the security bits, repeat the programming sequence 
using the "Pgm Security Bit" levels specified in Table 1. 


After the first security bit is programmed, further programming of the 
code memory or the encryption table is disabled. The other security 
bit can of course still be programmed. With only security bit one 
programmed, the memory can still be read out for program 
verification. After the second security bit is programmed, it is no 
longer possible to read out (verily) the program memory. 


MODE 
RST 
J:iSEN 
ALEIPR"OG 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
a 
1 
1 
a 
a 
a 
a 


Program code data 
1 
a 
o· 
Vpp 
1 
a 
1 
1 


Verify code data 
1 
a 
1 
1 
a 
a 
1 
1 


Pgm encryption table 
1 
a 
o· 
Vpp 
1 
a 
1 
a 


Pgm securify bit 1 
1 
a 
o· 
Vpp 
1 
1 
1 
1 


Pgm securify bit 2 
1 
a 
o· 
Vpp 
1 
1 
a 
a 


NOTES: 
1. '0" = valid low for that pin, "1" = valid high for that pin. 
2. 
Vpp = 12.75 ±O.25V. 


3. 
Vcc = 5V ±lO0/0during programming and verification. 


• 
ALEJI5l=IOOreceives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 1ooms (±lo~s) 
and high for a 


minimum of 1o~s. 


+sv 


vcc 


Ao-A7 
p, 
PO 


RST 
~pp 


P3.6 
ALEIPROG 


P3.7 
87CS1 
l'SEN 


XTAl2 
P2.7 


P2.6 


XTAL1 
P2.o-P2.3 


vss 
- 


Figure 2. 
Program 
Verification 


Program 
Verification 
If security bit 2 has not been programmed the on-chip program 
memory can be read out for program verification. To verify the 
contents of the program memory, the address of the location to be 
read is applied to ports 1 and 2 as shown in Figure 2. The other pins 
are held at the "Verify Code Data" levels indicated in Table 1. The 
contents of the addressed location will appear on port O. For this 
operation external pUll-ups are required on port a as shown in Figure 
2. Note that if the encryption table has been programmed the data 
presented at port a will be the exclusive NOR of the program byte 
with a byte from the encryption table. 


Signature 
Bytes 
The 87C51 contains two signature bytes that can be read and used 
by an EPROM programming system to identify the device. The 
signature bytes identify the device as an 87C51 manufactured by 
Philips. 


The signature bytes are read by the same procedure as a normal 
verification of locations o30H and o31H, except that P3.6 and P3.7 
need to be pulled to a logic low. The values are: 


(030H) = 
15H indicates the part is made by Philips 


(031H) = 
90H 
87C451 
92H 
87C51 
94H 
87C552 
96H 
87C550 
97H 
87C52 
99H 
87C654/87C652 


9BH 
87C528 
9CH 
87C592 
9DH 
87C524 
9EH 
87C598 
BoH 
87C575 
B1H 
87C51FA 
B2H 
87C51FB 
B3H 
87C51FC 
85H 
89CE558 
B6H 
87C576 
BBH 
87C504 
4BH 
87C055 
(06oH) 
FCH 87C51FC 


EPROM Erasure 
Erasure of the EPROM occurs when the chip is exposed to light with 
wavelengths shorter than 4000 angstroms. Sunlight and fluorescent 
lighting have wavelengths in this range, so exposure to these light 
sources over an extended period of time (about 1 week in sunlight, 
or 3 years in room level fluorescent lighting) could cause inadvertent 
erasure. It is recommended, for this reason, that an opaque label be 
placed over the window. If the part is subject to elevated 
temperatures or an environment where solvents are used, Kapton 
tape (Fluorglas part number 2345-5 or its equivalent) can be used. 


The recommended erasure procedure is to expose the chip to 
ultraviolet light (at 2537 angstroms) to an integrated dose of at least 
15W-seclcm2. 
Exposing the EPROM to an ultraviolet lamp of 


12,000~W/cm2 rating for 20 to 40 minu1es, at a distance of 1 inch, is 
adequate. 


Programming 
the 87C750, 
87C751 
and 87C752 


The 87C750, 87C751 and 87C752 are programmed using a 
Quick-pulse programming algorithm that is similar to that used for 
the 87C51. It differs from the 87C51 in that a serial data stream is 
used to place the 87C751 in the programming mode. 


Figure 3 shows a block diagram of the programming configuration 
for the 87C751. Port pin PO.2 is used for the programming voltage 
supply input (Vpp signal). Port pin PO.l is used for the program 
(PGM) signal. 


Port 3 accepts the address input for the EPROM location to be 
programmed. Both the high and low components of the eleven-bit 
address are presented to the part through port 3. Multiplexing of the 
address components is performed using ASEL (PO.O). 


Port 1 is used as a bidirectional data bus during programming and 
verify operations. During the programming mode, it accepts the by1e 


VppNIH 
VOLTAGE 
SOURCE 


CLKSOURCE 


to be programmed. In the verify mode, it retums the contents of the 
specified address location. 


The Xl pin is the oscillator input and receives the master system 
clock. This clock should be between 1.2 and 6MHz. 


The RESET pin is used to accept the serial data stream that places 
the 87C751 into various programming modes. This pattem consists 
of a 1O-bit code with the LSB send first. Each bit is synchronized to 
the clock input Xl. 


To program the 87C751 the part must be put into the programming 
mode by presenting the proper serial code (see Table 2) to the 
RESET pin. To do this RESET should be held high for at least two 
machine cycles. Port pins PO.l and PO.2 will be at VOH as a result 
of this, but they must be driven high prior to sending the serial data 
stream on the RESET pin. The serial data bits can now be 
transmitted over the RESET pin placing the 87C751 into one of the 
programming modes. Following the transmission of the last data bit, 
the reset pin should be held low. 


Next the address information for the location to be programmed is 
placed on Port 3 and ASEL is used to perform the address 
multiplexing. ASEL should be driven high and then Port 3 driven with 
the high-order address bits. ASEL is then driven low, latching the 
high-order bits internally. Port 3 can now be driven with the low 8 
bits of the address, completing the addressing of the location to be 
programmed. 


A high-voltage Vpp level is now applied to the Vpp input. This sets 
Port 1 as an input port. The data to be programmed to the EPROM 
array should be placed on Port 1. A series of 25 programming 
pulses is now applied to the PGM pin (PO.l) to program the 
addressed EPROM location. 


OPERATION 
SERIAL CODE 
PO.1 (PGMI) 
PO.2 (Vpp) 


Program user EPROM 
296H 
-" 
Vpp 


Verify user EPROM 
296H 
VIH 
VIH 


Program key EPROM 
292H 
-" 
Vpp 


Verify key EPROM 
292H 
V1H 
VIH 


Program security bit 1 
29AH 
-" 
Vpp 


Program security bit 2 
298H 
-" 
Vpp 


Verify security bits 
29AH 
VIH 
V1H 


Read signature bytes 
294H 
VIH 
VIH 


NOTE: 
" 
Pulsed from VIH to VIL and retumed to VIH. 


Program Verification 
The EPROM array can be verified by placing the part in the 
programming mode as described above and forcing the Vpp pin to 
the VOH level. Four machine cycles after addressing a location the 
contents of the addressed location will appear on Port 1. 


87C750, 87C751 and 87C752 Signature 
By1es 


The signature bytes for the 87C750, 87C751 and 87C752 are read 
differently and are in different locations than those on the 87C51. 
Due to its reduced pin count, the part has to be put into "Signature 
Byte Read Mode" by placing a 1O-bit serial data stream on the Reset 
pin. The proper code and the conditions of PO.1 and PO.2, for this 
mode, are shown in Table 2. 


Once the part has been placed into the Signature Byte Read Mode, 
the signature bytes can be read by the same procedure as a normal 
verification of locations 01EH and 01FH. The values are: 


01EH 
01FH 
01FH 


15H indicates the part is made by Philips 
91H - 87C751 
95H - 87C752 


Programming 
Features 
The 87C751 has all of the special programming features 
incorporated within its EPROM array that the 87C51 has. It has an 
encryption key table and two security bits. These function exactly as 
they do in the 87C51. They are programmed or verified by sending 
the proper code over the RESET pin (see Table 2) and then 
following the 87C751 programming procedure as described 
previously. 


Erasure Characteristics 
The erasure procedure is exactly the same as that described for the 
87C51. 


80C51-Based 
a-Bit Microcontrollers 


Section 3 
80C51 Family Derivatives 


CMOS single-chip B-bit microcontroller 
........•..•.... 


CMOS single-chip B-bit microcontrollers 
. 


CMOS single-chip B-bit microcontroller 
. 


B-bit microcontroller with EMC 
. 


CMOS single-chip B-bit microcontroller 
with NO and watchdog timer 
. 


8XC5521562 overview 
......................................•................. 


8XC552 OVERVIEW 
..............•....•..•....•.......•................... 


83C562 OVERVIEW 
...................•..•....•....•....•............•.... 


Differences From the 80C51 .............•....•........................... 


Program Memory 
........................•........................... 


Data Memory ....................•............•....•................. 
Special Function Registers 
........•.......•....•...................... 


TimerT2 
...........................•....•....•..•.•..•.............. 


Timer T3, The Watchdog Timer 
....................•....•....•......... 


Serial I/O ..........................•............•....•....•....•.... 
Reset Circuitry 
.......................................•.........•.... 


Interrupts 
.............•............................................. 


I/O Port Structure 
..............•.......•............................. 


Port 1 Operation 
..................•............•....•................ 


Port 5 Operation 
..................•...............•.•....•..•.•...... 


Pulse Width Modulated Outputs .....•...............•....•............. 
Analog-to-Digital Converter ............•....•.......•....•..•....•..... 
Power Reduction Modes 
. 


Memory Organization 
. 


8OC552183C552 
.Single-chip B-bit microcontroller with 1O-bit NO, 
capture/compare 
timer, high-speed outputs, PWM 


Single-chip B-bit microcontroller with 10-bit NO, 
capture/compare 
timer, high-speed outputs, PWM 


8OC3118OC51187C51 


83C51 FAl83C51 FBI 
83C51 FCI8OC51FA 


87C51 FAI87C51 FB 


87C51FC 


80CL31/80CL51 


87L51 FAl87L51 FB 


8OC32187C52 


8OC5218OC5418OC58 


87C54187C58 


83C145; 83C845 
83C055; 87C055 


BOCL410/B3CL410 


8OC451/83C451187C451 


8OC45Y83C453187C453 


83C508l87C508 


P83C524 


87C524 


80C528/83C528 


87C528 


P8xCE528 


BOC550/B3C550/B7C550 


P83CE5581P80CE5581 
P89CE558 


P83CE5591PBOCE559 


BOC5621B3C562 


CMOS single-chip 8-bit microcontrollers 
.....•....•.... 


CMOS single-chip B-bit microcontrollers 
.....•......... 


CMOS single-chip B-bit microcontroller 
. 


Low-voltage single-chip 8-bit microcontrollers 
. 


CMOS single-chip 3.0V 8-bit microcontrollers 
. 


CMOS single-chip B-bit microcontrollers 
. 


CMOS single-chip B-bit microcontrollers 
. 


CMOS single-chip B-bit microcontrollers 
. 


Microcontrollers for TV and video (MTV) . . . . . . . . . . . . . .. 
3-236 


Low voltagellow power single-chip 
B-bit microcontroller with ,2C . . . . . . . . . . . . . . . • . . . . . . . .. 
3-270 


3-292 


3-311 


3-334 


3-351 


3-372 


3-392 


3-410 


3-430 


CMOS single-chip B-bit microcontrollers 
. 


CMOS single-chip 8-bit microcontrollers 
_ 
. 


CMOS single-chip 8-bit microcontrollers 
........•...... 


B-bit microcontroller 
_..•...... 


Single-chip 8-bit microcontroller 
.. . . . . . . . . . . . • . . . . • . .. 
3-571 


Single-chip 8-bit microcontroller 
. . . . . . . . . . . . . . . . . . . . .. 
3-640 


Single-chip B-bit microcontroller with 8-bit NO, 
capture/compare 
timer, high-speed outputs, PWM 
3-70B 


3-25 


3-61 


3-B9 


3-117 


3-150 


3-166 


3-1B8 


3-215 


3-450 


3-473 
3-473 
3-473 
3-473 
3-473 
3-473 
3-473 
3-474 
3-480 
3-481 
3-512 
3-513 
3-517 
3-517 
3-517 
3-517 
3-517 
3-523 
3-525 


80C575/83C575m7C575 


83C576187C576 


P80CL580;P83CL580 


P8xC592 


P8xCE598 


80C652m3C652 


87C652 


83C654 


87C654 


83CE654 


83C748187C748 


83C749/87C749 


TPM749 


83C750m7C750 


83C751m7C751 


83C752m7C752 


83C754m7C754 


TPM754 


P83CL781;P83CL782 


BOCB51/B3CB51 


CMOS single-chip B-bit microcontrollers 
. .. . . . . . . . . . . .. 
3-721 


CMOS single-chip B-bit microcontrollers 
. .. .. . . . . . . . . .. 
3-756 


Low voltage B-bit microcontrollers 
3-79B 


B-bit microcontroller with on-chip CAN 
3-B69 


B-bit microcontroller with on-chip CAN 
3-969 


CMOS single-chip B-bit microcontrollers 
. . . . . • . . . . . . . .. 
3-992 


CMOS single-chip B-bit microcontroller 
......•.... 
_.... 
3-1010 


CMOS single-chip B-bit microcontroller 
.........•...... 
3-1030 


CMOS single-chip B-bit microcontroller 
3-104B 


CMOS single-chip B-bit microcontroller 
with Electromagnetic Compatibility improvements 
3-1069 


CMOS single-chip B-bit microcontrollers 
3-10B3 


CMOS single-chip B-bit microcontrollers 
3-1095 


Microcontrollerwith 
TrackPointT" 
microcode from IBM 
3-1110 


CMOS single-chip B-bit microcontrollers 
. . . . . . . . . . . . . .. 
3-1119 


CMOS single-chip B-bit microcontrollers 
3-1129 


CMOS single-chip B-bit microcontroller with AID, PWM .. 
3-1147 


CMOS single-chip B-bit microcontrollers 
. . . . . . . . . . . . . .. 
3-1165 


Microcontrollerwith 
TrackPoint'" 
microcode from IBM 
3-11B7 


Low voltage B-bit microcontrollers 
3-1195 


CMOS single-chip B-bit microcontroller 
with on-chip EEPROM 
3-1251 


DESCRIPTION 
The Philips 80C31/80C51/87C51 
is a high-performance 


microcontroller fabricated with Philips high-density CMOS 
technology. The CMOS 8XC51 is functionally compatible with the 
NMOS 8031/8051 microcontrollers. The Philips CMOS technology 
combines the high speed and density characteristics of HMOS with 
the low power attributes of CMOS. Philips epitaxial substrate 
minimizes latch-up sensitivity. 


The 8XC51 contains a 4k x 8 ROM (80C51) EPROM (87C51), a 128 
x 8 RAM, 32 1/0 lines, two 16-bit counterltimers, 
a five-source, 


two-priority level nested interrupt structure, a serial 1/0 port for either 
multi-processor communications, 
1/0 expansion or full duplex UART, 


and on-chip oscillator and clock circuits. 


In addition, the device has two software selectable modes of power 
reduction--idle 
mode and power-down mode. The idle mode freezes 


the CPU while allowing the RAM, timers, serial port, and interrupt 
system to continue functioning. The power-down mode saves the 
RAM contents but freezes the oscillator, causing all other chip 
functions to be inoperative. 


FEATURES 


.8031/8051 
compatible 


- 
4k x 8 ROM (80C51) 


- 
4k x 8 EPROM (87C51) 


- 
ROMless (80C31) 


-128x8RAM 


- 
Two 16-bit counterltimers 


- 
Full duplex serial channel 


- 
Boolean processor 


• Memory addressing capability 


- 
64k ROM and 64k RAM 


• Power control modes: 


- 
Idjemode 


- 
Power-down mode 


• CMOS and TIL compatible 


• Five speed ranges at Vcc = 5V 


- 
12MHz 


- 
16MHz 


- 
24MHz 


- 
33MHz 


• Five package styles 


• Extended temperature ranges 


• OTP package available 


EANpp 


ALEIPROO 


PHILIPS 
NORTH 
AMERICA 


DRAWING 
DRAWING 
TEMPERATURERANGEoC 
Freq 
EPROM 
NUMBER 
ROMless 
ROM 
NUMBER 
AND 
PACKAGE1 
MHz 


SC87C51CCF40 
0590B 
010 +70, Ceramic Dual In-line Package, UV 
3.51012 


SC87C51 CCK44 
1472A 
010 +70, Ceramic Leaded Chip Carrier, UV 
3.51012 


SC87C51 CCN40 
SOT129-1 
SC80C31 BCCN40 
SC80C51 BCCN40 
SOT129-1 
010 +70, Plaslic Dual In-line Package, OTP 
3.51012 


SC87C51CCA44 
SOT187-2 
SC80C31 BCCA44 
SC80C51 BCCA44 
SOT187-2 o 10+70, Plastic Leaded Chip Carrier, OTP 
3.51012 


SC87C51 CCB44 
SOT307-2 
SC80C31 BCCB44 
SC80C51 BCCB44 
SOT307-2 
010 +70, Plaslic Quad Flal Pack, OTP 
3.51012 


SC87C51 ACF40 
0590B 
-4010 +85, Ceramic Dual In-line Package, UV 
3.51012 


SC87C51 ACN40 
SOT129-1 
SC80C31 BACN40 
SC80C51 BACN40 
SOT129-1 
-40 10+85, Plaslic Dual In-line Package, OTP 
3.51012 


SC87C51 ACA44 
SOT187-2 
SC80C31 BACA44 
SC80C51 BACA44 
SOT187-2 
-40 10+85, Plaslic Leaded Chip Carrier, OTP 
3.51012 


SC87C51ACB44 
SOT307-2 
SC80C31 BACB44 
SC80C51 BACB44 
SOT307-2 
-40 10+85, Plastic Quad Flal Pack, OTP 
3.51012 


SC87C51CGF40 
0590B 
010 +70, Ceramic Dual In-line Package, UV 
3.51016 


SC87C51CGK44 
1472A 
010 +70, Ceramic Leaded Chip Carrier, UV 
3.51016 


SC87C51CGN40 
SOT129-1 
SC80C31 BCGN40 
SC80C51 BCGN40 
SOT129-1 
010 +70, Plaslic Dual In-line Package, OTP 
3.51016 


SC87C51CGA44 
SOT187-2 
SC80C31 BCGA44 
SC80C51 BCGA44 
SOT187-2 
010 +70, Plastic Leaded Chip Carrier, OTP 
3.51016 


SC87C51CGB44 
SOT307-2 
SC80C31 BCGB44 
SC80C51 BCGB44 
SOT307-2 o to +70, Plaslic Quad Flal Pack, OTP 
3.51016 


SC87C51AGF40 
0590B 
-4010 +85, Ceramic Dual In-line Package, UV 
3.51016 


SC87C51AGN40 
SOT129-1 
SC80C31 BAGN40 
SC80C51 BAGN40 
SOT129-1 
-40 to +85, Plaslic Dual in-line Package, OTP 
3.51016 


SC87C51AGA44 
SOT187-2 
SC80C31 BAGA44 
SC80C51 BAGA44 
SOT187-2 
-40 10+85, Plaslic Leaded Chip Carrier, OTP 
3.51016 


SC87C51AGB44 
SOT307-2 
SC80C31 BAGB44 
SC80C51 BAGB44 
SOT307-2 
-4010 +85, Piaslic Quad Flal Pack, OTP 
3.51016 


SC87C51CPF40 
0590B 
010 +70, Ceramic Dual In-line Package, UV 
3.51024 


SC87C51CPK44 
1472A 
010 +70, Ceramic Leaded Chip Carrier, UV 
3.51024 


SC87C51CPN40 
SOT129-1 
SC80C31 BCPN40 
SC80C51 BCPN40 
SOT129-1 
010 +70, Plaslic Dual In-line Package, OTP 
3.51024 


SC87C51CPA44 
SOT187-2 
SC80C31 BCPA44 
SC80C51 BCPA44 
SOT187-2 o 10+70, Plastic Leaded Chip Carrier, OTP 
3.51024 


SC87C51APF40 
0590B 
-4010 +85, Ceramic Dual In-line Package, UV 


SC87C51APN40 
SOT129-1 
SC80C31 BAPN40 
SC80C51 BAPN40 
SOT129-1 
-4010 +85, Plastic Dual In-line Package, OTP 
3.51024 


SC87C51 APA44 
SOT187-2 
SC80C31 BAPA44 
SC80C51 BAPA44 
SOT187-2 
-40 10+85, Plaslic Leaded Chip Carrier, OTP 
3.51024 


SC87C51CYF40 
0590B 
010 +70, Ceramic Duai In-line Package, UV 
3.51033 


SC87C51CYK44 
1472A 
010 +70, Ceramic Leaded Chip Carrier, UV 
3.51033 


SC87C51 CYN40 
SOT129-1 
SC80C31 BCYN40 
SC80C51 BCYN40 
SOT129-1 
010 +70, Plaslic Dual In-line Package, OTP 
3.5 to 33 


SC87C51CYA44 
SOT187-2 
SC80C31 BCYA44 
SC80C51 BCYA44 
SOT187-2 o 10+70, Plastic Leaded Chip Carrier, OTP 
3.51033 


1. OTP = One Time Programmable 
EPROM. 
UV = UV Erasable EPROM 


2. 
SOT311 replaced by SOT307-2. 


PHILIPS 


ROMless 
ROMless 
DRAWING 
TEMPERATURE 
RANGE °C 
Freq 


(ORDER 
NUMBER) 
(MARKING 
NUMBER) 
ROM 
NUMBER 
AND PACKAGEl 
MHz 


PCB80C31-2 N 
PCB80C31 BH2-12P 
PCB80C51 BH-2P 
SOT129-1 
o to +70, Plastic Dual In-line Package, OTP 
0.5 to 12 


PCB80C31-2 A 
PCB80C31 BH2-12WP 
PCB80C51 BH-2WP 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier, OTP 
0.5 to 12 


PCB80C31BH2-12H 
PCB80C51 BH-2H 
SOT307-22 
o to +70, Plastic Quad Flat Pack, OTP 
0.5 to 12 


., 


PCB80C31-3 N 
PCB80C31 BH3-16P 
PCB80C51 BH-3P 
SOT129·1 
o to +70, Plastic Dual In-line Package, OTP 
1.2to 16 


PCB80C31-3 A 
PCB80C31BH3-16WP 
PCB80C51 BH-3WP 
SOT187·2 
o to +70, Plastic Leaded Chip Carrier, OTP 
1.2to 16 


PCB80C31BH3-16H 
PCB80C51 BH-3H 
SOT307·22 
o to +70, Plastic Quad Flat Pack, OTP 
1.2 to 16 


PCF80C31-3 N 
PCF80C31BH3-16P 
PCF80C51 BH-3P 
SOT129-1 
-40 to +85, Plastic Dual In-line Package, OTP 
1.2 to 16 


PCF80C31-3 A 
PCF80C31 BH3-16WP 
PCF80C51 BH-3WP 
SOT187·2 
-40 to +85, Plastic Leaded Chip Carrier, OTP 
1.2 to 16 


PCF80C31 BH3-16H 
PCF80C51 BH-3H 
SOT307-22 
-40 to +85, Plastic Quad Flat Pack, OTP 
1.2to 16 


PCA80C31BH3-16P 
PCA80C51 BH-3P 
SOT129·1 
-40 to +125, Plastic Dual In·line Package 
1.2 to 16 


PCA80C31BH3-16WP 
PCA80C51 BH-3WP 
SOT187-2 
-40 to +125, Plastic Leaded Chip Carrier 
1.2 to 16 


PCB80C31-4 N 
PCB80C31 BH4-24P 
PCB80C51 BH-4P 
SOT129-1 
o to +70, Plastic Dual In-line Package, OTP 
1.2 to 24 


PCB80C31-4 A 
PCB80C31 BH4-24WP 
PCB80C51 BH-4WP 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier, OTP 
1.2t024 


PCB80C31 BH4-24H 
PCB80C51 BH-4H 
SOT307-22 
o to +70, Plastic Quad Flat Pack, OTP 
1.2 to 24 


PCF80C31·4 N 
PCF80C31 BH4-24P 
PCF80C51 BH-4P 
SOT129-1 
-40 to +85, Plastic Dual In-line Package, OTP 
1.2to 24 


PCF80C31-4 A 
PCF80C31 BH4-24WP 
PCF80C51 BH-4WP 
SOT187-2 
-40 to +85, Plastic Leaded Chip Carrier, OTP 
1.2to 24 


PCF80C31 BH4-24H 
PCF80C51 BH-4H 
SOT307·22 
-40 to +85, Plastic Leaded Chip Carrier, OTP 
1.2to 24 


PCB80C31-5 N 
PCB80C31 BH5-30P 
PCB80C51 BH·5P 
SOT129-1 
o to +70, Plastic Dual In-line Package 
1.2t033 


PCB80C31-5 A 
PCB80C31 BH5-30WP 
PCB80C51 BH-5WP 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier 
1.2to 33 


PCB80C31-5 B 
PCB80C3l BHS-30H 
PCB80CSl BH-SH 
SOT307-22 
o to +70, Plastic Quad Flat Pack 
1.21033 


CERAMIC 
AND PLASTIC 
LEADED 
CHIP CARRIER 


PIN FUNCTIONS 


17 
29 


18 
28 


Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC' 
16 
P3.4IT0 
31 
P2.7/A15 


2 
P1.0 
17 
P3.5fTl 
32 
l'Sm 


3 
P1.1 
18 
P3.6IWR 
33 
ALEII'ROG 


4 
PL2 
19 
P3.7/RIl 
34 
NC' 


5 
PL3 
20 
XTAL2 
35 
E};Npp 


6 
P1.4 
21 
XTAL1 
36 
PO.71AD7 


7 
PL5 
22 
VSS 
37 
PO.61AD6 


8 
P1.6 
23 
NC' 
38 
PO.SlAD5 


9 
Pl.7 
24 
P2.OIAB 
39 
PO.41AD4 


10 
RST 
25 
P2.1/A9 
40 
PO.31AD3 


11 
P3.OIRxD 
26 
P2.21A10 
41 
PO.21AD2 


12 
NC' 
27 
P2.31A11 
42 
PO.HAD1 


13 
P3.1/TxD 
28 
P2.4/A12 
43 
PO.OIADO 


14 
P3.2III'Irn 
29 
P2.5/A13 
44 
VCC 


15 
P3.3IIRTf 
30 
P2.61A14 


• DO NOT CONNECT 
SUOOOO2 


LOGIC SYMBOL 


VCC 
Vss 
1 


RST 


E};Npp 
l'Sm 


<f) 
ALEII'ROG 


gr 'n>--> 1'--> 
o 
TxO....- 


~ 
Jlirrn--... 
(") 
> 
1JiITl-+ •.... 


a: 
TO-+ 
15 
~ 
Tl-.,.o.. 


8 ~:= 
w 
<f) 


SUOIXXJ4 


PLASTIC 
QUAD 
FLAT PACK 
PIN FUNCTIONS 


11 
23 


12 
22 


PIn 
function 
PIn 
Function 
PIn 
Function 


1 
P1.5 
16 
Vss 
31 
PO.61AD6 


2 
P1.6 
17 
NC' 
32 
PO.5/AD5 


3 
PL7 
18 
P2.OIA8 
33 
PO.4/AD4 


4 
RST 
19 
P2.1/A9 
34 
PO.31AD3 


5 
P3.OIRxD 
20 
P2.21A10 
35 
PO.21AD2 


6 
NC' 
21 
P2.31A11 
36 
PO.1/AD1 


7 
P3.1/TxD 
22 
P2.41A12 
37 
PO.OIADO 


8 
P3.2III'Irn 
23 
P2.SlA13 
38 
Vcc 


9 
P3.3IIRTf 
24 
P2.61A14 
39 
NC' 


10 
P3.4IT0 
25 
P2.7/A15 
40 
P1.0 


11 
P3.5fT1 
26 
l'Sm 
41 
Pl.1 


12 
P3.6IWR 
27 
ALEII'ROG 
42 
P1.2 


13 
P3.7/RIl 
28 
NC' 
43 
P.13 


14 
XTAL2 
29 
E};Npp 
44 
P1.4 


15 
XTAL1 
30 
PO.7/AD7 


• DO NOT CONNECT 
SUOOOO3 


r------------- 
I 


1 


vcclI 
vsslr' 
-=-1 
I 
I 


5BUF 
IE 
IP 


INTERRUPT, 
SERIAL 
PORT AND TIMER 
BLOCKS 


PIN NO. 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
38 
I 
Power Supply: 
This is the power supply voltage for normal, idle, and power-down 


operation. 


PO.O-O.7 
39-'32 
43-36 
37-30 
110 
Port 0: Port 0 is an open-drain, bidirectional 
110 port. Port 0 pins that have 1s written to 


1hem float and can be used as high-impedance 
inputs. Port 0 is also the multiplexed 


low-order address and data bus during accesses to ex1emal program and data memory. In 
this application, it uses strong internal pull-ups when emitting 1s. Port 0 also outputs the 
code by1es during program verification in the 87C51. External pull-ups are required during 
program verification. 


P1.o-P1.7 
1-8 
2-9 
40-44, 
110 
Port 1: Port 1 is an 8-bit bidirectional 
110 port with internal pull-ups. Port 1 pins that have 1s 


1-3 
written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 1 pins that are externally pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: 
IILl. Port 1 also receives the low-order address 


by1eduring program memory verification. 


P2.o-P2.7 
21-28 
24-31 
18-25 
110 
Port 2: Port 2 is an 8-bit bidirectional 
110 port with internal pull-ups. Port 2 pins that have 1s 


written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 2 pins that are externally being pulled low will source current because of the 
internal pull-ups. (See DC Electrical Characteristics: 
IILl. Port 2 emits the high-order 


address by1eduring fetches from external program memory and during accesses to 
external data memory that use 16-bit addresses (MOVX @DPTR). In this application, it 
uses strong intemal pull-ups when emitting 1s. During accesses to external data memory 
that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function 
register. 


P3.o-P3.7 
10-17 
11, 
5, 
110 
Port 3: Port 3 is an 8-bit bidirectional 
110 port with intemal pull-ups. Port 3 pins that have 1s 
13-19 
7-13 
written to thern are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 3 pins that are ex1ernally being pulled low will source current because of the 
pull-ups. (See DC Electrical Characteristics: 
IILl. Port 3 also serves the special features of 


the 80C51 family, as listed below: 


10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
INTO (P3.2): External interrupt 


13 
15 
9 
I 
mTl 
(P3.3): External interrupt 


14 
16 
10 
I 
TO (P3.4): TIrner 0 external input 


15 
17 
11 
I 
T1 (P3.5): TImer 1 external input 


16 
18 
12 
0 
WJI (P3.6): External data memory write strobe 


17 
19 
13 
0 
An (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vcc. 


ALEfI5mm 
30 
33 
27 
110 
Address 
Latch Enable/Program 
Pulse: Output pulse for latching the low by1e of the 


address during an access to extemal memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to extemal data memory. This pin is 
also the program pulse input (t'l'lOO) during EPROM programming. 


'F'SEN 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to external program memory. When the device is 


executing code from the external program memory, 'F'SEN is activated twice each machine 
cycle, except that two 'F'SEN activations are skipped during each access to external data 
memory. 'F'SENis not activated during fetches from internal program memory. 


r:PNpp 
31 
35 
29 
I 
External 
Access 
EnablelProgramming 
Supply 
Voltage: Ell must be externally held low 


to enable the device to fetch code from external program rnemory locations OOOOHto 
OFFFH. If Ell is held high, the device executes from internal program memory unless the 
program counter contains an address greater than OFFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
ADDRESS MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


AUXR# 
Auxiliary 
8EH 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
AO 
xxxxxxxOB 


AUXR1# 
Auxiliary 1 (Note 2) 
A2H 
- 
I 
- 
I 
- 
I 
- 
I WUPD I 
0 
I - 
I 
DPS 
xxxxOOxOB 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data Pointer (2 bytes) 
DPH 
Data Pointer High 
83H 
OOH 
DPL 
Data Pointer Low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE' 
Interrupt Enable 
A8H 
EA 
I 
EC 
I 
ET2 
I 
ES 
I 
ET1 
I EX1 I ETO I 
EXO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP' 
Interrupt Priority 
B8H 
- 
I 
- 
I 
PT2 
I 
PS 
I 
PT1 
I PX1 I PTO I 
PXO 
xOOOOOOOB 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


IPH# 
Interrupt Priority High 
B7H 
- 
I 
- 
I PT2H I 
PSH I PT1H I PX1H I PTOH I PXOH 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO' 
PortO 
80H 
AD7 
I 
AD6 
I 
ADS 
I 
AD4 
I 
AD3 
I AD2 I AD1 I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1' 
Port 1 
90H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I - 
I T2EX I 
T2 
FFH 


A7 
A6 
AS 
A4 
A3 
A2 
A1 
AO 


P2' 
Port 2 
AOH 
AD15 I AD14 I AD13 I AD12 I AD11 I AD10 I AD9 I 
AD8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3' 
Port 3 
BOH 
"AU 
I 
WR 
I 
T1 
I 
TO 
I IlIITf 
I lNTO I TxD I 
RxD 
FFH 


PCON#' 
Power Control 
87H 
SMeDl I SMODOI 
- 
I 
- 
I 
GF1 
I GFO I 
PD 
I 
IDL 
OOxxOOOOB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW' 
Program Status Word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 
I 
RSO I 
OV 
I - 
I 
P 
DOH 


SADDR# 
Slave Address 
A9H 
DOH 


SADEN# 
Slave Address Mask 
B9H 
DOH 


SBUF 
Serial Data Buffer 
99H 
xxxxxxxxB 
9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCOW 
Serial Control 
98H 
SMOIFE I 
SM1 
I 
SM2 
I REN I 
TB8 
I RB8 I 
TI 
I 
RI 
DOH 


SP 
Stack Pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCOW 
Timer Control 
88H 
TF1 
I 
TR1 
I 
TFO I 
TRO I 
IE1 
I 
IT1 I 
IEO I 
ITO 
DOH 


CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 


T2MOD# 
Timer 2 Mode Control 
C9H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I - 
I T20E I DCEN 
xxxxxxOOB 
THO 
Timer High 0 
8CH 
DOH 


TH1 
Timer High 1 
8DH 
DOH 


TLO 
Timer Low 0 
8AH 
DOH 


TL1 
Timer Low 1 
8BH 
DOH 


TMOD 
Timer Mode 
89H 
GATE I crr 
I 
M1 
I 
MO 
I GATE I crr 
I 
M1 
I 
MO 
DOH 
SFRs are bit addressable. 
# 
SFRs are modified from or added to the 80C51 SFRs. 


- 
Reserved bits. 
1. Reset value depends on reset source. 
2. 
Available only on SC80C51. 


OSCILLATOR 
CHARACTERISTICS 


XTAL 1 and XTAL2 are the input and output, respectively, of an 
inverting amplifier. The pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol. 


To drive the device from an external clock source, XTAL 1 should be 
driven while XTAL2 is left unconnected. There are no requirements 
on the duty cycle of the external clock signal, because the input to 
the internal clock circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and low times specified in 
the data sheet must be observed. 


RESET 
A reset is accomplished 
by holding the RST pin high for at least two 


machine cycles (24 oscillator periods), while the oscillator is running. 
To insure a good power-up reset, the RST pin must be high long 
enough to allow the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep while all of the on-ehip 
peripherals stay active. The instruction to invoke the idle mode is the 
last instruction executed in the normal operating mode before the 
idle mode is activated. The CPU contents, the on-ehip RAM, and all 
of the special function registers remain intact during this mode. The 
idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the interrupt service routine 
and continued), or by a hardware reset which starts the processor in 
the same manner as a power-on reset. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is stopped and the 
instruction to invoke power-down is the last instruction executed. 
Only the contents of the on-chip RAM are preserved. A hardware 
reset is the only way to terminate the power-down mode. the control 
bits for the reduced power modes are in the special function register 
PCON. 


MODE 
PROGRAM MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


ROM CODE SUBMISSION 
When submitting ROM code for the 80C51 , the following must be specified: 
1. 4k byte user ROM data 


2. 64 byte ROM encryption key (SC80C51 only) 


3. 
ROM security bits (SC80C51 only). 


ADDRESS 
CONTENT 
BIT(S) 
COMMENT 


OOOOHto OFFFH 
DATA 
7:0 
User ROM Data 


1000H to 101FH 
KEY 
7:0 
ROM Encryption Key 


1020H 
SEC 
0 
ROM Security Bit 1 


1020H 
SEC 
1 
ROM Security Bit 2 


Security 
Bit 1: When programmed, this bit has two effects on masked ROM parts: 
1. External MOVC is disabled, and 
2. 
EA# is latched on Reset. 


Security 
Bit 2: When programmed, this bit inhibits Verify User ROM. 


Electrical 
Deviations 
from Commercial 
Specifications 
for Extended 
Temperature 
Range (87C51) 


DC and AC parameters not included here are the same as in the commercial temperature range table. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= -40°C to +85°C, vcc = 5V ±10%, Vss = OV (Philips North America SC87C51); 
For SC87C51 (33M Hz only), Tamb= O°C to +70°C, Vcc = 5V ±5% 
Tamb= -40°C to +85°C, Vcc = 5V ±10%, Vss = OV (PCB80C31/51 and PCF80C31/51 Philips Parts Only) 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage, except E7\ (Philips North America) 
-0.5 
0.2VcC-O·15 
V 


VIL 
Input low voltage, except E7\ (Philips) 
-0.5 
0.2VcC-O·25 
V 


VIL1 
Input low voltage to E7\ 
-0.5 
0.2Vcc-°.45 
V 


VIH 
Input high voltage, except XTAL 1, RST 
. 
0.2Vcc+1 
Vcc+0.5 
V 


VIHl 
Input high voltage to XTAL 1, RST 
0·7Vcc+0.1 
Vcc+0.5 
V 


IlL 
Logical 0 input current, ports 1, 2, 3 
VIN = 0.45V 
-75 
1IA 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3 
VIN= 2.0V 
-750 
1IA 


Icc 
Power supply current: 
Vcc = 4.5-5.5V 


Active model 
@ 16MHz (Philips PCB80C31/51, PCF80C31/51) 
25 
mA 
Active mode 
@ 12MHz (Philips North America SC87C51) 
20 
mA 


Idle mode2 
@ 16MHz (Philips PCB80C31/51, 
PCF80C31/51) 
6.5 
mA 
Idle mode 
@ 12MHz (Philips North America SC87C51) 
5 
mA 
Power-down mode3 (Philips PCB80C31/51, 
PCF80C31/51) 
75 
1IA 
Power-down mode (Philips North America SC87C51) 
50 
1IA 


NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t, = tf = 10ns; VIL = Vss + 0.5V; 


VIH = Vcc - 0.5V; XTAL2 not connected; E7\ = RST = Port 0 = Vcc· 
2. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t,.= tf = 10ns; VIL = Vss + 0.5V; 


VIH = Vcc - 0.5V; XTAL2 not connected; E7\ = Port 0 = Vcc; RST = Vss. 


3. The power-down current is measured with all output pins disconnected, XTAL2 not connected, E7\ = Port 0 = Vcc; RST = Vss. 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
- 
o to +70 or-40 
to +85 
°C 


Storage temperature range 
-65 to +150 
°C 


Voltage on E7\1Vpppin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Maximum IOLper 1/0 pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not device power consumption) 
1.5 
W 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O'C to +70'C or --40'C to +85'C, Vcc = 5V ±20%, Vss = OV (PCB80C31/51 and PCF80C31/51) 
(12,16, and 24MHz versions) 
Tamb= O'C to +70'C or --40'C to +85'C, Vcc = 5V ±10%, Vss = OV (87C51 12,16, and 24MHz versions) (PCB80C31/51 33MHz version); 
For SC87C51 (33MHz only) Tamb= O'C to +70'C, Vcc = 5V ±5% 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYPICAL1 
MAX 
UNIT 


VIL 
Input low voltage, except EA" 
-0.5 
0.2Vcc-O·1 
V 


VIL1 
Input low voltage to EA" 
0 
0.2Vcc-O·3 
V 


VIH 
Input high voltage, except XTAL 1, RST7 
0.2Vcc+0.9 
Vcc+0.5 
V 


VIH1 
Input high voltage, XTAL 1, RST7 
0.7Vcc 
Vcc+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 311 
IOL= 1.6mA2 
0.45 
V 


VOL1 
Output low voltage, port 0, ALE, PSEfi[11 
IOL= 3.2mA2 
0.45 
V 


VOH 
Output high voltage, ports 1, 2, 3, ALE, PSEif3 
IOH= -601JA, 
2.4 
V 


IOH=-25J.lA 
0.75Vcc 
V 
IOH= -101JA 
0.9Vcc 
V 


VOH1 
Output high voltage (port 0 in external bus mode) 
IOH= -8001JA, 
2.4 
V 


IOH= -3001JA 
0.75Vcc 
V 


IOH= -601JA 
0.9Vcc 
V 


IlL 
Logical 0 input current, ports 1, 2, 37 
VIN = 0.45V 
-50 
J.lA 


ITL 
LogicaI1-to-0 
transition current, ports 1, 2, 37 
See note 4 
-650 
J.lA 


III 
Input leakage current, port 0 
VIN = VIL or VIH 
±10 
J.lA 


Icc 
Power supply current:? 
See note 6 


Active mode @ 12MHz8 (Philips) 
18 
mA 
Active mode @ 12MHz5 (Philips North America) 
11.5 
19 
mA 


Idle mode @ 12MHz9 (Philips) 
4.4 
mA 
Idle mode @ 12MHz (Philips North America) 
1.3 
4 
mA 
Power-down mode10 (Philips and 
3 
50 
J.lA 


Philips North America) 


RRST 
Internal reset puli-down resistor 
(Philips North America) 
50 
300 
kil 
(Philips) 
50 
150 
kil 


CIO 
Pin capacitance 12 
10 
pF 
NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VoLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 


3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEfi[ to momentarily fali below the 0.9V cc specification when the 
address bits are stabilizing. 
4. 
Pins of ports 1, 2 and 3 source a transition current when they are being externaliy driven from 1 to o. The transition current reaches its 
maximum value when VIN is approximately 
2V. 
5. 
ICCMAXat other frequencies (for Philips North America parts) is given by: Active mode: ICCMAX= 1.43 X FREQ + 1.90; 
Idle mode: ICCMAX= 0.14 X FREQ +2.31, where FREQ is the external oscillator frequency in MHz. ICCMAXis given in mA. See Figure 8. 


6. 
See Figures 9 through 12 for Icc test conditions. 


7. 
For Philips North America parts when Tamb= --40'C to +85'C or Philips parts when Tamb= --40'C to +125'C, see OC Electrical 
Characteristics table on previous page. 


8. The operating supply current is measured with ali output pins disconnected; XTAL 1 driven with t, = tf = 10ns; V1L= Vss + 0.5V; 
V1H= Vcc - 0.5V; XTAL2 not connected; Ell = RST = Port 0 = Vcc. 
9. The idle mode supply current is measured with ali output pins disconnected; XTAL 1 driven with t, = tf = 10ns; V1L= Vss + 0.5V; 


V1H= Vcc - 0.5V; XTAL2 not connected; Ell = Port 0 = Vcc; RST = Vss. 


10.The power-down current is measured with all output pins disconnected, XTAL2 not connected, Ell = Port 0 = Vcc; RST = Vss. 
11. Under steady state (non-transient) conditions, IOLmust be externaliy limited as foliows: 


Maximum IOLper port pin: 
15mA 


Maximum IOLper B-bit port: 
26mA 


Maximum IOLtotal for ali outputs: 
67mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


12. Pin capacitance for the ceramic 01P package is 15pF maximum. 


DC ELECTRICAL 
CHARACTERISTICS 
FOR PHILIPS 
NORTH AMERICA 
DEVICES 
(SC80C31 
AND SC80C51) 
Tamb= O°C to +70°C or-40°C 
to +B5°C, Vee = 5V±10%; 
Vss = OV 


TEST 
LIMITS 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


MIN 
TYp1 
MAX 


VIL 
Input low voltage 
4.5V < Vee < 5.5V 
-0.5 
0.2VeC-O·1 
V 


VIH 
Input high voltage (ports 0, 1, 2, 3, EA) 
0.2Vee+0.9 
Vee+0.5 
V 


VIH1 
Input high voltage, XTAL 1, RST 
0.7Vcc 
Vee+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 38 
Vee= 
4.5V 
004 
V 
IOL= 1.6mA2 


Vou 
Output low voltage, port 0, ALE, "F'SEij8, 7 
Vcc = 4.5V 
0.4 
V 
IOL= 3.2mA2 


VOH 
Output high voltage, ports 1, 2, 3 3 
Vcc=4.5V 
Vee-0.7 
V 
IOH= -301lA 


VOH1 
outPu~oltage 
(port 0 in external bus mode), 
Vee = 4.5V 
Vce - 0.7 
V 
ALE9, 
IOH=-3·2mA 


IlL 
Logical 0 input current, ports 1, 2, 3 
V1N= OAV 
-1 
-50 
IlA 


'TL 
Logical 1-to-0 transition current, ports 1, 2, 36 
VIN = 2.0V 
-650 
lJA 
See note 4 


III 
Input leakage current, port 0 
0045 < V1N< Vec - 0.3 
±10 
lJA 


Ice 
Power supply current (see Figure B): 
See note 5 


Active mode @ 16MHz5 
11.5 
32 
IlA 
Idle mode @ 16MHz5 
1.3 
5 
lJA 
Power-down mode 
Tamb= 0 to +70°C 
3 
50 
lJA 


Tamb= -40 to +B5°C 
75 
lJA 


RRST 
Internal reset pull-down resistor 
40 
225 
kQ 


CIO 
Pin capacitance 10 (except EA) 
15 
pF 


NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VoLs of ALE and ports 1 and 3. The noise is due 
to eldemal bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed O.BV.In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and "PSEN to momentarily fall below the (VcC-O. 7) specification when the 
address bits are stabilizing. 


4. 
Pins of ports 1, 2 and 3 source a transition current when they are being eldernally driven from 1 to O.The transition current reaches its 
maximum value when V1Nis approximately 2V. 
5. 
See Figures 9 through 12 for Ice test conditions. 


Active Mode: 
Ice = 1.5 x FREQ + 8.0; 
Idle Mode: 
Icc = 0.14 x FREQ +2.31; See Figure B. 
6. 
This value applies to Tomb= O°Cto +70°C. For Tamb= -40°C to +B5°C, ITL= -750lJA. 


7. 
Load capacitance for port 0, ALE, and"PSEN = 100pF, load capacitance for all other outputs = BOpF. 


8. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
15mA (·NoTE: This is B5°C specification.) 


Maximum IOLper B-bit port: 
26mA 


Maximum total IOLfor all outputs: 
71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 
9. 
ALE is tested to VOH1,except when ALE is off then VOH is the voltage specification. 


10. Pin capacitance is characterized but not tested. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF 
(except EA it is 25pF). 


AC ELECTRICAL 
CHARACTERISTICS 
FOR SC87C5112-33MHz 
PHILIPS 
NORTH 
AMERICA 
DEVICES 
Tamb= O°C to +70°C or-40°C 
to +85°C, VCC = 5V ±10%, Vss = OV (SC87C51 12,16 and 24MHz versions); 


For SC87C51 (33MHz only) Tamb= = O°C to +70°C, VCC = 5V ±5% 


VARIABLE 
CLOCK3 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
UNIT 


1!tcLCL 
Oscillator frequency: 
Speed Versions 
SC87C51 
C 
3.5 
12 
MHz 


G 
3.5 
16 
MHz 


P 
3.5 
24 
MHz 
Y 
3.5 
33 
MHz 


It.HLL 
1 
ALE pulse width 
2lcLCL-40 
ns 


tAVLL 
1 
Address valid to ALE low 
IcLCL-13 
ns 


tLLAX 
1 
Address hold after ALE low 
IcLCL-20 
ns 


tLLlV 
1 
ALE low to valid instruction in 
4tCLCL--65 
ns 


!LLPL 
1 
ALE low to 1"SEN 
low 
tCLCL-13 
ns 


tPLPH 
1 
1"SEN 
pulse width 
3lcLCL-20 
ns 


tPLIV 
1 
1"SEN 
low to valid instruction in 
3tCLCL-45 
ns 


tpXIX 
1 
Input instruction hold after 1"SEN 
0 
ns 


tPXIZ 
1 
Input instruction float after 1"SEN 
IcLCL-10 
ns 


tAVIV 
1 
Address to valid instruction in 
5lcLCL-55 
ns 


tpLAZ 
1 
1"SEN 
low to address float 
10 
ns 


Data Memory 


tRLRH 
2,3 
AU pulse width 
6lcLCL-100 
ns 


tWLWH 
2,3 
WR pulse width 
6lcLCL-100 
ns 


tRLDV 
2,3 
AU low to valid data in 
5tCLCL-90 
ns 


tRHDX 
2,3 
Data hold after AU 
0 
ns 


tRHDZ 
2,3 
Data float after AU 
2lcLCL-28 
ns 


tLLDV 
2,3 
ALE low to valid data in 
8lcLCL-150 
ns 


tAvDV 
2,3 
Address to valid data in 
9lcLCL-165 
ns 


It.LWL 
2,3 
ALE low to AU or WR low 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
2,3 
Address valid to WR low or AU low 
4lcLCL-75 
ns 


Iovwx 
2,3 
Data valid to WR transition 
tCLCL-20 
ns 


tWHQX 
2,3 
Data hold after WR 
tCLCL-20 
ns 


tRLAZ 
2,3 
AU low to address float 
0 
ns 


tWHLH 
2,3 
AU or WR high to ALE high 
tCLCL-20 
tCLCL+25 
ns 


External 
Clock 


IcHCX 
5 
High time 
12 
ns 


IcLCX 
5 
Low time 
12 
ns 


IcLCH 
5 
Rise time 
20 
ns 


IcHCL 
5 
Fall time 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and 1"SEN 
= 1OOpF,load capacitance for all other outputs ~ BDpF. 


3. 
For all Philips North America speed versions only. 
4. 
Interfacing the 87C51 to devices with float times up to 50ns is permitted. This limited bus contention will not cause damage to port 0 drivers. 


AC ELECTRICAL 
CHARACTERISTICS 
FOR PHILIPS 
DEVICES 


Tamb = O°C to +70°C, VCC = 5V ±20%, VSS = OV (PCB80C31 /51 , PCF80C31/51)1. 2,4, 5 


VARIABLE 
CLOCK3 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
UNIT 


1ltcLCL 
Oscillator frequency: 
Speed Versions 


PCB8031/51 
-2 
0.5 
12 
MHz 
PCAlPCBlPCF80C31/51 
-3 
1.2 
16 
MHz 
PCB/PCF80C31/51 
-4 
1.2 
24 
MHz 
PCB/FB80C31/51 
-5 
1.2 
33 
MHz 


ILHLL 
1 
ALE pulse width 
2tcLCL-40 
ns 


IAVLL 
1 
Address valid to ALE low 
tCLCL-25 
ns 


ILLAX 
1 
Address hold after ALE low 
tCLCL-25 
ns 


tLLlV 
1 
ALE low to valid instruction in 
4tCLCL~5 
ns 


tLLPL 
1 
ALE low to 'F'SEliIlow 
tCLCL-25 
ns 


tPLPH 
1 
'F'SEliI pulse width 
3lcLCL-45 
ns 


tpLiv 
1 
'F'SEliIlow to valid instruction in 
3lcLCL~0 
ns 


tpXIX 
1 
Input instruction hold after 'F'SEliI 
0 
ns 


IpXIZ 
1 
Input instruction float after 'F'SEliI 
IcLCL-25 
ns 


tAVIV 
1 
Address to valid instruction in 
5tCLCL-80 
ns 


tpLAZ 
1 
'F'SEliIlow to address float 
10 
ns 


Data Memory 


IRLRH 
2,3 
"ROpulse width 
6lcLCL-100 
ns 


tWLWH 
2,3 
WR pulse width 
6lcLCL-100 
ns 


tRLDV 
2,3 
"ROlow 10 valid data in 
5lcLCL-90 
ns 


tRHDX 
2,3 
Data hold after "RO 
0 
ns 


tRHDZ 
2,3 
Data float after "RO 
2tcLCL-28 
ns 


ILLDv 
2,3 
ALE low to valid data in 
8lcLCL-150 
ns 


tAVDV 
2,3 
Address to valid data in 
91cLCL-165 
ns 


ILLWL 
2,3 
ALE low to "ROor WR low 
3lcLcL-50 
3lcLCL+50 
ns 


tAVWL 
2,3 
Address valid to WR low or "ROlow 
4lcLcL-75 
ns 


tovwx 
2,3 
Data valid to WR transition 
tCLCL-30 
ns 


tWHQX 
2,3 
Data hold after WR 
tCLCL-25 
ns 


IRLAZ 
2,3 
"ROlow 10 address float 
0 
ns 


tWHLH 
2,3 
"ROor WR high to ALE high 
IcLCL-25 
IcLCL+25 
ns 


External 
Clock 


tCHCX 
5 
High time 
15 
ns 


tCLCX 
5 
Low time 
15 
ns 


tCLCH 
5 
Rise time 
20 
ns 


IcHcL 
5 
Fall time 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and'F'SElil = 100pF, load capacitance for all other outputs = 80pF. 
3. 
For all Philips speed versions only. 


4. 
Interfacing the 80C31/51 
to devices with float times up to 30ns is permitted. This limited bus contention will not cause damage to port 0 
drivers. 


5. VCC = 5V ±10% for 33MHz. 


AC ELECTRICAL 
CHARACTERISTICS 
FOR PHILIPS 
NORTH AMERICA 
DEVICES 
(SC80C31 
AND SC80C51) 


Tamb= O°C to +70°C or --40°C to +85°C, VCC= 5V ±10%, Vss = OV1,2,3 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lclCl 
1 
Oscillator frequency 
Speed versions 
:C,G 
3.5 
16 
MHz 


tlHll 
1 
ALE pulse width 
8S 
2lclCl--40 
ns 


tAVll 
1 
Address valid to ALE low 
22 
tClCl --40 
ns 


tlLAX 
1 
Address hold after ALE low 
32 
lclCl-30 
ns 


tLLlV 
1 
ALE low to valid instruction in 
150 
4lclCl-100 
ns 


tllPl 
1 
ALE low to PSElIllow 
32 
lclCl-30 
ns 


tPlPH 
1 
PSElIl pulse width 
142 
3lclCl--4S 
ns 


tpLiv 
1 
PSElIllow 
to valid instruction in4 
82 
3lclCl-105 
ns 


tPXIX 
1 
Input instruction hold after PSElIl 
0 
0 
ns 


tPXIZ 
1 
Input instruction float after PSElIl 
37 
lclCl-25 
ns 


tAVIV 
1 
Address to valid instruction in4 
207 
SlclCl-105 
ns 


tpLAZ 
1 
PSElIllow 
to add ress float 
10 
10 
ns 


Data Memory 


tRlRH 
2,3 
I'm pulse width 
275 
6lclCl-100 
ns 


tWlWH 
2,3 
WR pulse width 
275 
6lclCl-100 
ns 


tRloV 
2,3 
I'm low to valid data in 
147 
5lclCl-165 
ns 


tRHDX 
2,3 
Data hold after I'm 
0 
0 
ns 


tRHDZ 
2,3 
Data float after I'm 
65 
2lclCl~O 
ns 


tllDV 
2,3 
ALE low to valid data in 
3S0 
8lclCl-1S0 
ns 


tAVDV 
2,3 
Address to valid data in 
397 
9lclCl-165 
ns 


tllWl 
2,3 
ALE low to I'm or WR low 
137 
239 
3lclCl-SO 
3lclCl+SO 
ns 


tAVWl 
2,3 
Address valid to WR low or I'm low 
122 
4lclCl-130 
ns 


tavwx 
2,3 
Data valid to WR transition 
13 
lclCl-50 
ns 


tWHQX 
2,3 
Data hold after WR 
13 
lclCl-50 
ns 


taVWH 
3 
Data valid to WR high 
287 
7lclCl-150 
ns 


tRLAZ 
2,3 
I'm low to address float 
0 
0 
ns 


tWHlH 
2,3 
I'm or WR high to ALE high 
23 
103 
lclCl--40 
lclCl+40 
ns 


External 
Clock 


tCHCX 
5 
High time 
20 
20 
tClCl -lclCX 
ns 


lclCX 
5 
Low time 
20 
20 
lclCl -lcHCX 
ns 


tClCH 
S 
Rise time 
20 
20 
ns 


tCHCl 
5 
Fall time 
20 
20 
ns 


Shift Register 


tXLXl 
4 
Serial port clock cycle time 
750 
12lclCl 
ns 


taVXH 
4 
Output data setup to clock rising edge 
492 
1OtClCl-133 
ns 


tXHQX 
4 
Output data hold after clock rising edge 
8 
2lclCl-117 
ns 


tXHDX 
4 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
4 
Clock rising edge to input data valid 
492 
10lclCl -133 
ns 
NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and PSElIl = 100pF, load capacitance for all other outputs = 80pF. 


3. 
Interfacing the 80C31/51 to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 


4. 
See application note AN457 for external memory interfacing. 


AC ELECTRICAL 
CHARACTERISTICS 
FOR PHILIPS 
NORTH AMERICA 
DEVICES 
(SC80C31 
AND SC80C51) 
Tamb; O°C to +70°C or -40°C to +B5°C, VCC; 
5V ±10%, Vss; 
OV1,2, 3 


24MHzCLOCK 
VARIABLE 
CLOCK4 
33MHzCLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/teLCL 
1 
Oscillator frequency 
3.5 
33 
Speed versions 
: P (24MHz) 
3.5 
24 
MHz 


: Y(33MHz) 
3.5 
33 


tLHLL 
1 
ALE pulse width 
43 
21cLCL-40 
21 
ns 


tAVLL 
1 
Address valid to ALE low 
17 
IcLCL-25 
5 
ns 


tLLAJ( 
1 
Address hold after ALE low 
17 
IcLCL-25 
ns 


tLLlv 
1 
ALE low to valid instruction in 
102 
4lcLCL-65 
55 
ns 


tLLPL 
1 
ALE low to PSEN low 
17 
IcLCL-25 
5 
ns 


tPLPH 
1 
PSEN pulse width 
BO 
3tCLCL-45 
45 
ns 


tPLIV 
1 
PSEN low to valid instruction in 
65 
3lcLCL-60 
30 
ns 


tPXIX 
1 
Input instruction hold after PSEN 
0 
0 
0 
ns 


tPXIZ 
1 
Input instruction float after PSEN 
17 
IcLCL-25 
5 
ns 


tAVIV 
1 
Address to valid instruction in 
12B 
5lcLCL-60 
70 
ns 


tpLAZ 
1 
PSEN low to address float 
10 
10 
10 
ns 


Data Memory 


tRLRH 
2,3 
I'm pulse width 
150 
6lcLCL-100 
B2 
ns 


tWLWH 
2,3 
WR pulse width 
150 
6lcLCL-100 
B2 
ns 


tRLDV 
2,3 
I'm low to valid data in 
11B 
5lcLCL-90 
60 
ns 


tRHDX 
2,3 
Data hold after I'm 
0 
0 
0 
ns 


tRHDZ 
2,3 
Data float after I'm 
55 
2lcLCL-2B 
32 
ns 


tLLDV 
2,3 
ALE low to valid data in 
1B3 
BlcLCL-150 
90 
ns 


tAVDV 
2,3 
Address to valid data in 
210 
9lcLCL-165 
105 
ns 


tLLWL 
2,3 
ALE low to I'm or WR low 
75 
175 
3tCLCL-50 
3tCLCL+50 
40 
140 
ns 


tAVWL 
2,3 
Address valid to WR low or I'm low 
92 
4tCLCL-75 
45 
ns 


Iovwx 
2,3 
Data valid to WR transition 
12 
IcLCL-30 
0 
ns 


tWHQX 
2,3 
Data hold after WR 
17 
IcLCL-25 
5 
ns 


IovwH 
3 
Data valid to WR high 
162 
7lcLCL-130 
BO 
ns 


tRLAZ 
2,3 
I'm low to address float 
0 
0 
0 
ns 


tWHLH 
2,3 
I'm or WR high to ALE high 
17 
67 
IcLCL-25 
IcLCL+25 
5 
55 
ns 


External Clock 


tCHCX 
5 
High time 
17 
17 
IcLCL-IcLCX 
ns 


tCLCX 
5 
Low time 
17 
17 
IcLCL-tCHCX 
ns 


tCLCH 
5 
Rise time 
5 
5 
ns 


tCHCL 
5 
Fall time 
5 
5 
ns 


Shift Register 


tXLXL 
4 
Serial port clock cycle time 
505 
12lcLCL 
360 
ns 


IovxH 
4 
Output data setup to clock rising edge 
2B3 
1OlcLCL-133 
167 
ns 


tXHQX 
4 
Output data hold after clock rising edge 
3 
2lcLCL-BO 
ns 


tXHDX 
4 
Input data hold after clock rising edge 
0 
0 
0 
ns 


tXHDV 
4 
Clock rising edge to input data valid 
2B3 
10lcLCL-133 
167 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and PSEN ; 100pF, load capacitance for all other outputs; 
80pF. 


3. 
Interfacing the SCBOC31/51 
to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 
4. Variable clock is specified for oscillator frequencies greater than 16MHz to 33M Hz. For frequencies equal or less than 16MHz, see 16MHz 


"AC Electrial Characteristics", 
page 3-16. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The first character is always 
't' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. The 
designations are: 
A - Address 
C - 
Clock 
D - 
Input data 
H - 
Logic level high 
I - 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 


P - "F'SEN 
a - Output data 
R - I'm signal 
t 
- 
TIme 
V - 
Valid 
W- WRsignal 
X - 
No longer a valid logic level 
Z - 
Float 
Examples: tAVLL= TIme for address valid to ALE low. 


It.LPL= TIme for ALE low to "F'SEN low. 


HIIXHQXI 


INPUT 
DATA 
'------t' 


CLEAR 
Al 


VCC-<>·5 
- 
- 
- 
- 
O.7VCC 


O.45V 
O.2VCC-<>.1 


VCC-<>5=x 
>C 
o 2VCC+O9 


o 45V 
._O_2_V_C_c-<> 
__ 1 
_ 


NOTE: 
AC inputs 
during 
testing 
are driven 
at Vcc 
-0.5 
tor a logic '" 
and O.45V for a logic '0'. 


Timing measurements are made at VIH min for a logic '1' and Vil max for a logic '0'. 


TIMING 


REFERENCE 


POINTS 


NOTE: 
For liming 
purposes, 
a port is no longer 
ftoating 
when a 100rnV change 
from 
load voltage 
occurs, 


and begins 
to float when 
a 100mV 
change 
from the loaded VotIVOl.level occurs. 
IQHI1OlO!: 
±2OrnA. 


Figure 8. lee vs. FREQ 


Valid only within frequency specifications of the device under test 


Figure 9. Icc Test Condition, 
Active 
Mode 


All other pins are disconnected 
Figure 10. Icc Test Condition, 
Idle Mode 


All other pins are disconnected 


Figure 11. Clock Signal Waveform 
for Icc Tests in Active and Idle Modes 
lclCH = lcHCl = 5ns 


Figure 12. Icc Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 5.5V 


EPROM CHARACTERISTICS 
The 87C51 is programmed by using a modified Quick-Pulse 
Programming'· 
algorithm. It differs from older methods in the value 
used for Vpp (programming supply voltage) and in the width and 
number of the ALEIPROG pulses. 


The 87C51 contains two signature bytes that can be read and used 
by an EPROM programming system to identify the device. The 
signature bytes identify the device as an 87C51 manufactured by 
Philips Corporation. 


Table 3 shows the logic levels for reading the signature bytes, and 
for programming the program memory, the encryption table, and the 
security bits. The circuit configuration and waveforms for quick-pulse 
programming are shown in Figures 13 and 14. Figure 15 shows the 
circuit configuration for normal program memory verification. 


Quick-Pulse Programming 
The setup for microcontroller 
quick-pulse programming is shown in 


Figure 13. Note that the 87C51 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to be running is that the 
device is executing intemal address and program data transfers. 


The address of the EPROM location to be programmed is applied to 
ports 1 and 2, as shown in Figure 13. The code byte to be 
programmed into that location is applied to port O.RST, J5SElIland 
pins of ports 2 and 3 specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The ALEIPROG is pulsed 
low 25 times as shown in Figure 14. 


To program the encryption table, repeat the 25 pulse programming 
sequence for addresses 0 through 1FH, using the 'Pgm Encryption 
Table' levels. Do not forget that after the encryption table is 
programmed, verification cycles will produce only encrypted data. 


To program the security bits, repeat the 25 pulse programming 
sequence using the 'Pgm Security Bit' levels. After one security bit is 
programmed, further programming of the code memory and 
encryption table is disabled. However, the other security bit can still 
be programmed. 


Note that the FANpp pin must not be allowed to go above the 
maximum specified Vpp level for any amount of time. Even a narrow 
glitch above that voltage can cause permanent damage to the 
device. The Vpp source should be well regulated and free of glitches 
and overshoot. 


Program Verification 
If security bit 2 has not been programmed, the on-ehip program 
memory can be read out for program verification. The address of the 
program memory locations to be read is applied to ports 1 and 2 as 
shown in Figure 15. The other pins are held at the 'Verify Code Data' 
levels indicated in Table 3. The contents of the address location will 
be emitted on port O. Extemal pull-ups are required on port 0 for this 
operation. 


If the encryption table has been programmed, the data presented at 
port 0 will be the exclusive NOR of the program byte with one of the 
encryption bytes. The user will have to know the encryption table 
contents in order to correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 
The signature bytes are read by the same procedure as a normal 
verification of locations 030H and 031 H, except that P3.6 and P3.7 
need to be pulled to a logic low. The values are: 
(030H) = 
15H indicates manufactured by Philips 
(031 H) = 
92H indicates 87C51 


Program/Verify Algorithms 
Any algorithm in agreement with the conditions listed in Table 3, and 
which satisfies the timing specifications, 
is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have wavelengths 
in this 


range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. For this and secondary 
effects, 


it is recommended 
that an opaque 
label be placed over the 


window. 
For elevated temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas part number 2345-5, or 
equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-soclcm2. 
Exposing the EPROM to an ultraviolet lamp of 12,OOOI'W/cm2rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


Erasure leaves the array in an alils 
state. 


MODE 
RST 
PSEN 
ALEIPROG 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O· 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
o· 
Vpp 
1 
0 
1 
0 


Pgm security bit 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 


Pgm security bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


NOTES: 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. 
Vpp = 12.75V ±0.25V. 


3. 
Vcc = 5V±10% during programming and verification. 
4. 
·ALEIPROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 1001'S(±lOllS) and high for a 
minimum of lOl's. 


Vcc 


P1 
PO 


RST 
E;Wpp 


P3.6 
ALE.II'IlllG 


P3.7 
87eS1 
l'Srn 


XTAL.2 
P2.7 


P2.6 


XTAU 
P2.Q-P2.3 


Vss 


I 
c: 
1 
1~sMIN --i 
"I"~----100!Js±10 
----~ 
••I 


ALEIPROO' --0 
I~ 
--,n 
~n~_ 


Vcc 


P1 
PO 


RST 
E;Wpp 


P3.6 
ALE.II'IlllG 


P3.7 
87C51 
l'Srn 


XTAL.2 
P2.7 


P2.6 


XTALl 
P2.Q-P2.3 


Vss 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +2rc, 
vcc 
= 5V±10%, 
vss = OV (See 
Figure 
16) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1/tCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to P"ROO 
low 
48teLCL 


tGHAX 
Address 
hold 
after 
P"ROO 
48teLCL 


tDVGL 
Data 
setup 
to P"ROO 
low 
48teLCL 


tGHDX 
Data 
hold 
after 
P"ROO 
48teLCL 


tEHSH 
P2.7 (ElilllSrE) 
high 
to Vpp 
48teLCL 


tSHGL 
Vpp 
setup 
to P"ROO 
low 
10 
Jls 


tGHSL 
Vpp 
hold 
after 
P"ROO 
10 
Jls 


tGLGH 
P"ROOwidth 
90 
110 
JlS 


tAVQV 
Address 
to data 
valid 
48teLCL 


tELQZ 
EJ\IAB[E 
low to data 
valid 
48teLCL 


tEHQZ 
Data 
float 
after EJ\IAB[E 
0 
48teLCL 


tGHGL 
P"ROO 
high 
to P"ROO 
low 
10 
, 
Jls 


NOTE: 
FOR PROGRAMMINGVERIFICATIONSEE FIGURE 13. 
FOR VERIFICATION 
CONDITIONS 
SEE FIGURE 
15. 


83C51 FAl83C51 FBI 
83C51 FC/80C51 FA 


DESCRIPTION 
The 83C51 FAl83C51 FBl80C51 FA Single-Chip 8-Bit Microcontroller 
is manufactured in an advanced CMOS process and is a derivative 
of the 80C51 microcontroller family. The 83C51 FAl83C51 FBl80C51 FA 
has the same instruction set as the 80C51 . 


This device provides architectural enhancements that make it 
applicable in a variety of applications for general control systems. 
The 83C51 FA contains 8k x 8 ROM memory (80C51 FA ROMless 
version addresses up to 64k of external memory), the 83C51 FB 
contains 16k x 8 ROM memory, the 83C51 FC contains 32k x 8 
ROM memory, a volatile 256 x 8 read/write data memory, four 8-bit 
I/O ports, three 16·bit timer/event counters, a Programmable 
Counter Array (PCA), a multi-source, four-priority-level, 
nested 


interrupt structure, an enhanced UART and on-chip oscillator and 
timing circuits. For systems that require extra capability, the 
83C51 FAlFB can be expanded using standard TTL compatible 
memories and logic. 


Its added features make it an even more powerful microcontroller for 
applications that require pulse width modulation, high-speed I/O and 
up/down counting capabilities such as motor control. It also has a 
more versatile serial channel that facilitates multiprocessor 
communications. 


PO.21AD2 


PO.31A03 


PO.41AD4 


pO.51A05 


PO.61AD6 


• 80C51 central processing unit 


• Full static operation 


• 8k x 8 ROM: 83C51 FA; 


16k x 8 ROM: 83C51 FB; 
32k x 8 ROM: 83C51 FC 
ROMless: 80C51 FA 
all capable of addressing external memory to 64k byles 
- 
Two level program security system 


- 
64 byle encryption array 


• 256 x 8 RAM, expandable externally to 64k byles 


• Speed range up to 33MHz 


• Three 16-bittimer/counters 
- 
T2 is an up/down counter 


• 7 interrupt sources 


• 4 level priority 


• Programmable Counter Array (PCA) 


- 
High speed output 


- 
Capture/compare 


- 
Pulse Width Modulator 


- 
Watchdog TImer 


• Four 8-bit I/O ports 


• Full-duplex enhanced UART 
- 
Framing error detection 


- 
Automatic address recognition 


• Power control modes 
- 
Idle mode 


- 
Power-down mode 


• Once (On Circuit Emulation) Mode 


• Five package styles 


• Programmable clock out 


• Low EMI (inhibit ALE) 


• Second DPTR register (ROM only) 


• Asynchronous port Reset 


83C51 FA/83C51 FBI 
83C51 FC/80C51 FA 


ROM 
ROM 
ROM 
TEMPERATURE 
RANGE 
·C 
VOLTAGE 
FREQ. 
DWG. 


ROMless 
RANGE 
8Kx8 
16Kx8 
32K 
x8 
AND 
PACKAGE 
(V)1 
(MHZ) 
• 


S80CSI 
FA-4N40 
S83CSI 
FA-4N40 
S83CSI 
FB-4N40 
S83CS1FC-4N40 
o to +70, 
2.7 to S.SI 
3.S10 
16 
SOT129-1 
4o-Pin 
Plastic Dual In-line Pkg. 


S80CSI 
FA-4A44 
S83CSI 
FA-4A44 
S83CSI 
FB-4A44 
S83CSI 
FC-4A44 
o to +70, 
2.7 to S.Sl 
3.S10 
16 
SOT187-2 
44-Pin 
Plastic Leaded 
Chip Carrier 


S80C51 FA-4B44 
S83CSI 
FA-4B44 
S83C51 FB-4B44 
S83CSI 
FC-4B44 
o to +70, 
2.7105.51 
3.51016 
SOT307-2 
44-Pin 
Plastic Quad Flat Pack 


S8OC51 FA-5N40 
S83CSI 
FA-5N40 
583C51 
FB-SN40 
S83CSI 
FG-5N40 
-40 
to +85, 
2.7105.51 
3.5 to 16 
SOT129-1 
4o-Pin 
Plastic Dual In-line Pkg. 


S80CSI 
FA-SA44 
S83C51 
FA-5A44 
S83CS1FB-SA44 
S83CS1FC-5A44 
-40 
to +85, 
2.7 to S.S' 
3.Slo 
16 
SOT187-2 
44-Pin 
Piastic Leaded 
Chip Carrier 


S80CS1FA-5B44 
583C51 
FA-5B44 
S83CSI 
FB-SB44 
S83C51FC-5B44 
-40 
to +85, 
2.7 to 5.51 
3.5 to 16 
SOT307-2 
44-Pin 
Plastic Quad 
Flat Pack 


S80CSI 
FA-AN40 
S83CSI 
FA-AN40 
S83CSI 
FB-AN40 
S83CSI 
FC-AN40 
o to +70, 
S 
3.S to 24 
SOT129-1 
4o-Pin 
Plastic Dual In-line Pkg. 


S8OC51 FA-AA44 
S83C51 
FA-AA44 
S83C51 
FB-AA44 
S83CS1FG-AA44 
o to +70, 
5 
3.5 to 24 
SOT187-2 
44-Pin 
Plastic Leaded 
Chip Carrier 


S80C51 
FA-AB44 
S83C51 
FA-AB44 
S83CSI 
FB-AB44 
S83CSI 
FG-AB44 
o to +70, 
5 
3.5 to 24 
SOT307-2 
44-Pin 
Plastic Quad 
Flat Pack 


S8OC51FA-BN40 
S83CSI 
FA-BN40 
S83CSI 
FB-BN40 
S83CSI 
FG-BN40 
-4010 
+85, 
5 
3.Slo 
24 
SOT129-1 
4o-Pin 
Plastic Dual In-line Pkg. 


S80C51 FA-BA44 
S83C51 
FA-BA44 
583C51 
FB-BA44 
S83CSI 
FC-BA44 
-40 
to +85, 
S 
3.S 10 24 
SOT187·2 
44-Pin Plastic Leaded Chip Carrier 


S80CSI 
FA-BB44 
S83CS1FA-BB44 
583CS1FB-BB44 
S83C51FG-BB44 
-4010 
+B5, 
S 
3.51024 
SOT307-2 
44-Pin 
Plastic Quad Flat Pack 


SBOC51 FA-IN40 
S83C51 
FA-IN40 
SB3CSI 
FB-IN40 
S83CSI 
FC-IN40 
o to +70, 
5 
3.51033 
SOT129-1 
4o-Pin 
Plastic Dual In-line Pkg. 


S80CSI 
FA-IA44 
S83CSI 
FA-IA44 
S83CSIFEHA44 
583CS1FG-lA44 
010 +70, 
S 
3.S to 33 
SOT187·2 
44-Pin 
Plastic Leaded 
Chip Carrier 


S80CSI 
FA-IB44 
S83CSl 
FA-IB44 
S83CSI 
FB-IB44 
S83CSI 
FC-IB44 
o to +70, 
S 
3.S 10 33 
SOT307-2 
44-Pin 
Plastic Quad Flat Pack 


S80CSI 
FA-JN40 
583CS1FA-JN40 
S83C51 
FB-JN40 
S83CSI 
FC-JN40 
-40 
to +85, 
S 
3.S to 33 
SOT129-1 
4o-Pin 
Plaslic 
Dual In-line Pkg. 


S80CSI 
FA-JA44 
S83C51 
FA-JA44 
S83CSI 
FB-JA44 
S83CSI 
FC-JA44 
-40 
to +85, 
S 
3.S to 33 
SOT187·2 
44-Pin 
Plastic Leaded 
Chip Carrier 


SBOCSI FA-JB44 
SB3CSI 
FA-JB44 
S83CSI 
FB-JB44 
S83CS1FC-JB44 
-4010 
+85, 
S 
3.S to 33 
SOT307-2 
44-Pin 
Plastic Quad Flat Pack 


NOTE: 
1. 
S80CSI 
FA devices 
are specified 
for SV only. 


83C51 FA/83C51 FBI 
83C51 FC/80C51 FA 


--------------l 
I 
I 
I 
I 
I 
I 
I 


r------- 
I 
I 


vccl 
I 
vsslr-I 


SFRs 


TIMERS 


P.C.A 


z0 


AL 
>= 
TIMING 
0 
AND 
::> 
EJI: 
CONTROL 
a: 
to 
RS, 
<; 


83C51 FA/83C51 FBI 
83C51 FC/80C51 FA 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


AUXR# 
Auxiliary 
8EH 
- 
I 
- 
I 
- 
I 
- 
- 
- 
I - 
AO 
xxxxxxxO B 


AUXR1# 
Auxiliary 1 3 
A2H 
- 
I 
- 
- 
I 
- 
- 
- 
I 
- 
DPSO 
xxxxOxxOB 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


CCAPOH# 
Module 0 Capture High 
FAH 
xxxxxxxxB 
CCAP1H# 
Module 1 Capture High 
FBH 
xxxxxxxxB 
CCAP2H# 
Module 2 Capture High 
FCH 
xxxxxxxxB 
CCAP3H# 
Module 3 Capture High 
FDH 
xxxxxxxxB 
CCAP4H# 
Module 4 Capture High 
FEH 
xxxxxxxxB 
CCAPOL# 
Module 0 Capture Low 
EAH 
xxxxxxxxB 
CCAP1L# 
Module 1 Capture Low 
EBH 
xxxxxxxxB 
CCAP2L# 
Module 2 Capture Low 
ECH 
xxxxxxxxB 
CCAP3L# 
Module 3 Capture Low 
EDH 
xxxxxxxxB 
CCAP4L# 
Module 4 Capture Low 
EEH 
xxxxxxxxB 


CCAPMO# 
Module 0 Mode 
DAH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM1# 
Module 1 Mode 
DBH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM2# 
Module 2 Mode 
DCH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM3# 
Module 3 Mode 
DDH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM4# 
Module 4 Mode 
DEH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


CCON'# 
PCA Counter Control 
D8H 
CF 
CR 
- 
CCF4 
CCF3 I CCF2 
CCF1 
CCFO 
OOxOOOOOB 
CH# 
PCA Counter High 
F9H 
OOH 
CL# 
PCA Counter Low 
E9H 
OOH 


CMOD# 
PCA Counter Mode 
D9H 
CIDL 
WDTE 
- 
- 
I 
- 
CPS1 
CPSO I 
ECF 
OOxxxOOOB 


DPTR: 
Data Pointer (2 bytes) 
DPH 
Data Pointer High 
83H 
DOH 
DPL 
Data Pointer Low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE' 
Interrupt Enable 
A8H 
EA 
I 
EC T 
ET2 
I 
ES 
I 
ET1 
EX1 I ETO I 
EXO 
DOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP' 
Interrupt Priority 
B8H 
- 
I 
PPC 
I 
PT2 
I 
PS 
PT1 
PX1 I PTO 
PXO 
xOOOOOOOB 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


IPH# 
Interrupt Priority High 
B7H 
- 
I PPCH I PT2H I 
PSH 
PT1H 
PX1H I PTOH 
PXOH 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO' 
PortO 
80H 
AD7 T AD6 
AD5 
I 
AD4 
AD3 
I AD2 I AD1 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1' 
Port 1 
90H 
CEX4 
CEX3 
CEX2 I CEX1 
CEXO I 
ECI 
T2EX 
T2 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AD 


P2' 
Port 2 
AOH 
AD15 
AD14 
AD13 
AD12 
AD11 I AD10 
AD9 
AD8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3' 
Port 3 
BOH 
"AU 
WR 
T1 
TO 
Jfm I ffilTO" 
TxD 
RxD 
FFH 


PCON# 
Power Control 
87H 
SMOD1 
SMODO 
- 
pOF2 
GF1 
I GFO 
PD 
I 
IDL 
OOxxOOOOB 
SFRs are bit addressable. 


# 
SFRs are modified from or added to the 80CS' SFRs. 


- 
Reserved bits. 


1. Reset value depends on reset source. 
2. 
Bit will not be affected by Reset. 


3. 
Not available on 80C51 FA (ROMless) at this time. 


83C51 FA/83C51 FBI 
83C51 FC/80C51 FA 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


07 
06 
05 
04 
03 
02 
01 
00 


PSW' 
Program Status Word 
OOH 
CY 
I 
AC 
I 
FO 
I 
RS1 I 
RSO I 
OV 
I 
- 
I 
P 
OOH 


RACAP2H# 
Timer 2 Capture High 
CBH 
OOH 


RACAP2L# 
Timer 2 Capture Low 
CAH 
OOH 


SAOOR# 
Slave Address 
A9H 
OOH 
SAOEN# 
Slave Address Mask 
B9H 
OOH 


SBUF 
Serial Oata Buffer 
99H 
xxxx)()()()(B 
, 


9F 
9E 
90 
9C 
9B 
9A 
99 
98 


SCON" 
Serial Control 
98H 
SMDIFE I 
SM1 I 
SM2 
I REN I 
TB8 
I 
RB8 I 
TI 
I 
RI 
OOH 


SP 
Stack Pointer 
81H 
07H 


8F 
8E 
80 
8C 
8B 
8A 
89 
88 


TCON" 
Timer Control 
88H 
TF1 
I 
TR1 
I 
TFO I TRO I 
IE1 
I 
IT1 
I 
IEO I 
ITO 
OOH 


CF 
CE 
CO 
CC 
CB 
CA 
C9 
C8 


T2CON" 
Timer 2 Control 
C8H 
TF2 
I EXF2 I RCLK I TCLK I EXEN2 I TR2 I cm Icp~ 
OOH 


T2MOO# 
Timer 2 Mode Control 
C9H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I T20E I OCEN 
xxxxxxOOB 


THO 
Timer High 0 
8CH 
OOH 
TH1 
Timer High 1 
80H 
OOH 


TH2# 
Timer High 2 
COH 
OOH 


TLO 
Timer Low 0 
8AH 
OOH 
TL1 
Timer Low 1 
8BH 
OOH 
TL2# 
Timer Low 2 
CCH 
DOH 


TMOO 
Timer Mode 
89H 
GATE I 
CfT 
I 
M1 
I 
MO 
I GATE I 
CfT 
I 
M1 
I 
MO 
OOH 
SFRs are bit addressable. 
# 
SFRs are modified from or added to the 80C51 SFRs. 
- 
Reserved bits. 


83C51 FA/83C51 FBI 
83C51 FC/80C51 FA 


17 
11 
23 
29 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Funetlon 
Pin 
Function 
Pin 
Function 
Pin 
FunetJon 
1 
NC' 
16 
P3.4ITO 
31 
P2.7/A1S 
1 
Pl.S/CEX2 
16 
vss 
31 
PO.61AD6 
2 
P1.0IT2 
17 
P3.5fTl 
32 
I'SEI'I 
2 
P1.6/CEX3 
17 
NC' 
32 
PO.51AD5 
3 
P1.1!T2EX 
18 
P3.6IWR 
33 
ALE 
3 
P1.7ICEX4 
18 
P2.0/A8 
33 
PO.4/AD4 
4 
P1.2fECI 
'9 
P3.7/RO 
34 
NC' 
4 
RST 
19 
P2.lIA9 
34 
PO.3/AD3 
5 
P1.3/CEXO 
20 
XTAL2 
35 
E)l; 
5 
P3.OIRxD 
20 
P2.2fA10 
35 
PO.2fAD2 
6 
Pl.4/CEXl 
21 
XTAL1 
36 
PO.l/AD? 
6 
NC' 
21 
P2.31A'1 
36 
PO.l/ADl 
7 
Pl.5/CEX2 
22 
vss 
37 
PO.6IAD6 
7 
P3.1fTxD 
22 
P2.4/A12 
37 
PO.O/ADO 
8 
Pl.61CEX3 
23 
NC' 
38 
PO.5/AD5 
8 
P3.2AJ'mj 
23 
P2.5/A13 
38 
vcc 
9 
P'.7ICEX4 
24 
P2.OIA8 
39 
PO.4/AD4 
9 
P3.3JffiTf 
24 
P2.61A14 
39 
NC' 
10 
RST 
25 
P2.1/A9 
40 
PO.3/AD3 
10 
P3.4trO 
25 
P2.7/A15 
40 
Pl.OIT2 
11 
P3.OIRxO 
26 
P2.21Al0 
41 
PO.2fAD2 
11 
P3.5fTl 
26 
I'SEI'I 
41 
Pl.1fT2EX 
12 
NC' 
27 
P2.31Al1 
42 
PO.l/ADl 
12 
P3.6IWR 
27 
ALE 
42 
P1.2lECI 
13 
P3.1fTxD 
28 
P2.41A12 
43 
PO.O/ADO 
13 
P3.7/RO 
28 
NC' 
43 
P1.3/CEXO 
14 
P3.2AJ'mj 
29 
P2.51A13 
44 
vcc 
14 
XTAL2 
29 
E)l; 
44 
Pl.4/CEXl 
15 
P3.3JffiTf 
30 
P2.61A14 
15 
XTALl 
30 
PO.l/AD? 


• DO NOT CONNECT 
SUOO7158 
• DO NOT CONNECT 
SUOO7168 


PIN DESCRIPTIONS 


PIN 
NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME 
AND 
FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


VCC 
40 
44 
38 
I 
Power 
Supply: 
This 
is the 
power 
supply 
voltage 
for normal, 
idle, 
and 
power-down 


operation. 


PO.O-O.7 
39-32 
43.'36 
37-30 
I/O 
Port 
0: Port 
0 is an open-drain, 
bidirectional 
I/O port. 
Port 
0 pins 
that 
have 
1s written 
to 


them 
float 
and 
can 
be used 
as high-impedance 
inputs. 
Port 
0 is also 
the 
multiplexed 


low-order 
address 
and data 
bus during 
accesses 
to extemal 
program 
and 
data 
memory. 
In 


this application, 
it uses 
strong 
internal 
pull-ups 
when 
emitting 
1s. Port 
0 also 
outputs 
the 


code 
bytes 
during 
program 
verification. 
External 
pUll-Ups 
are 
required 
during 
program 


verification. 


P1.o--P1.7 
1-8 
2-9 
40--44, 
I/O 
Port 
1: Port 
1 is an 8-bit 
bidirectional 
I/O port with 
internal 
pUll-Ups. 
Port 
1 pins 
that 
have 
1s 


1-3 
written 
to them 
are pulled 
high 
by the 
internal 
pull-ups 
and 
can 
be used 
as inputs. 
As inputs, 


port 
1 pins 
that 
are externally 
pulled 
low will source 
current 
because 
of the internal 
pull-ups. 


(See 
DC Electrical 
Characteristics: 
IILl. Port 
1 also 
receives 
the 
low-order 
address 
byte 


during 
program 
memory 
verification. 
Altemate 
functions 
include: 


1 
2 
40 
I/O 
T2 (P1.0): 
TImer/Counter 
2 external 
count 
inputlClockout 
(see 
Programmable 
Clock-Out) 


2 
3 
41 
I 
T2EX 
(P1.1): 
TImer/Counter 
2 Reload/Capture/Direction 
Control 


3 
4 
42 
I 
ECI (P1.2): 
External 
Clock 
Input 
to the 
PCA 


4 
5 
43 
I/O 
CEXO 
(P1.3): 
Capture/Compare 
External 
I/O for 
PCA 
module 
0 


5 
6 
44 
I/O 
CEX1 
(P1.4): 
Capture/Compare 
External 
I/O for PCA 
module 
1 


6 
7 
1 
I/O 
CEX2 
(P1.5): 
Capture/Compare 
External 
1/0 for PCA 
module 
2 


7 
8 
2 
I/O 
CEX3 
(P1.G): 
Capture/Compare 
External 
I/O for PCA 
module 
3 


8 
9 
3 
I/O 
CEX4 
(P1.7): 
Capture/Compare 
External 
I/O for PCA 
module 
4 


P2.o--P2.7 
21-28 
24-31 
18-25 
I/O 
Port 
2: Port 
2 is an 8-bit 
bidirectional 
I/O port 
with 
internal 
pull-ups. 
Port 
2 pins 
that 
have 
1s 


written 
to them 
are 
pulled 
high 
by the intemal 
pull-ups 
and 
can 
be used 
as inputs. 
As inputs, 


port 
2 pins 
that 
are 
extemally 
being 
pUlled 
low will source 
current 
because 
of the 
internal 


pull-ups. 
(See 
DC Electrical 
Characteristics: 
IILl. Port 
2 emits 
the high-order 
address 
byte 


during 
fetches 
from 
external 
program 
memory 
and during 
accesses 
to external 
data 
memory 


that 
use 
16-bit 
addresses 
(MOVX 
@DPTR). 
In this application, 
it uses 
strong 
internal 


pUll-Ups 
when 
emitting 
1s. During 
accesses 
to external 
data 
memory 
that 
use 8-bit 


addresses 
(MOV 
@Ri), 
port 
2 emits 
the contents 
of the 
P2 special 
function 
register. 
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PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


P3.o-P3.7 
10-17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s 
13-19 
7-13 
written to them are pulled hi9h by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: 
Ill)' Port 3 also serves the special features of the 80C51 


family, as listed below: 


10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
INTO (P3.2): Extemal interrupt 


13 
15 
9 
I 
JlilT1 (P3.3): External interrupt 


14 
16 
10 
I 
TO (P3.4): Timer 0 external input 


15 
17 
11 
I 
T1 (P3.5): Timer 1 external input 


16 
18 
12 
0 
WR" (P3.6): External data memory write strobe 


17 
19 
13 
0 
RO (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vee. 


ALE 
30 
33 
27 
0 
Address 
Latch Enable: Output pulse for latching the low byte of the address during an 


access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the 
oscillator frequency, and can be used for external timing or clocking. Note that one ALE 
pulse is skipped during each access to external data memory. ALE can be disabled by 
setting SFR auxiliary.O. With this bit set, ALE will be active only during a MOVX instruction. 


1'SEN 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to external Ppo£~T memory. When the 8XC51 FX 


is executing code from the external program memory, 
is activated twice each 


machine cycle, except that two 1'SEN activations are skipped during each access to 
external data memory. 1'SEN is not activated during fetches from internal program memory. 


EA 
31 
35 
29 
I 
External 
Access 
Enable: EA must be externally held low to enable the device to fetch code 


from external program memory locations OOOOHand 7FFFH. If EA is held high, the device 
executes from internal program memory unless the pE;ram 
counter contains an address 


greater than 7FFFH. If security bit 1 is programmed, 
will be internally latched on Reset. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than Vee + 0.5V or Vss - 0.5V, respectively. 
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Timer 2 
Timer 2 is a 16-bit Timer/Counter which can operate as either an 
event timer or an event counter, as selected by Crr2' 
in the special 


function register T2CON (see Figure 1). Timer 2 has three operating 
modes:Capture, Auto-reload (up or down counting) ,and Baud Rate 
Generator, which are selected by bits in the T2CON as shown in 
Table 2. 


Capture 
Mode 
In the capture mode there are two options which are selected by bit 
EXEN2 in T2CON. If EXEN2=O, then timer 2 is a 16-bit timer or 
counter (as selected by Crr2' 
in T2CON) which, upon overflowing 


sets bit TF2, the timer 2 overflow bit. This bit can be used to 
generate an interrupt (by enabling the Timer 2 interrupt bit in the 
IE register/SFR table). If EXEN2= 1, Timer 2 operates as described 
above, but with the added feature that a 1- to -0 transition at external 
input T2EX causes the current value in the Timer 2 registers, TL2 
and TH2, to be captured into registers RCAP2L and RCAP2H, 
respectively. In addition, the transition at T2EX causes bit EXF2 in 
T2CON to be set, and EXF2 like TF2 can generate an interrupt 
(which vectors to the same location as Timer 2 overflow interrupt. 
The Timer 2 interrupt service routine can interrogate TF2 and EXF2 
to determine which event caused the interrupt). The capture mode is 
illustrated in Figure 2 (There is no reload value for TL2 and TH2 in 
this mode. Even when a capture event occurs from T2EX, the 
counter keeps on counting T2EX pin transitions or oscl12 pulses.). 


Auto-Reload 
Mode (Up or Down Counter) 


In the 16-bit auto-reload mode, Timer 2 can be configured (as either 
a timer or counter (Crr2' 
in T2CON)) then programmed to count up 


or down. The counting direction is determined by bit DCEN(Down 
Counter Enable) which is located in the T2MOD register (see 


(MSB) 
I 
TF2 


Symbol 
Position 


TF2 
T2CON.7 


EXF2 
T2CON.6 


RCLK 
T2CON.5 


TCLK 
T2CON.4 


EXEN2 
T2CON.3 


TR2 
T2CON.2 
cm 
T2CON.1 


CPIRl2 
T2CON.0 


Figure 3). When reset is applied the DCEN=O which means Timer 2 
will default to counting up. If DCEN bit is set, Timer 2 can count up 
or down depending on the value of the T2EX pin. 


Figure 4 shows Timer 2 which will count up automatically since 
DCEN=O. In this mode there are two options selected by bit EXEN2 
in T2CON register. If EXEN2=O, then Timer 2 counts up to OFFFFH 
and sets the TF2 (Overflow Rag) bit upon overflow. This causes the 
Timer 2 registers to be reloaded with the 16-bit value in RCAP2L 
and RCAP2H. 


The values in RCAP2L and RCAP2H are preset by software means. 
If EXEN2=1, then a 16-bit reload can be triggered either by an 
overflow or by a 1-to-0 transition at input T2EX. This transition also 
sets the EXF2 bit. The Timer 2 interrupt, if enabled, can be 
generated when either TF2 or EXF2 are 1. 


In Figure 5 DCEN=1 which enables Timer 2 to count up or down. 
This mode allows pin T2EX to control the direction of count. When a 
logic 1 is applied at pin T2EX Timer 2 will count up. Timer 2 will 
overflow at OFFFFH and set the TF2 flag, which can then generate 
an interrupt, if the interrupt is enabled. This timer overflow also 
causes the 16-bit value in RCAP2L and RCAP2H to be reloaded 
into the timer registers TL2 and TH2. 


When a logic 0 is applied at pin T2EX this causes Timer 2 to count 
down. The timer will underflow when TL2 and TH2 become equal to 
the value stored in RCAP2L and RCAP2H. Timer 2 underflow sets 
the TF2 flag and causes OFFFFH to be reloaded into the timer 
registers TL2 and TH2. 


The extemal flag EXF2 toggles when Timer 2 underflows or 
overflows. This EXF2 bit can be used as a 17th bit of resolution if 
needed. The EXF2 flag does not generate an interrupt in this mode 
of operation. 


(LSB) 


CPIRl2I 


Name and Significance 


Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set 
when either RCLK or TCLK = 1. 


Timer 2 extemal flag set when either a capture or reload is caused by a negative transition on T2EX and 
EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 
interrupt routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down 
counter mode (DCEN = 1). 


Receive clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock 
in modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock. 


Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock 
in modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock. 


Timer 2 external enable flag. When set, allows a capture or reload to occur as a result of a negative 
transition on T2EX if Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to 
ignore events at T2EX. 


Start/stop control for Timer 2. A logic 1 starts the timer. 
Timer or counter select. (Timer 2) 
0= Intemal timer (OSC/12) 
1 = Extemal event counter (falling edge triggered). 


Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if EXEN2 = 1. When 
cleared, auto-reloads will occur either with Timer 2 overflows or negative transitions at T2EX when 
EXEN2 = 1. When either RCLK = 1 or TCLK = 1, this bit is ignored and the timer is forced to auto-reload 
on Timer 2 overflow. 
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RCLK+TCLK 
cpJR[2 
TR2 
MODE 


0 
0 
1 
16-bit Auto-reload 


0 
1 
1 
16-bit Capture 


1 
X 
1 
Baud rate generator 


X 
X 
0 
(off) 


_t 
CI'T2=' 


Not Bit Addressable 
I 
1======~ __ ~ 
T_2_0_E 
D_C_E_N_ 


T20E 


DCEN 


Not implemented, reserved for future use.' 


Timer 2 Output Enable bit. 


Down Count Enable bit. When set, this allows Timer 2 to be configured as an up/down counter. 


• 
User software should not write 1s to reserved bits. These bits may be used in fufure 8051 family products to invoke new features. 
In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. The value read from a reserved bit is 
indeterminate. 
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COUNT 
DIRECTION 
1 =UP 
Q=DOWN 
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__ 
j 
C/T2., 
T2Pin 
- 
B--- 
RX Clock 


Table 3. 
Timer 2 Generated 
Commonly 
Used 
Baud Rates 


Timer 2 
Baud Rate 
Osc Freq 
RCAP2H 
RCAP2L 


375K 
12MHz 
FF 
FF 


9.6K 
12MHz 
FF 
09 


2.8K 
12MHz 
FF 
B2 


2.4K 
12MHz 
FF 
64 


1.2K 
12MHz 
FE 
C8 


300 
12MHz 
FB 
1E 


110 
12MHz 
F2 
AF 


300 
6MHz 
FO 
8F 


110 
6MHz 
F9 
57 


Baud Rate Generator 
Mode 
Bits TCLK and/or RCLK in T2CON (Table 2) allow the serial port 
transmit and receive baud rates to be derived from either TImer 1 or 
TImer 2. When TCLK= 0, TImer 1 is used as the serial port transmit 
baud rate generator. When TCLK= 1, TImer 2 is used as the serial 
port transmit baud rate generator. RCLK has the same effect for the 
serial port receive baud rate. With these two bits, the serial port can 
have different receive and transmit baud rates - one generated by 
TImer 1, the other by TImer 2. 


Figure 6 shows the TImer 2 in baud rate generation mode. The baud 
rate generation mode is like the auto-reload mode,in that a rollover 
in TH2 causes the TImer 2 registers to be reloaded with the 16-bit 
value in registers RCAP2H and RCAP2L, which are preset by 
software. 


The baud rates in modes 1 and 3 are determined by TImer 2's 
overflow rate given below: 


Modes 1 and 3 Baud Rates = Timer 2 Overflow 
Rate 
16 


The timer can be configured for either "timer" or "counter" operation. 
In many applications, it is configured for "timer" operation (CfT2"=0). 
TImer operation is different for TImer 2 when it is being used as a 
baud rate generator. 


Usually, as a timer it would increment every machine cycle (I.e., 1/12 
the oscillator frequency). As a baud rate generator, it increments 
every state time (I.e., 1/2 the oscillator frequency). Thus the baud 
rate formula is as follows: 


Modes 1 and 3 Baud Rates = 


Oscillator 
Frequency 


[32 x [65536 - 
(RCAP2H, RCAP2L)j] 


Where: 
(RCAP2H, RCAP2L)= The content of RCAP2H and 


RCAP2L taken as a 16-bit unsigned integer. 


The TImer 2 as a baud rate generator mode shown in Figure 6, is 
valid only if RCLK and/or TCLK = 1 in T2CON register. Note that a 
rollover in TH2 does not set TF2, and will not generate an interrupt. 
Thus, the TImer 2 interrupt does not have to be disabled when 
TImer 2 is in the baud rate generator mode. Also if the EXEN2 
(T2 external enable flag) is set, a 1-10-0transition in T2EX 
(TImer/counter 2 trigger input) will set EXF2 (T2 ex1emal flag) but 
will not cause a reload from (RCAP2H, RCAP2L) to (TH2,Tl2). 
Therefore when TImer 2 is in use as a baud rate generator, T2EX 
can be used as an additional ex1emal interrupt, if needed. 
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When Timer 2 is in the baud rate generator mode, one should not try 
to read or write TH2 and TL2. As a baud rate generator, Timer 2 is 
incremented every state time (oscl2) or asynchronously 
from pin T2; 


under these conditions, a read or write of TH2 or TL2 may not be 
accurate. The RCAP2 registers may be read, but should not be 
written to, because a write might overlap a reload and cause write 
and/or reload errors. The timer should be turned off (clear TR2) 
before accessing the Timer 2 or RCAP2 registers. 


Table 3 shows commonly used baud rates and how they can be 
obtained from Timer 2. 


Summary 
Of Baud Rate Equations 


Timer 2 is in baud rate generating mode. If Timer 2 is being clocked 
through pin T2(P1.0) the baud rate is: 


Baud Rate 
= Timer 2 Overflow 
Rate 


16 


If Timer 2 is being clocked intemally , the baud rate is: 


fosc 
Baud Rate = [32 x [65536 - 
(RCAP2H, RCAP2L)lJ 


Where fosc= Oscillator Frequency 


To obtain the reload value for RCAP2H and RCAP2L, the above 
equation can be rewritten as: 


( 


fose 
) 
RCAP2H, RCAP2L = 65536 - 
32 x Baud Rate 


Timer/Counter 
2 Set-up 
Except for the baud rate generator mode, the values given for 
T2CON do not include the setting of the TR2 bit. Therefore, bit TR2 
must be set, separately, to turn the timer on. see Table 4 for set-up 
of Timer 2 as a timer. Also see Table 5 for set-up of Timer 2 as a 
counter. 


POWER 
OFF FLAG 
The Power Off Flag (POF) is set by on-chip circuitry when the Vec 
level on the 8XC51 FAl83C51 FB/83C51 FC rises from 0 to 5V. The 
POF bit can be set or cleared by software allowing a user to 
determine if the reset is the result of a power-on or a warm start 
after powerdown. The Vcc level must remain above 3V for the POF 
to remain unaffected by the Vce level. 


T2CON 


MODE 
INTERNAL CONTROL 
EXTERNAL 
CONTROL 


(Note 
1) 
(Note 2) 


16-bit Auto-Reload 
OOH 
08H 


16-bit Capture 
01H 
09H 


Baud rate generator receive and transmit same baud rate 
34H 
36H 


Receive only 
24H 
26H 


Transmit only 
14H 
16H 


TMOD 


MODE 
INTERNAL CONTROL 
EXTERNAL 
CONTROL 


(Note 
1) 
(Note 2) 


16-bit 
02H 
OAH 


Auto-Reload 
03H 
OBH 


NOTES: 
1. Capture/reload occurs only on timer/counter overflow. 
2. 
Capture/reload occurs on timer/counter overflow and a 1-to-0 transition on T2EX (P1.1) pin except when Timer 2 is used in the baud rate 
generator mode. 
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OSCILLATOR CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, respectively, of an 
inverting amplifier. The pins can be configured for use as an on-chip 
oscillator. 


To drive the device from an extemal clock source, XTAL 1 should be 
driven while XTAL2 is left unconnected. There are no requirements 
on the duty cycle of the extemal clock signal, because the input to 
the intemal clock circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and low times specified in 
the data sheet must be observed. 


Reset 
A reset is accomplished by holding the RST pin high for at least two 
machine cycles (24 oscillator periods), while the oscillator is running. 
To insure a good power-on reset, the RST pin must be high long 
enough to allow the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At power-on, the voltage on 
Vcc and RST must come up at the same time for a proper start-up. 
Ports 1, 2, and 3 will asynchronously 
be driven to their reset 


condition when a voltage above VIHl (min.) is applied to RESET. 


Idle Mode 
In the idle mode (see Table 6), the CPU puts itself to sleep while all 
of the on-chip peripherals stay active. The instruction to invoke the 
idle mode is the last instruction executed in the normal operating 
mode before the idle mode is activated. The CPU contents, the 
on-chip RAM, and all of the special function registers remain intact 
during this mode. The idle mode can be terminated either by any 
enabled interrupt (at which time the process is picked up at the 
interrupt service routine and continued), or by a hardware reset 
which starts the processor in the same manner as a power-on reset. 


Power-Down Mode 
To save even more power, a Power Down mode (see Table 6) can 
be invoked by software. In this mode, the oscillator is stopped and 
the instruction that invoked Power Down is the last instruction 
executed. The on-chip RAM and Special Function Registers retain 
their values until the Power Down mode is terminated. 


Either a hardware reset or external interrupt can be used to exit from 
Power Down. Reset redefines all the SFRs but does not change the 
on-chip RAM. An external interrupt allows both the SFRs and the 
on-chip RAM to retain their values. 


To properly terminate Power Down the reset or external interrupt 
should not be executed before Vcc is restored to its normal 
operating level and must be held active long enough for the 
oscillator to restart and stabilize (normally less than 10ms). 


With an external interrupt, INTO and INT1 must be enabled and 
configured as level-sensitive. 
Holding the pin low restarts the 
oscillator but bringing the pin back high completes the exil. Once the 


interrupt is serviced, the next instruction to be executed after RETI 
will be the one following the instruction that put the device into 
Power Down. 


Design Consideration 
• When the idle mode is terminated by a hardware reset, the device 


normally resumes program execution, from where it left off, up to 
two machine cycles before the internal rest algorithm takes 
control. On-chip hardware inhibits access to internal RAM in this 
event, but access to the port pins is not inhibited. To eliminate the 
possibility of an unexpected write when Idle is terminated by reset, 
the instruction following the one that invokes Idle should not be 
one that writes to a port pin or to external memory. 


ONCETMMode 
The ONCE ("On-Circuit Emulation") Mode facilitates testing and 
debugging of systems using the 8XC51 FAlFB without the 
8XC51FAlFB/FC 
having to be removed from the circuit. The ONCE 


Mode is invoked by: 
1. Pull ALE low while the device is in reset and J5SEN is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 0 pins go into a float 
state, and the other port pins and ALE and J5SEN are weakly pulled 
high. The oscillator circuit remains active. While the 8XC51 FAlFB is 
in this mode, an emulator or test CPU can be used to drive the 
circuil. Normal operation is restored when a normal reset is applied. 


Programmable Clock-Out 
The 8XC51 FAl83C51 FB has a new feature. A 50% duty cycle clock 
can be programmed to come out on P1.0. This pin, besides being a 
regular 110 pin. has two alternate functions. It can be programmed: 
1. to input the external clock for Timer/Counter 2, or 
2. to output a 50% duty cycle clock ranging from 61Hz to 4MHz at a 
16MHz operating frequency. 


To configure the Timer/Counter 2 as a clock generator. bit CfT2 (in 
T2CON) must be cleared and bit T20E in T2MOD must be sel. Bit 
TR2 (T2CON.2) also must be set to start the timer. 


The Clock-Out frequency depends on the oscillator frequency and 
the reload value of Timer 2 capture registers (RCAP2H, RCAP2L) 
as shown in this equation: 


Oscillator 
Frequency 
4 x (65536 - 
RCAP2H, RCAP2L) 


In the Clock-Out mode Timer 2 roll-overs will not generate an 
interrupt. This is similar to when it is used as a baud-rate generator. 
It is possible to use Timer 2 as a baud-rate generator and a clock 
generator simultaneously. Note, however, that the baud-rate and the 
Clock-Out frequency will be the same. 


PROGRAM 
MODE 
MEMORY 
ALE 
'PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 
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Programmable 
Counter 
Array (PCA) 


The Programmable Counter Array is a special Timer that has five 
16-bit capture/compare 
modules associated with it. Each of the 


modules can be programmed to operate in one of four modes: rising 
and/or falling edge capture, software timer, high-speed output, or 
pulse width modulator. Each module has a pin associated with it in 
port 1. Module 0 is connected to P1.3(CEXO), module 1 to 
P1.4(CEX1), etc. The basic PCA configuration is shown in Figure 7. 


The PCA timer is a common time base for all five modules and can 
be programmed to run at: 1/12 the oscillator frequency, 1/4 the 
oscillator frequency, the Timer 0 overflow, or the input on the ECI pin 
(P1.2). The timer count source is determined from the CPS1 and 
CPSO bits in the CMOD SFR as follows (see Figure 10): 


CPS1 
CPSO PCA Timer Count Source 


o 
0 
1/12 oscillator frequency 
o 
1 
1/4 oscillator frequency 


1 
0 
Timer 0 overflow 
1 
1 
External Input at ECI pin 


In the CMOD SFR are three additional bits associated with the PCA. 
They are CIDL which allows the PCA to stop during idle mode, 
WDTE which enables or disables the watchdog function on 
module 4, and ECF which when set causes an interrupt and the 
PCA overflow flag CF (in the CCON SFR) to be set when the PCA 
timer overflows. These functions are shown in Figure 8. 


The watchdog timer function is implemented in module 4 (see 
Figure 17). 


The CCON SFR contains the run control bit for the PCA and the 
flags for the PCA timer (CF) and each module (refer to Figure 11). 
To run the PCA the CR bit (CCON.6) must be set by software. The 
PCA is shut off by clearing this bit. The CF bit (CCON.7) is set when 
the PCA counter overflows and an interrupt will be generated if the 
ECF bit in the CMOD register is set, The CF bit can only be cleared 


MODULE 
FUNCTIONS, 


16·BIT 
CAPTURE 
16-BIT 
TIMER 


16-BIT 
HIGH 
SPEED 
OUTPUT 
8-BITPWM 


WATCHOOG 
TIMER 
(MODULE 
4 ONLY) 


by software. Bits 0 through 4 of the CCON register are the flags for 
the modules (bit 0 for module 0, bit 1 for module 1, etc.) and are set 
by hardware when either a match or a capture occurs. These flags 
also can only be cleared by software. The PCA interrupt system 
shown in Figure 9. 


Each module in the PCA has a special function register associated 
with it. These registers are: CCAPMO for module 0, CCAPM1 for 
module 1, etc. (see Figure 12). The registers contain the bits that 
control the mode that each module will operate in. The ECCF bit 
(CCAPMn.O where n=O, 1,2, 3, or 4 depending on the module) 
enables the CCF flag in the CCON SFR to generate an interrupt 
when a match or compare occurs in the associated module. PWM 
(CCAPMn.1) enables the pulse width modulation mode. The TOG 
bit (CCAPMn.2) when set causes the CEX output associated with 
the module to toggle when there is a match between the PCA 
counter and the module's capture/compare 
register. The match bit 


MAT (CCAPMn.3) when set will cause the CCFn bit in the CCON 
register to be set when there is a match between the PCA counter 
and the moduie's capture/compare 
register. 


The next two bits CAPN (CCAPMn.4) and CAPP (CCAPMn.5) 
determine the edge that a capture input will be active on. The CAPN 
bit enables the negative edge, and the CAPP bit enables the 
positive edge. If both bits are set both edges will be enabled and a 
capture will occur for either transition. The last bit in the register 
ECOM (CCAPMn.6) when set enables the comparator function. 
Figure 13 shows the CCAPMn sellings for the various PCA 
functions. 


There are two additional registers associated with each of the PCA 
modules. They are CCAPnH and CCAPnL and these are the 
registers that store the 16·bit count when a capture occurs or a 
compare should occur. When a module is used in the PWM mode 
these registers are used to control the duty cycle of the output. 
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r;;l1lE7l 
U£.J ~ 


TO 
INTERRUPT 
PRIORITY 
DECODER 


CMOD.OB 
CCAPMn.O IECC~; I 
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Bit Addressable 
I 
CIDL I 
WDTE 


CPS1 
CPso 


Counter Idle control: CIDL ; 0 programs the PCA Counter to continue functioning during idle Mode. CIDL ; 1 programs 
it to be gated off during idle. 


Watchdog Timer Enable: WDTE ; 0 disables Watchdog Timer function on PCA Module 4. WDTE ; 1 enables it. 


Not implemented, reserved for future use: 


PCA Count Pulse Select bit 1. 


PCA Count Pulse Select bit o. 
CPS1 
CPSO 
Selected 
PCA Input"" 


o 
0 
0 
Internal clock, fose + 12 


o 
1 
1 
Internal clock, fose + 4 


1 
0 
2 
Timer 0 overflow 


1 
1 
3 
External clock at ECI/P1.2 pin (max. rate; 
fose + 8) 


PCA Enable Counter Overflow interrupt: ECF ; 1 enables CF bit in CCON to generate an interrupt. ECF; 
0 disables 
that function of CF. 


NOTE: 
• 
User software 
should 
not write 
15 to reserved 
bits. These 
bits may be used in future 
8051 family 
products 
to invoke 
new features. 
In that case, 
the reset or inactive 
value 
of the 


new bit will be 0, and its active 
value 
will be 1. The value 
read from 
a reserved 
bit is indeterminate. 


•• 
'ose 
= oscillatOf 
frequency 


Symbol 


CF 


CCF4 


CCF3 


CCF2 


CCF1 


CCFO 


Bit Addressable 


I 
CF 
I 
CCF3 


3 


CCFO 


o 


PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an interrupt if bit ECF in CMOD is 
set. CF may be set by either hardware or software but can only be cleared by software. 


PCA Counter Run control bit. Set by software to turn the PCA counter on. Must be cleared by software to turn the PCA 
counter off. 


Not implemented, reserved for future use". 


PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 3 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be cieared by software. 


PCA Module 0 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


NOTE: 


User software 
should 
nol write 
1$ 10 reserved 
bits. These 
bits may be used in future 
8051 family 
products 
to invoke 
new fealures. 
In that case, the reset or inactive 
value of the 
new bit will be O. and its active 
value 
will be 1. The value 
read from a reserved 
bit is indeterminate. 
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Not implemented, reserved for future use'. 


Enable Comparator. ECOMn ~ 1 enables the comparator function. 


Capture Positive, CAPPn ~ 1 enables positive edge capture. 


Capture Negative, CAPNn ~ 1 enables negative edge capture. 


Match. When MATn ~ 1, a match of the PCA counter with this module's compare/capture 
register causes the CCFn bit 
in CCON to be set, flagging an interrupt. 


Toggie. When TOGn ~ 1, a match of the PCA counter with this module's compare/capture 
register causes the CEXn 
pin to toggle. 


Pulse Width Modulation Mode. PWMn ~ 1 enables the CEXn pin to be used as a pulse width modulated output. 


Enable CCF interrupt. Enables compare/capture 
flag CCFn in the CCON register to generate an interrupt. 


CCAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 


ODAH 
ODBH 
ODCH 
ODDH 
ODEH 


Not Bit Addressable 
I 
l-E-c-o-M-n--c-A-pp-n--c-A-PN-n 


ECOMn 


CAPPn 


CAPNn 


MATn 


PWMn 


ECCFn 


MATn 


3 


ECCFn 


o 


TOGn 


2 


NOTE, 
'User 
software 
should 
not write 
1s 10 reserved 
bits. These 
bits may be used 
in future 8051 family 
products 
to invoke 
new features. 
In that case, 
the reset or inactive 
value 
of the new 


bit will be 0, and ils active 
value 
will be 1. The value 
read from 
a reserved 
bit is indeterminate. 


- 
ECOMn 
CAPPn 
CAPNn 
MATn 
TOGn 
PWMn 
ECCFn 
MODULE FUNCTION 


X 
0 
0 
0 
0 
0 
0 
0 
No operation 


X 
X 
1 
0 
0 
0 
0 
X 
16-bit capture by a positive-edge trigger on CEXn 


X 
X 
0 
1 
0 
0 
0 
X 
16-bit capture by a negative trigger on CEXn 


X 
X 
1 
1 
0 
0 
0 
X 
16-bit capture by a transition on CEXn 


X 
1 
0 
0 
1 
0 
0 
X 
16-bit Software Timer 


X 
1 
0 
0 
1 
1 
0 
X 
16-bit High Speed Output 


X 
1 
0 
0 
0 
0 
1 
0 
8-bitPWM 


X 
1 
0 
0 
1 
X 
0 
X 
Watchdog Timer 


PCA Capture 
Mode 
To use one of the PCA modules in the capture mode either one or 
both of the CCAPM bits CAPN and CAPP for that module must be 
set. The external CEX input for the module (on port 1) is sampled for 
a transition. When a valid transition occurs the PCA hardware loads 
the value of the PCA counter registers (CH and Cl) into the 
module's capture registers (CCAPnl 
and CCAPnH). If the CCFn bit 
for the module in the CCON SFR and the ECCFn bit in the CCAPMn 
SFR are set then an interrupt will be generated. Refer to Figure 14. 


16-bit Software 
Timer Mode 
The PCA modules can be used as software timers by setting both 
the ECOM and MAT bits in the modules CCAPMn register. The PCA 
timer will be compared to the module's capture registers and when a 
match occurs an interrupt will occur if the CCFn (CCON SFR) and 
the ECCFn (CCAPMn SFR) bits for the module are both set (see 
Figure 15). 


High Speed Output 
Mode 
In this mode the CEX output (on port 1) associated with the PCA 
module will toggle each time a match occurs between the PCA 
counter and the module's capture registers. To activate this mode 
the TOG, MAT, and ECOM bits in the module's CCAPMn SFR must 
be set (see Figure 16). 


Pulse Width Modulator 
Mode 
All of the PCA modules can be used as PWM outputs. Figure 17 
shows the PWM function. The frequency of the output depends on 
the source for the PCA timer. All of the modules will have the same 
frequency of output because they all share the PCA timer. The duty 
cycle of each module is independently variable using the module's 
capture register CCAPln. 
When the value of the PCA Cl SFR is 


less than the value in the module's CCAPln 
SFR the output will be 
low, when it is equal to or greater than the output will be high. When 
Cl overflows from FF to 00, CCAPln 
is reloaded with the value in 
CCAPHn. the allows updating the PWM without glitches. The PWM 
and ECOM bits in the module's CCAPMn register must be set to 
enable the PWM mode. 
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Enhanced 
UART 


The UART operates in all of the usual modes that are described in 
the first section of Data Handbook IC20, BOCS1·Based B·Bit 
Microcontrollers. 
In addition the UART can perform framing error 


detect by looking for missing stop bits, and automatic address 
recognition. The BXC51 FAlB3C51 FB UART also fully supports 
multiprocessor communication 
as does the standard BOC51 UART. 


When used for framing error detect the UART looks for missing stop 
bits in the communication. 
A missing bit will set the FE bit in the 


SCON register. The FE bit shares the SCON.7 bit with SMO and the 
function of SCON.7 is determined by PCON.6 (SMODO) (see 
Figure 19). If SMODO is set then SCON.7 functions as FE. SCON.7 
functions as SMO when SMODO is cleared. When used as FE 
SCON.7 can only be cleared by software. Refer to Figure 20. 


Automatic 
Address 
Recognition 
Automatic Address Recognition is a feature which allows the UART 
to recognize certain addresses in the serial bit stream by using 
hardware to make the comparisons. This feature saves a great deal 
of software overhead by eliminating the need for the software to 
examine every serial address which passes by the serial port. This 
feature is enabled by setting the SM2 bit in SCON. In the 9 bit UART 
modes, mode 2 and mode 3, the Receive Interrupt flag (RI) will be 
automatically set when the received by1e contains either the "Given" 
address or the "Broadcasr 
address. The 9 bit mode requires that 


the 9th information bit is a 1 to indicate that the received information 
is an address and not data. Automatic address recognition is shown 
in Figure 21. 


The B bit mode is called Mode 1. In this mode the RI flag will be set 
if SM2 is enabled and the information received has a valid stop bit 
following the B address bits and the information is either a Given or 
Broadcast address. 


Mode 0 is the Shift Register mode and SM2 is ignored. 


Using the Automatic Address Recognition feature allows a master to 
selectively communicate with one or more slaves by invoking the 
Given slave address or addresses. All of the slaves may be 
contacted by using the Broadcast address. Two special Function 
Registers are used to define the slave's address, SADDR, and the 
address mask, SADEN. SAD EN is used to define which bits in the 
SADDR are to b used and which bits are "don't care". The SADEN 
mask can be logically ANDed with the SADDR to create the "IGiven" 
address which the master will use for addressing each of the slaves. 
Use of the Given address allows multiple slaves to be recognized 
while excluding others. The following examples will help to show the 
versatility of this scheme: 


Slave 0 
SADDR 
1100 0000 


SADEN 
1111 1101 


Given 
1100 OOXO 


Slave 1 
SADDR 
1100 0000 


SADEN 
1111 1110 


Given 
1100 OOOX 


In the above example SADDR is the same and the SAD EN data is 
used to differentiate between the two slaves. Slave 0 requires a 0 in 
bit 0 and it ignores bit 1. Slave 1 requires a 0 in bit 1 and bit 0 is 
ignored. A unique address for Slave 0 would be 11000010 since 
slave 1 requires a 0 in bit 1. A unique address for slave 1 would be 
1100 0001 since a 1 in bit 0 will exclude slave O. Both slaves can be 
selected at the same time by an address which has bit 0 = 0 (for 
slave 0) and bit 1 = 0 (for slave 1). Thus, both could be addressed 
with 11000000. 
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In a more complex system the following could be used to select 
slaves 1 and 2 while excluding slave 0: 


Slave 0 
SADDR 
1100 0000 


SADEN 
1111 1001 


Given 
1100 OXXO 


Slave 1 
SADDR 
1110 0000 


SADEN 
1111 1010 


Given 
1110 OXOX 


Slave 2 
SADDR 
1110 0000 


SADEN 
1111 1100 


Given 
1110 OOXX 


In the above example the differentiation among the 3 slaves is in the 
lower 3 address bits. Slave 0 requires that bit 0 = 0 and it can be 
uniquely addressed by 1110011 O.Slave 1 requires that bit 1 = 0 and 


seON 
Address = 96H 


Bit Addressable 
I SMOIFE I 
SM1 


Bit: 
7 
6 


(SMODO = 0/1r 


it can be uniquely addressed by 1110 and 0101. Slave 2 requires 
that bit 2 = 0 and its unique address is 1110 0011. To select Slaves 0 
and 1 and exclude Slave 2 use address 1110 0100, since it is 
necessary t make bit 2 = 1 to exclude slave 2. 


The Broadcast Address for each slave is created by taking the 
logical OR of SADDR and SADEN. Zeros in this result are teated as 
don't-cares. In most cases, interpreting the don't-cares as ones, the 
broadcast address will be FF hexadecimal. 


Upon reset SADDR (SFR address OA9H) and SADEN (SFR 
address OB9H) are leaded with Os.This produces a given address 
of all "don't cares" as well as a Broadcast address of all "don't 
cares". this effectively disables the Automatic Addressing mode and 
allows the microcontroller to use standard 60C51 type UART drivers 
which do not make use of this feature. 


Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit. 


Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO) 


Serial Port Mode Bit 1 
SMO 
SM1 
Mode 
Description 
Baud Rate" 


o 
0 
0 
shift register 
fose/12 


o 
1 
1 
6-bit UART 
variable 


1 
0 
2 
9-bit UART 
fose/64 or fose/32 


1 
1 
3 
9-bit UART 
variable 


Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then RI will not be set unless the 
received 9th data bit (RBS) is 1, indicating an address, and the received byte is a Given or Broadcast Address. 
In Mode 1, if SM2 = 1 then RI will not be activated unless a valid stop bit was received, and the received byte is a 
Given or Broadcast Address. In Mode 0, SM2 should be O. 


Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 


In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = 0, RBS is the stop bit that was received. 
In Mode 0, RB6 is not used. 


Transmit interrupt flag. Set by hardware at the end of the 6th bit time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. Must be cleared by software. 


Receive interrupt flag. Set by hardware at the end of the 6th bit time in Mode 0, or hallway through the stop bit time in 
the other modes, in any serial reception (except see SM2). Must be cleared by software. 


NOTE, 
'SMODO 
is located al peON6. 


"fose 
= oscillator 
frequency 
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STAAT 
DATA BYTE 
ONLY 
IN 
STOP 


BIT 
MODE 2, 3 
BIT 


SET FE BIT IF STOP 
BIT IS a (FRAMING 
ERROR) 


SMa TO UAAT 
MODE 
CONTROL 


IN UART 
MODE 
2 OR MODE 
3ANDSM2= 
1: 


INTERRUPT 
IF REN=l, 
RB8=l 
AND -RECEIVED 
ADDRESS" 
= *PROGRAMMED 
ADDRESS" 


- WHEN 
OWN 
ADDRESS 
RECEIVED, 
CLEAR 
5M2 
TO RECEIVE 
DATA BYTES 


- WHEN 
ALL DATA BYTES 
HAVE 
BEEN 
RECEIVED: 
SET SM2 TO WAIT 
FOR 
NEXT 
ADDRESS. 
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Interrupt Priority Structure 
The aXCS1 FA/FB has a 7-source four-level interrupt structure. 
There are 3 SFRs associated with the interrupts on the 
aXCS1 FA/FB. They are the IE and IP. (See Figures 22 and 23.) In 
addition, there is the IPH (Interrupt Priority High) register that makes 
the four-level interrupt structure possible. The IPH is located at SFR 
address B7H. The structure of the IPH register and a description of 
its bits is shown below: 


6 
5 
4 
3 
I PPCH I 
PT2H I 
PSH I 
PT1H 
PX1H 


IPH.O 
PXOH 
Ex1emal interrupt 0 priority high 


IPH.1 
PTOH Timer 0 interrupt priority high 
IPH.2 
PX1H 
Ex1emal interrupt 1 priority high 


IPH.3 
PT1H 
Timer 1 interrupt priority high 
IPH.4 
PSH 
Serial Port interrupt high 


IPH.S 
PT2H 
Timer 2 interrupt priority high 
IPH.6 
PPCH 
PCA interrupt priority high 


IPH.7 
Not implemented 


The function of the IPH SFR is simple and when combined with the 
IP SFR determines the priority of each interrupt. The priority of each 
interrupt is determined as shown in the following table: 


PRIORITY BITS 
INTERRUPT PRIORITY LEVEL 


IPH.x 
IP.x 


0 
0 
Level 0 (lowest priority) 


0 
1 
Level 1 


1 
0 
Level 2 


1 
1 
Level 3 (highest priority) 


The priority scheme for servicing the interrupts is the same as that 
for the aOCS1, except there are four interrupt levels on the aXCS1 FX 
rather than two as on the aOCS1. An interrupt will be serviced as 
long as an interrupt of equal or higher priority is not already being 
serviced. If an interrupt of equal or higher level priority is being 
serviced, the new interrupt will wait until it is finished before being 
serviced. If a lower priority level interrupt is being serviced, it will be 
stopped and the new interrupt serviced. When the new interrupt is 
finished, the lower priority level interrupt that was stopped will be 
completed. 


SOURCE 
POLLING PRIORITY 
REQUEST BITS 
HARDWARE CLEAR? 
VECTOR ADDRESS 


XO 
1 
IEO 
N (L)1 
Y (T)2 
03H 


TO 
2 
TPO 
Y 
OBH 


X1 
3 
IE1 
N (L) 
Y (T) 
13H 


T1 
4 
TF1 
Y 
1BH 


SP 
S 
R1, TI 
N 
23H 


T2 
6 
TF2, EXF2 
N 
2BH 


peA 
7 
CF, CCFn 
N 
33H 


n-Q-4 


NOTES: 
1. L = Level activated 
2. 
T = Transition activated 
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BIT 
SYMBOL 


IE.? 
EA 


IE.S 
EC 


IE.S 
ET2 


lEA 
ES 


IE.3 
ET1 


IE.2 
EX1 


IE.1 
ETO 
IE.O 
EXO 


FUNCTION 
Global disable bit. If EA = 0, all interrupts are disabled. If EA = 1, each interrupt can be individually 
enabled or disabled by setting or clearing its enable bit. 
PCA interrupt enable bit. 
Timer 2 interrupt enable bit. 
Serial Port interrupt enable bit. 
Timer 1 interrupt enable bit. 
Extemal interrupt 1 enable bit. 
Timer 0 interrupt enable bit. 
Extemal interrupt 0 enable bit. 


SYMBOL 
FUNCTION 
Not implemented, reserved for future use. 


PPC 
PCA interrupt priority bit. 


PT2 
Timer 2 interrupt priority bit. 


PS 
Serial Port interrupt priority bit. 


PT1 
Timer 1 interrupt priority bit. 


PX1 
Extemal interrupt 1 priority bit. 


PTO 
Timer 0 interrupt priority bit. 


PXO 
Extemal interrupt 0 priority bit. 
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Reduced 
EMI Mode 
The AO bit (AUXR.O) in the AUXR register when set disables the 
ALE output. 


8XC51 FAl83C51 FB/83C51 FC Reduced 
EMI Mode 


AUXR (8EH) 


Dual DPTR 
The dual DPTR structure (see Figure 24) is a way by which the 
B3C51FA, B3C51 FB, and B3C51FC will specify the address of an 
external data memory location. (·NOTE: not available on BOC51FA 
[ROM less] at this time.) There are two 16-bit DPTR registers that 
address the external memory, and a single bit called DPS = 
AUSR1lbitO that allows the program code to switch between them. 


• New Register Name: AUXR1# 


• SFR Address: A2H 


• Reset Value: xxxxxxxOB 


Select Reg 


DPTRO 


DPTR1 


EXTERNAL 
DATA 
MEMORY 


DPTR Instructions 
The instructions that refer to DPTR refer to the data pointer that is 
currently selected using the AUXR1lbit 0 register. The six 
instructions that use the DPTR are as follows: 


INC DPTR 
Increments the data pointer by 1 


MOV DPTR, #data16 
Loads the DPTR with a 16-bit constant 


MOV A, @ A+DPTR 
Move code byte relative to DPTR to 
ACC 


Move ACC to external RAM (16-bit 
address) 


Jump indirect relative to DPTR 


The data pointer can be accessed on a byte-by-byte basis be 
specifying the Low or High byte in an instruction which accesses the 
SFRs. See application note AN45B for more details. 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 or -40 to +B5 
°C 


Storage temperature range 
, 
-65 to +150 
°C 


Voltage on ~pp 
pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
--{).5 to +6.5 
V 


Maximum IOLper I/O pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not device power consumption) 
1.5 
W 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 
2. 
This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C or -40°C to +85°C, Vee = 2.7V to 5.5V ±10%, Vss = OV;(-4 and -5 devices; 16MHz devices except S80C51 FA [ROMless]) 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


MIN 
Typl 
MAX 


4.0V < Vee < 5.5V 
-0.5 
0.2Vee-D·1 
V 
VIL 
Input low voltage 


2.7V<Vee< 4.0V 
-0.5 
0.7 
V 


V1H 
Input high voltage (ports 0, 1,2, 3, EA) 
0.2Vee+0.9 
Vee+0.5 
V 


VIHl 
Input high voltage, XTAL 1, RST 
0.7Vee 
Vee+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 8 
Vee = 2.7V 
0.4 
V 
IOL= 1.6mA2 


VOLl 
Output low voltage, port 0, ALE, ~' 
7 
Vee = 2.7V 
0.4 
V 
IOL= 3.2mA2 


Vee = 2.7V 
Vee-0.7 
V 
IOH=-20!!A 


VOH 
Output high voltage, ports 1, 2, 33 
Vee = 4.5V 
IOH= -30!!A 
Vee - 0.7 
V 


VOH1 
OutPu~oltage 
(port a in external bus mode), 
Vee = 2.7V 
Vee - 0.7 
V 
ALE9, 
IOH=-3·2mA 


IlL 
Logical a input current, ports 1, 2, 3 
VIN= 0.4V 
-1 
-50 
!!A 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 36 
VIN =2.0V 
~50 
!!A 
See note 4 


III 
Input leakage current, port a 
0.45 < VIN < Vee - 0.3 
±10 
!!A 


Ice 
Power supply current (see Figure 32): 
See note 5 


Active mode @ 16MHz 
83C51 FA/FB/FC 
15 
mA 
80C51FA 
32 
mA 


Idle mode 
@ 16MHz 
83C51 FA/FB/FC 
4 
mA 
80C51FA 
5 
mA 


Power-down mode 
Tomb= O°Cto 70°C 
3 
50 
!!A 


Tomb= -40°C to +85°C 
75 
!!A 


RRST 
Internal reset pull-down resistor 
40 
225 
kn 


CIO 
Pin capacitance10 (except EA) 
15 
pF 
NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. 
Capacitive loading on ports a and 2 may cause spurious noise to be superimposed on the VoLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port a and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
3. 
Capacitive loading on ports a and 2 may cause the VOH on ALE and PSEl\Ito 
momentarily fall below the Vee-D. 7 specification when the 
address bits are stabilizing. 
4. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 


5. 
See Figures 33 through 36 for Ice test conditions. 
Active mode: 
Ice = 0.9 x FREQ. + 1.1mA 


Idle mode: 
Ice = 0.18 x FREQ. +1.01mA; See Figure 32. 
6. This value applies to Tomb= O°C to +70°C. For Tomb= -40°C to +85°C, ITL= -750!!A. 
7. 
Load capacitance for port 0, ALE, and PSEl\I = 100pF, load capacitance for all other outputs = 80pF. 


8. 
Under steady state (non-transient) conditions, IOLmust be ex1emally limited as follows: 
Maximum IOLper port pin: 
15mA (·NOTE: This is 85°C specification.) 


Maximum IOLper 8-bit port: 
26mA 


Maximum total IOLfor all outputs: 
71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
tesl conditions. 


9. ALE is tested to VOH1, except when ALE is off then VOH is the voltage specification. 
10. Pin capacitance is characterized but nollested. 
Pin capacilance is less than 25pF. Pin capacitance of ceramic package is less than 15pF 


(except EA is 25pF). 
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DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C or-40°C 
to +85°C. (-A. -B. -I. and -J devices; S80C51FA -4. -5); 5V ±10%; Vss = OV 


TEST 
LIMITS 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
MIN 
Typl 
MAX 


VIL 
Input low voltage 
4.5V < Vee < 5.5V 
-0.5 
0.2VeC-O·1 
V 


VIH 
Input high voltage (ports O. 1.2. 3, E7\) 
0.2Vee+0.9 
Vee+0.5 
V 


VIHl 
Input high voltage. XTAL 1. RST 
0.7Vee 
Vee+0.5 
V 


VOL 
Output low voltage. ports 1. 2, 3 8 
Vee = 4.5V 
004 
V 
IOL= 1.6mA2 


Vou 
Output low voltage. port 0, ALE. J5SEN 7,8 
Vee = 4.5V 
0.4 
V 
IOL= 3.2mA2 


VOH 
Output high voltage, ports 1. 2. 3 3 
Vee = 4.5V 
Vee-0.7 
V 
IOH=-30~ 


VOHl 
Output high voltage (port 0 in external bus mode). 
Vee = 4.5V 
Vee-0.7 
V 
ALE9, J5SEN3 
IOH=-3·2mA 


IlL 
Logical 0 input current, ports 1. 2, 3 
VIN = Oo4V 
-1 
-50 
~ 


ITL 
Logical l-to-O transition current, ports 1. 2. 36 
VIN =2.0V 
-650 
~A 
See note 4 


III 
Input leakage current. port 0 
0.45 < VIN < Vee - 0.3 
±10 
~ 


Ice 
Power supply current (see Figure 32): 
See note 5 


Active mode @ 16MHz5 
15 
~ 
Idle mode @ 16MHz5 
4 
~ 


Power-down mode 
Tamb= O°C to 70°C 
3 
50 
~ 


Tamb= -40°C to +85°C 
75 
~ 


RRST 
Internal reset pull-down resistor 
40 
225 
kn 


CIO 
Pin capacitance10 (exceptEA) 
15 
pF 


NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature. 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capaciWe loading> 
1OOpF).the noise pulse on the ALE pin may exceed 0.8V. In such cases. it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 


3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and J5SENto momentarily fall below the VeC-O.7 specification when the 
address bits are stabilizing. 
4. 
Pins of ports 1. 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 
5. 
See Figures 33 through 36 for Ice test conditions. 
Active mode: 
Ice = 0.9 x FREQ. + 1.lmA 


Idle mode: 
Ice = 0.18 x FREQ. +1.0mA; See Figure 32. 
6. This value applies to Tamb= O°C to +70°C. For Tamb= -40°C to +85°C, ITL= -750vA. 
7. 
Load capacitance for port O.ALE, and J5SEN = 100pF, load capacitance for all other outputs = 80pF. 
8. 
Under steady state (non-transient) conditions. IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
15mA (·NOTE: This is 85°C specification.) 


Maximum IOLper 8-bit port: 
26mA 


Maximum total IOLfor all outputs: 
71mA 


If IOLexceeds the test condition. VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 
9. ALE is tested to VOH1.except when ALE is off then VOH is the voltage specification. 
10. Pin capacitance is characterized but not tested. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF 


(except EA is 25pF). 


83C51 FA/83C51 FBI 
83C51 FC/80C51 FA 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C or -40°C to +85°C, VCC = +2.7V to +5.5V (except S80C51 FA VCC = 5.0V ±10%), Vss = OV1,2, 3 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lclCl 
25 
Oscillator frequency 
Speed versions 
: 4; 5 
3.5 
16 
MHz 


tlHll 
25 
ALE pulse width 
85 
2lclCl-40 
ns 


tAVll 
25 
Address valid to ALE low 
22 
lclCl-40 
ns 


tlLAX 
25 
Address hold after ALE low 
32 
lclCl-30 
ns 


tlLlv 
25 
ALE low to valid instruction in 
150 
4lclCl-100 
ns 


tllPl 
25 
ALE low to PSEfillow 
32 
lclCl-30 
ns 


tPlPH 
25 
PSEfiI pulse width 
142 
3lclCl-45 
ns 


tPLIV 
25 
PSEfillow 
to valid instruction in 
82 
3lclCl-105 
ns 


tPXIX 
25 
Input instruction hold after PSEfiI 
0 
0 
ns 


tPXIZ 
25 
Input instruction float after PSEfiI 
37 
lclCl-25 
ns 


tAVIV 
25 
.Address to valid instruction in 
207 
5lclCl-105 
ns 


tpLAZ 
25 
P'SEiIlow 
to address float 
10 
10 
ns 


Data Memory 


tRlRH 
26,27 
AU pulse width 
275 
6lclCl-100 
ns 


tWlWH 
26,27 
WR pulse width 
275 
6lclCl-100 
ns 


tRlDV 
26,27 
AU low to valid data in 
147 
5lclCl-165 
ns 


tRHDX 
26,27 
Data hold after AU 
0 
0 
ns 


tRHDZ 
26,27 
Data float after AU 
65 
2lclCl-60 
ns 


tllDV 
26,27 
ALE low to valid data in 
350 
8lclCl-150 
ns 


tAVDV 
26,27 
Address to valid data in 
397 
9lclCl-165 
ns 


tllWl 
26,27 
ALE low to AU or WR low 
137 
239 
3lcLC::l-50 
3lclCl+50 
ns 


tAVWl 
26,27 
Address valid to WR low or AU low 
122 
4lclCl-130 
ns 


tavwx 
26,27 
Data valid to WR transition 
13 
lclCl-50 
ns 


tWHQX 
26,27 
Data hold after WR 
13 
lclCl-50 
ns 


taVWH 
27 
Data valid to WR high 
287 
7lclCl-150 
ns 


tRLAZ 
26,27 
AU low to address float 
0 
0 
ns 


tWHlH 
26,27 
AU or WR high to ALE high 
23 
103 
lclCl-40 
lclCl+40 
ns 


External 
Clock 


tCHCX 
29 
High time 
20 
20 
tClCl -telCX 
ns 


tClCX 
29 
Low time 
20 
20 
tClCl-lcHCX 
ns 


tClCH 
29 
Rise time 
20 
20 
ns 


tCHCl 
29 
Fall time 
20 
20 
ns 


Shift Register 


tXLXl 
28 
Serial port clock cycle time 
750 
12lclCl 
ns 


taVXH 
28 
Output data setup to clock rising edge 
492 
10lclCl -133 
ns 


tXHQX 
28 
Output data hold after clock rising edge 
8 
2lclCl-117 
ns 


tXHDX 
28 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
28 
Clock rising edge to input data valid 
492 
1°lclCl-133 
ns 
NOTES: 
1. Parameters are valid over operating te~SENture 
range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and 
= 100pF, load capacitance for all other outputs = 80pF. 


3. 
Interfacing the 83C51 FAlFB/FC and 80C51 FA to devices with float times up to 45ns is permitted. This limited bus contention will not cause 
damage to Port 0 drivers. 
4. 
See application note AN457 for external memory interface. 


83C51 FAl83C51 FBI 
83C51 FC/80C51 FA 


AC ELECTRICAL 
CHARACTERISTICS 
T 
b - O°C to +70°C or -40°C to +85°C 
VCC= 5V +10%, Vss = OV1, 2, 3 
am 
- 
- 


24MHzCLOCK 
VARIABLE 
CLOCK4 
33MHzCLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lclCl 
25 
Oscillator frequency 
3.5 
33 


Speed versions 
: A; B (24M Hz) 
3.5 
24 
MHz 


: I; J (33M Hz) 
3.5 
33 


tlHll 
25 
ALE pulse width 
43 
2tClCl-40 
21 
ns 


tAVll 
25 
Address valid to ALE low 
17 
IclCl-25 
5 
ns 


tlLAX 
25 
Address hold after ALE low 
17 
IclCl-25 
ns 


tlLlV 
25 
ALE low to valid instruction in 
102 
4lclCl--65 
55 
ns 


tllPl 
25 
ALE low to J5"S"EI\Ilow 
17 
IclCl-25 
5 
ns 


tPlPH 
25 
J5"S"EI\Ipulse width 
80 
3tClCl-45 
45 
ns 


tPLIV 
25 
J5"S"EI\Ilowto valid instruction in 
65 
3lclCl--60 
30 
ns 


tPXIX 
25 
Input instruction hold after J5"S"EI\I 
0 
0 
0 
ns 


tPXIZ 
25 
Input instruction float after J5"S"EI\I 
17 
IclCl-25 
5 
ns 


tAVIV 
25 
Address to valid instruction in 
128 
5lclCl--80 
70 
ns 


tpLAZ 
25 
J5"S"EI\Ilowto address float 
10 
10 
10 
ns 


Data Memory 


tRlRH 
26,27 
RO pulse width 
150 
6lclCl-100 
82 
ns 


tWlWH 
26,27 
WR pulse width 
150 
6lclCl-100 
82 
ns 


tRlDV 
26,27 
RO low to valid data in 
118 
5lclCl-90 
60 
ns 


tRHDX 
26,27 
Data hold after RO 
0 
0 
0 
ns 


tRHDZ 
26,27 
Data float after RO 
55 
2telCl-28 
32 
ns 


tllDV 
26,27 
ALE low to valid data in 
183 
8lclCl-150 
90 
ns 


tAVDV 
26,27 
Address to valid data in 
210 
9lclCl-165 
105 
ns 


tllWl 
26,27 
ALE low to RO or WR low 
75 
175 
3tClCl-50 
3tClCl+50 
40 
140 
ns 


tAVWl 
26,27 
Address valid to WR low or RO low 
92 
4tClCl-75 
45 
ns 


lovwx 
26,27 
Data valid to WR transition 
12 
IclCl-30 
0 
ns 


tWHQX 
26,27 
Data hold after WR 
17 
IclCl-25 
5 
ns 


IovwH 
27 
Data valid to WR high 
162 
7lclCl-130 
80 
ns 


tRLAZ 
26,27 
RO low to address float 
0 
0 
0 
ns 


tWHlH 
26,27 
RO or WR high to ALE high 
17 
67 
IclCl-25 
IclCl+25 
5 
55 
ns 


External 
Clock 


IcHCX 
29 
High time 
17 
17 
IclCl -IclCX 
ns 


tClCX 
29 
Low~me 
17 
17 
IclCl -tCHCX 
ns 


tClCH 
29 
Rise time 
5 
5 
ns 


tCHCl 
29 
Fall time 
5 
5 
ns 


Shift Register 


tXLXl 
28 
Serial port clock cycle time 
505 
12lclCl 
360 
ns 


IovXH 
28 
Output data setup to clock rising edge 
283 
10lclCl -133 
167 
ns 


tXHQX 
28 
Output data hold after clock rising edge 
3 
2tClCl--80 
ns 


tXHDX 
28 
Input data hold after clock rising edge 
0 
0 
0 
ns 


tXHDV 
28 
Clock rising edge to input data valid 
283 
10lclCl -133 
167 
ns 
NOTES: 
1. 
Parameters are valid over opera~ng temperature range unless otherwise specified. 


2. 
Load capacitance for port 0, ALE, and PS"ElIl ~ 1DDpF,load capacitance for all other outputs = BOpF. 
3. 
Interfacing the 83C51 FAlFBlFC and 80C51 FA to devices with float times up to 45ns is permitted. This limited bus contention will not cause 
damage to Port 0 drivers. 


4. 
Variable clock is specified for oscillator frequencies greater than 16MHz to 33MHz. For frequencies equal or less than 16MHz, see 16MHz 
"AC Electrial Characteristics", 
page 3-52. 


83C51 FAl83C51 FBI 
83C51 FC/80C51 FA 


EXPLANATION 
OF THE AC SYMBOLS 
Each timing symbol has five characters. The first character is always 
l' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. The 
designations are: 
A - Address 
C - Clock 
o - Input data 
H - 
Logic level high 
I - 
Instruction (program memory contents) 


L - 
Logic level low, or ALE 


P - PSEN 
Q - 
Output data 
R - lmsignal 
t 
- Time 
V - 
Valid 
W- 
WRsignal 
X - 
No longer a valid logic level 
Z - 
Float 
Examples: 
tAVll = Time for address valid to ALE low. 
tllPl 
=Time for ALE low to PSEN low. 


-I 


tRlRH 


83C51 FA/83C51 FBI 
83C51 FC/80C51 FA 


OUTPUT 
DATA, 
t 


WAITE 
TO SBUF 


INPUT 
DATA 
'------t' 


CLEAA 
AI 


VCc-<'·5 
- 
- 
- 
- 
O.7Vee 


O.45V 
O.2Vec-<'.1 


83C51 FA/83C51 FBI 
83'c51 FC/80C51 FA 


VeC-<>5 =x 
><= 


o 2Vee+O 
9 


o 45V 
.~0_2V-,e::;c-<>::...._' 
_ 


TIMING 


REFERENCE 


POINTS 


NOTE: 
AC inputs 
during 
testing 
are driven 
at Vcc 
-0.5 
for a logic ',' 
and O.45V tor a logic '0', 


Timing 
measurements 
are made 
at VIH min for a logic ',' 
and VIL max tor a logic '0'. 


NOTE: 
For timing purposes, a pen is no longer floating when a 100rnV change from 
load vo"age 
occurs, 
and begins 
to float when 
a l00mV 
change 
from 
the loaded 


VoWVOL 
level occurs. 
loWIOL 
O!: ±2OmA. 


I 
MAX ACTIVE 
MODE 
;. 


IccMAX 
= 1.5 X FREQ. + 8.07 
/ 
/ 


40 


/ 
83C51 FAlFBIFC 


35 
/ 
Ice 


L.\ 
mA 


30 
V 


TYP ACTIVE 
MOV~ 


25 
/ 
/V 


25 


20 
20 
/ 
V 
lee 
mA 


15 
V 
I 


MAXID~~ 


I~IDLEMO~E 


Figure 32. Ice vs. FREQ 
Valid only within 
frequency 
specifications 
of the device under test 


83C51 FAl83C51 FBI 
83C51 FC/80C51 FA 


Figure 33. Icc Test Condition, 
Active Mode 


All other pins are disconnected 
Figure 34. Icc Test Condition, 
Idle Mode 


All other pins are disconnected 


vcc-<J·5 - - - - 


O.45V 


Figure 35. Clock Signal Waveform for Icc Tests in Active and Idle Modes 


lcLCH = lcHCL = 5ns 


Figure 36. Icc Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 5.5V 


83C51 FA/83C51 FBI 
83C51 FC/80C51 FA 


Security 
Bits 
With none of the security bits programmed the code in the program 
memory can be verified. If the encryption table is programmed. the 
code will be encrypted when verified. When only security bit 1 (see 
Table 8) is programmed, 
MOVC instructions executed from external 


program memory are disabled from fetching code by1esfrom the 


intemal memory, EA is latched on Reset and all further programming 
of the EPROM is disabled. When security bits 1 and 2 are 
programmed, in addition to the above, verify mode is disabled. 


Encryption 
Array 
64 by1es of encryption array are initially unprogrammed 
(all 1s). 


PROGRAM LOCK BITS1. 2 


SBl 
SB2 
PROTECTION 
DESCRIPTION 


1 
U 
U 
No Program Security features enabled. 
(Code verify will still be encrypted by the Encryption Array if programmed.) 


2 
P 
U 
MOVe instructions executed from extemal program memory are disabled from fetching code by1es from 
internal memory, E7\ is sampled and latched on Reset. and further programming of the EPROM is disabled. 


NOTES: 
1. P - programmed. 
U - unprogrammed. 
2. 
Any other combination of the security bits is not defined. 


83C51 FA ROM CODE SUBMISSION 
When submitting ROM code for the 83C51 FA, the following must be specified: 
1. 8k by1e user ROM data 


2. 
64 by1e ROM encryption key 


3. 
ROM security bits. 


ADDRESS 
CONTENT 
BIT{S) 
1 
COMMENT 


OOOOHto 1FFFH 
DATA 
7:0 
User ROM Data 


2000H to 201 FH 
KEY 
7:0 
ROM Encryption Key 
FFH = no encryption 


2020H 
SEC 
0 
ROM Security Bit 1 
o = enable security 
1 = disable security 


2020H 
SEC 
1 
ROM Security Bit 2 
o = enable security 
1 = disable security 


Securi1y Bit 1: When programmed. this bit has two effects on masked ROM parts: 
1. Extemal MOVC is disabled. and 
2. E7\ is latched on Reset. 


Security 
Bit 2: When programmed. this bit inhibits Verify User ROM. 


If the ROM Code file does not include the options, the following information must be included with the ROM code. 


For each of the following. check the appropriate box. and send to Philips along with the code: 


Security Bit #1: 


Security Bit #2: 


Encryption: 


83C51 FA/83C51 FBI 
83C51 FC/80C51 FA 


83C51 FB ROM CODE SUBMISSION 
When submitting ROM code for the 83C51 FB, the following must be specified: 
1. 
16k byte user ROM data 


2. 
64 byte ROM encryption key 


3. 
ROM security bits. 


ADDRESS 
CONTENT 
BIT(S) 
COMMENT 


OOOOHto 3FFFH 
DATA 
7:0 
User ROM Data 


4000H to 401 FH 
KEY 
7:0 
ROM Encryption Key 
FFH ; no encryption 


4020H 
SEC 
0 
ROM Security Bit 1 
o ; enable security 
1 ; disable security 


4020H 
SEC 
1 
ROM Security Bit 2 
o ; enable security 
1 ; disable security 


security Bit 1: When programmed, this bit has two effects on masked ROM parts: 
1. External MOVC is disabled, and 
2. EA is latched on Reset. 


security Bit 2: When programmed, this bit inhibits Verify User ROM. 


If the ROM Code file does not include the options, the following information must be included with the ROM code. 


For each of the following, check the appropriate box, and send to Philips along with the code: 


Security Bit #1: 


Security Bit #2: 


Encryption: 


o Disabled 
o Disabled 
o Yes 
If Yes, must send key file. 


83C51 FC ROM CODE SUBMISSION 
When submitting ROM code for the 83C51 FC, the following must be specified: 
1. 
16k byte user ROM data 


2. 
64 byte ROM encryption key 


3. 
ROM security bits. 


ADDRESS 
CONTENT 
BIT(S) 
COMMENT 


OOOOHto 7FFFH 
DATA 
7:0 
User ROM Data 


8000H to 801 FH 
KEY 
7:0 
ROM Encryption Key 
FFH = no encryption 


8020H 
SEC 
0 
ROM Security Bit 1 
o = enable security 


. 
1 = disable security 


8020H 
SEC 
1 
ROM Security Bit 2 
o = enable security 
1 = disable security 


Security 
Bit 1: When programmed, this bit has two effects on masked ROM parts: 
1. External MOVC is disabied, and 
2. E/I; is latched on Reset. 


Security 
Bit 2: When programmed, this bit inhibits Verify User ROM. 


If the ROM Code file does not include the options, the following information must be included with the ROM code. 


For each of the following, check the appropriate box, and send to Philips along with the code: 


Security Bit #1: 


Security Bit #2: 
o Enabled 
o Enabled 
o No 


o Disabled 
o Disabled 


DESCRIPTION 
The alC51 FA and alC51 FB Single-Chip 8-Bit Microcontrollers are 
manufactured in an advanced CMOS process and are derivatives of 
the 80C51 microcontroller family. The 8lC51 FNFB has the same 
instruction set as the 80C51. 


This device provides architectural enhancements that make it 
applicable in a variety of applications for general control systems. 
The 8lC51 FA contains 8k x 8 memory, and the 8lC51 FB contains 
16k x 8 memory. They both contain a volatile 256 x 8 read/write data 
memory, four 8-bit I/O ports, three 16-bit timer/event counters, a 
Programmable Counter Array (PCA), a multi-source, 
two-priority-Ievel, 
nested interrupt structure, an enhanced UART and 


on-chip oscillator and timing circuits. For systems that require extra 
capability, the 8lC51 FNFB can be expanded using standard TTL 
compatible memories and logic. 


Its added features make it an even more powerful microcontroller for 
applications that require pulse width modulation, high-speed I/O and 
up/down counting capabilities such as motor control. It also has a 
more versatile serial channel that facilitates multiprocessor 
communications. 


• 80CS1 central processing unit 


• 8lCS1 FA: 
8k x 8 EPROM 
8lCS1FB: 
16kx8 
EPROM 


- 
expandable externally to 64k bytes 


- 
Quick Pulse programming algorithm 


- Two level program security system 


• 256 x 8 RAM, expandable externally to 64k bytes 


• Three 16-bit timer/counters 


- 
T2 is an up/down counter 


• Programmable Counter Array (PCA) 


- 
High speed output 


- 
Capture/compare 


- 
Pulse Width Modulator 


- Watchdog Timer 


• Four 8-bit I/O ports 


• Full-duplex enhanced UART 


- 
Framing error detection 


- 
Automatic address recognition 


• Power control modes 


- 
Idle mode 


- 
Power-down mode 


• Once (On Circuit Emulation) Mode 


• Five package styles 


• OTP package available 


PO.21AD2 


PO.31AD3 


P2.7/A15 


P2.61A14 


P2.51A13 


P2.41A12 


P2.31All 


P2.21Al0 


P2.1/A9 


vss 
P2.OIAB 


$UOO714A 


8kx8 
16k x 8 
TEMPERATURE 
RANGE 'C AND PACKAGE 
FREQ. 
DRAWING 


EPROM' 
EPROM' 
(MHz) 
NUMBER 


S87C51 FA-4N40 
S87C51 FB-4N40 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.5 to 16 
SOT129-1 


S87C51 FA-4F40 
S87C51 FB-4F40 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 16 
0590B 


S87C51 FA-4A44 
S87C5' FB-4A44 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 16 
SOT187-2 


S87C51 FA-4K44 
S87C51 FB-4K44 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 16 
1472A 


S87C51 FA-4B44 
S87C51 FB-4B44 
OTP 
o to +70, 44-Pin Plastic Quad Rat Pack 
3.5 to 16 
SOT307-2 


S87C51FA-5N40 
S87C51FB-5N40 
OTP 
-40 to +85, 40-Pin Plastic Dual In-line Package 
3.5 to 16 
SOT129-1 


S87C51 FA-5F40 
S87C51 FB-5F40 
UV 
-40 to +85, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 16 
0590B 


S87C51 FA-5A44 
S87C51 FB-5A44 
OTP 
-40 to +85, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 16 
SOT187-2 


S87C51 FA-5B44 
S87C51 FB-5B44 
OTP 
-40 to +85, 44-Pin Plastic Quad Flat Pack 
3.5 to 16 
SOT307-2 


S87C51 FA-AN40 
S87C51 FB-AN40 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.5 to 24 
SOT129-1 


S87C51 FA-AF40 
S87C51FB-AF40 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 24 
0590B 


S87C51 FA-AA44 
S87C51 FB-AA44 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 24 
SOT187-2 


S87C51 FA-AK44 
S87C51 FB-AK44 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.5 to 24 
1472A 


S87C51 FA-BN40 
S87C51FB-BN40 
OTP 
-40 to +85, 40-Pin Plastic Dual In-line Package 
3.5 to 24 
SOT129-1 


S87C51 FA-BF40 
S87C51FB-BF40 
UV 
-40 to +85, 40-Pin Ceramic Dual In-line Package wlWindow 
3.5 to 24 
0590B 


S87C51 FA-BA44 
S87C51 FB-BA44 
OTP 
-40 to +85, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 24 
SOT187-2 


NOTE: 
1. OTP = One Time Programmable 
EPROM. UV = Erasable EPROM. 


r------------- 
I 
I 


vcci 
"""I 


vsslJl 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


SFRs 


TlMERS 


P.C.A 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
__________ 
-l 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
ADDRESS MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


AUXR# 
Auxiliary 
8EH 
- 
I 
- 
I 
- 
I 
- 
I 
- 
- 
I 
- 
I 
AO 
xxxxxxxOB 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


CCAPOH# 
Module 0 Capture High 
FAH 
xxxxxxxxB 


CCAP1H# 
Module 1 Capture High 
FBH 
xxxxxxxxB 


CCAP2H# 
Module 2 Capture High 
FCH 
xxxxxxxxB 


CCAP3H# 
Module 3 Capture High 
FDH 
xxxxxxxxB 


CCAP4H# 
Module 4 Capture High 
FEH 
xxxxxxxxB 


CCAPOL# 
Module 0 Capture Low 
EAH 
xxxxxxxxB 


CCAP1L# 
Module 1 Capture Low 
EBH 
xxxxxxxxB 


CCAP2L# 
Module 2 Capture Low 
ECH 
xxxxxxxxB 


CCAP3L# 
Module 3 Capture Low 
EDH 
xxxxxxxxB 


CCAP4L# 
Module 4 Capture Low 
EEH 
xxxxxxxxB 


CCAPMO# 
Module 0 Mode 
DAH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM1# 
Module 1 Mode 
DBH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM2# 
Module 2 Mode 
DCH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM3# 
Module 3 Mode 
DDH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM4# 
Module 4 Mode 
DEH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


CCON'# 
PCA Counter Control 
D8H 
CF 
I 
CR 
I 
- 
I CCF4 
CCF3 
CCF2 I CCF1 
CCFO 
OOxOOOOOB 


CHI 
PCA Counter High 
F9H 
OOH 
CL# 
PCA Counter Low 
E9H 
OOH 


CMOD# 
PCA Counter Mode 
D9H 
CIDL I WDTE I 
- 
I 
- 
- 
CPS1 I CPSO 
ECF 
OOxxxOOOB 


DPTR: 
Data Pointer (2 bytes) 
DPH 
Data Pointer High 
83H 
OOH 
DPL 
Data Pointer Low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE' 
Interrupt Enable 
A8H 
EA 
I 
EC 
ET2 
I 
ES 
ET1 
I EX1 I ETO 
EXO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP' 
Interrupt Priority 
B8H 
- 
PPC 
PT2 
I 
PS 
PT1 
I PX1 I 
PTO 
PXO 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO' 
PortO 
80H 
AD7 
AD6 
AD5 
AD4 
AD3 
I AD2 
AD1 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1' 
Port 1 
90H 
CEX4 
CEX3 
CEX2 
CEX1 
CEXO I 
ECI 
T2EX 
T2 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2' 
Port 2 
AOH 
AD15 
AD14 
AD13 
AD12 
AD11 I AD10 
AD9 
AD8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3' 
Port 3 
BOH 
"RU 
WR 
T1 
TO 
1liITT I lNTO 
TxD 
RxD 
FFH 


PCON# 
Power Control 
87H 
SMDDl 
SMODO 
- 
pOF1 
GF1 
I GFO 
PD 
I 
IDL 
OOxxxxOOB 


SFRs are bit addressable. 


# 
SFRs are modified from or added to the 80C51 SFRs. 


1. Reset value depends on reset source. 


87C51 FAl87C51 FB Special 
Function 
Registers 
(Continued) 


DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
ADDRESS MSB 
LSB 


W 
01 
00 


CY 
P 
PSW· 


RACAP2H# 


RACAP2L# 


Program Status Word 


Timer 2 Capture High 
Timer 2 Capture Low 


SADDR# 
Slave Address 
A9H 


SADEN# 
Slave Address Mask 
B9H 


SBUF 
Serial Data Buffer 
99H 


9F 


SCON" 
Serial Control 
98H 
SMO 


SP 
Stack Pointer 
81H 


8F 


TCON" 
Timer Control 
88H 
TFI 


CF 


T2CON" 
Timer 2 Control 
C8H 
TF2 


T2MOD# 
Timer 2 Mode Control 
C9H 


THO 
Timer High 0 
8CH 
THI 
Timer High 1 
8DH 


TH2# 
Timer High 2 
CDH 


TLO 
Timer Low 0 
8AH 


Tl1 
Timer Low 1 
8BH 
TL2# 
Timer Low 2 
CCH 


TMOD 
Timer Mode 
89H 
GATE 


SFRs are bit addressable. 
# 
SFRs are modified from or added to the 80C51 SFRs. 


2. T20E - see Programmable Clock-Out. 


98 


RI 
OOH 


07H 


88 


ITO 
OOH 


C8 


CP/RL2 
OOH 


DCEN 
xxxxxxOOB 


OOH 
OOH 
OOH 
OOH 
OOH 
OOH 


MO 
OOH 


CERAMIC 
AND PLASTIC 
LEADED 
CHIP CARRIER 
PLASTIC 
QUAD 
FLAT PACK 
PIN FUNCTIONS 
PIN FUNCTIONS 


40 
44 
34 


39 
33 


17 
11 
23 
29 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Functlon 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC' 
16 
P3.4IT0 
31 
P2.7/A15 
1 
P1.5!CEX2 
16 
vss 
31 
PO.61AD6 


2 
P1.0IT2 
17 
P3.5fT1 
32 
PSEl'l 
2 
P1.6ICEX3 
17 
NC' 
32 
PO.SlAD5 


3 
Pl.1fT2EX 
18 
P3.6IWR 
33 
ALE 
3 
P1.7ICEX4 
18 
P2.OIAS 
33 
PO.41A04 
4 
Pl.21ECI 
19 
P3.7/RO 
34 
NC' 
4 
RST 
19 
P2.1/A9 
34 
PO.31AD3 
5 
Pl.3ICEXQ 
20 
XTAl2 
35 
lOA 
5 
P3.O/RxD 
20 
P2.2/Al0 
35 
PO.2/AD2 
6 
Pl.4/CEX1 
21 
XTAl1 
36 
PO.7/AD7 
6 
NC' 
21 
P2.31Al1 
36 
PO.1/AD1 


7 
P1.5!CEX2 
22 
Vss 
37 
PO.61AD6 
7 
P3.11TxO 
22 
P2.41A12 
37 
PO.OIAOO 
8 
P1.6ICEX3 
23 
NC' 
38 
PO.SlAD5 
8 
P3.2J1NTll 
23 
P2.SlA13 
38 
Vcc 
9 
Pl.7/CEX4 
24 
P2.G'AB 
39 
PO.41AD4 
9 
P3.3IIIlTf 
24 
P2.61A14 
39 
NC' 


'0 
RST 
25 
P2.1/A9 
40 
PO.31AD3 
10 
P3.4fTO 
25 
P2.7/A15 
40 
Pl.0fT2 
11 
P3.OIRxD 
26 
P2.21Al0 
41 
PO.2/AD2 
11 
P3.5IT1 
26 
PSEl'l 
41 
P1.1fT2EX 
12 
NC' 
27 
P2.31A11 
42 
PO.1/AD1 
12 
P3.6IWR 
27 
ALE 
42 
Pl.2lECI 
13 
P3.1ITxD 
28 
P2.41A12 
43 
PO.OIAOO 
13 
P3.71RU 
28 
NC' 
43 
P1.3ICEXO 
14 
P3.2J1NTll 
29 
P2.51A13 
44 
Vcc 
14 
XTAl2 
29 
lOA 
44 
Pl.4ICEXl 
15 
P3.3IIIlTf 
30 
P2.61A14 
15 
XTALl 
30 
PO.7/AD7 


• DO NOT CONNECT 
SUOO7158 
• DO NOTCONNECT 
SUOO7168 


PIN DESCRIPTIONS 


PIN 
NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME 
AND 
FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


VCC 
40 
44 
38 
I 
Power 
Supply: 
This 
is the 
power 
supply 
voltage 
for normal, 
idle, 
and 
power-down 


operation. 


PO.O-O.7 
39-32 
43-36 
37-30 
I/O 
Port 
0: Port 
0 is an open-drain, 
bidirectional 
I/O port. 
Port 
0 pins 
that 
have 
1s written 
to them 
float 
and 
can 
be used 
as high-impedance 
inputs. 
Port 
0 is also 
the 
multiplexed 
low-order 
address 
and 
data 
bus during 
accesses 
to external 
program 
and 
data 
memory. 
In this 


application, 
it uses 
strong 
internal 
pUll-ups 
when 
emitting 
1s. Port 
0 also 
outputs 
the code 


bytes 
during 
program 
verification 
and 
receives 
code 
bytes 
during 
EPROM 
programming. 


Extemal 
pull-ups 
are 
required 
during 
program 
verification. 


P1.o-P1.7 
1~ 
2-9 
40-44, 
I/O 
Port 
1: Port 
1 is an B-bit 
bidirectional 
I/O port 
with 
internal 
pull-ups. 
Port 
1 pins 
that 
have 
1s 
1-3 
written 
to them 
are pUlled 
high 
by the internal 
pUll-Ups 
and 
can 
be used 
as inputs. 
As inputs, 
port 
1 pins 
that 
are externally 
pulled 
low will source 
current 
because 
of the 
internal 
pull-ups. 


(See 
DC Electrical 
Characteristics: 
IILl. Port 
1 also 
receives 
the 
low-order 
address 
byte 


during 
program 
memory 
verification. 
Altemate 
functions 
include: 
1 
2 
40 
I 
T2 (P1.0): 
Timer/Counter 
2 external 
count 
inpuVClockout 
(See 
Programmable 
Clock-Qu1.) 


2 
3 
41 
I 
T2EX 
(P1.1): 
Timer/Counter 
2 Reload/Capture/Direction 
Control 


3 
4 
42 
I 
ECI (P1.2): 
External 
Clock 
Input 
to the 
PCA 


4 
5 
43 
I/O 
CEXO 
(P1.3): 
Capture/Compare 
Extemal 
I/O for 
PCA 
module 
0 


5 
6 
44 
I/O 
CEX1 
(P1.4): 
Capture/Compare 
Extemall/O 
for 
PCA 
module 
1 


6 
7 
1 
I/O 
CEX2 
(P1.5): 
Capture/Compare 
Extemall/O 
for PCA 
module 
2 


7 
B 
2 
I/O 
CEX3 
(P1.6): 
Capture/Compare 
External 
I/O for PCA 
module 
3 


8 
9 
3 
I/O 
CEX4 
(P1.7): 
Capture/Compare 
External 
I/O for 
PCA 
module 
4 


P2.o-P2.7 
21-2B 
24-31 
18-25 
I/O 
Port 
2: Port 
2 is an B-bit bidirectional 
I/O port 
with 
internal 
pull-ups. 
Port 
2 pins 
that 
have 
1s 
written 
to them 
are pulled 
high 
by the 
intemal 
pull-ups 
and 
can 
be used 
as inputs. 
As inputs, 


port 
2 pins 
that 
are externally 
being 
pulled 
low will 
source 
current 
because 
of the 
intemal 


pull-ups. 
(See 
DC Electrical 
Characteristics: 
IILl. Port 
2 emits 
the 
high-order 
address 
byte 


during 
fetches 
from 
external 
program 
memory 
and 
during 
accesses 
to external 
data 
memory 
that 
use 
16-bit 
addresses 
(MOVX 
@DPTR). 
In this 
application, 
it uses 
strong 
intemal 


pull-ups 
when 
emitting 
1s. During 
accesses 
to external 
data 
memory 
that 
use 
B-bit 


addresses 
(MOV 
@Ri), 
port 
2 emits 
the contents 
of the 
P2 special 
function 
register. 
Some 


Port 
2 pins 
receive 
the 
high 
order 
address 
bits during 
EPROM 
programming 
and 
verification. 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


P3.o-P3.7 
10-17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s 
13--19 
7-13 
written to them are pUlled high by the intemal pUll-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pUlled low will source current because of the pUll-ups. 
(See DC Electrical Characteristics: 
IILl. Port 3 also serves the special features of the 80C51 


family, as listed below: 


10 
11 
5 
I 
RxD (P3.O): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
rnnl (P3.2): External interrupt 


13 
15 
9 
I 
IJiITf (P3.3): External interrupt 


14 
16 
10 
I 
TO (P3.4): Timer 0 external input 


15 
17 
11 
I 
T1 (P3.5): Timer 1 external input 


16 
18 
12 
0 
WR (P3.6): External data memory write strobe 


17 
19 
13 
0 
RD (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vee. 


ALEIPROG 
30 
33 
27 
I/O 
Address 
Latch EnablelProgram 
Pulse: Output pulse for latching the low byte of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (PROO) during EPROM programming. 


J5SEN 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to external program memo~~'tren the 


87C51 FAlFB is executing code from the external program memory, 
is activated twice 


each machine CYCle,eX$S~t~hat two J5SEN activations are skipped during each access to 
external data memory. 
is not activated during fetches from internal program memory. 
r=ANpp 
31 
35 
29 
I 
External 
Access 
EnablelProgramming 
Supply Voltage: 
"Eli: must be externally held low 


to enable the device to fetch code from external program memory locations OOOOHto 
1FFFH. If "Eli: is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 1FFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during. EPROM programming. 
If security bit 1 is 


programmed, "Eli: will be intemally latched on Reset. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid 'atch-up" 
effect at power-on, the voltage on any pin at any time must not be higher than Vee + 0.5V or Vss - 0.5V, respectively. 


TIMER 2 
This is a 16-bit up or down counter, which can be operated as either 
a timer or event counter. It can be operated in one of three different 
modes (autoreload, capture or as the baud rate generator for the 
UART). 


In the autoreload mode the Timer can be set to count up or down by 
setting or clearing the bit DCEN in the T2CON Special Function 
Register. The SFR's RCAP2H and RCAP2L are used to reload the 
Timer upon overflow or a 1-to-0 transition on the T2EX input (P1.1). 


In the Capture mode Timer 2 can either set TF2 and generate an 
interrupt or capture its value. To capture Timer 2 in response to a 
1-to-0 transition on the T2EX input, the EXEN2 bit in the T2CON 
must be set. Timer 2 is then captured in SFR's RCAP2H and 
RCAP2L. 


As the baud rate generator, Timer 2 is selected by setting TCLK 
and/or RCLK in T2CON. As the baud rate generator Timer 2 is 
incremented at '/2 the oscillator frequency. 


POWER 
OFF FLAG 
The Power Off Flag (POF) is set by on-chip circuitry when the Vee 
level on the 87C51 FAlFB rises from 0 to 5V. The POF bit can be set 
or cleared by software allowing a user to determine if the reset is the 
result of a power-on or a warm start after powerdown. The Vce level 
must remain above 3V for the POF to remain unaffected by the Vee 
level. 


OSCILLATOR 
CHARACTERISTICS 


XTAL 1 and XTAL2 are the input and output, respectively, of an 
inverting amplifier. The pins can be configured for use as an on-chip 
oscillator. 


To drive the device from an external clock source, XTAL 1 should be 
driven while XTAL2 is left unconnected. There are no requirements 
on the duty cycle of the external clock signal, because the input to 
the internal clock circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and low times specified in 
the data sheet must be observed. 


Reset 
A reset is accomplished 
by holding the RST pin high for at least two 


machine cycles (24 oscillator periods), while the oscillator is running. 
To insure a good power-on reset, the RST pin must be high long 
enough to allow the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At power-on, the voltage on 
Vcc and RST must come up at the same time for a proper start-up. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep while all of the on-chip 
peripherals stay active. The instruction to invoke the idle mode is the 
last instruction executed in the normal operating mode before the 
idle mode is activated. The CPU contents, the on-chip RAM, and all 
of the special function registers remain intact during this mode. The 
idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the interrupt service routine 
and continued), or by a hardware reset which starts the processor in 
the same manner as a power-on reset. 


Power-Down 
Mode 


To save even more power, a Power Down mode can be invoked by 
software. In this mode, the oscillator is stopped and the instruction 
that invoked Power Down is the last instruction executed. The 
on-chip RAM and Special Function Registers retain their values until 
the Power Down mode is terminated. 


On the 87C51 FA/FB either a hardware reset or external interrupt 
can use an exit from Power Down. Reset redefines all the SFRs but 
does not change the on-chip RAM. An external interrupt allows both 
the SFRs and the on-chip RAM to retain their values. 


To properly terminate Power Down the reset or external interrupt 
should not be executed before Vcc is restored to its normal 
operating level and must be held active long enough for the 
oscillator to restart and stabilize (normally less than 10ms). 


With an external interrupt, INTO and INT1 must be enabled and 
configured as level-sensitive. 
Holding the pin low restarts the 


oscillator but bringing the pin back high completes the exit. Once the 
interrupt is serviced, the next instruction to be executed after RETI 
will be the one following the instruction that put the device into 
Power Down. 


Design 
Consideration 


• When the idle mode is terminated by a hardware reset, the device 
normally resumes program execution, from where it left off, up to 
two machine cycles before the internal rest algorithm takes 
control. On-chip hardware inhibits access to internal RAM in this 
event, but access to the port pins is not inhibited. To eliminate the 
possibility of an unexpected write when Idle is terminated by reset, 
the instruction following the one that invokes Idle should not be 
one that writes to a port pin or to external memory. 


ONCETM Mode 
The ONCE ("On-Circuit Emulation") Mode facilitates testing and 
debugging of systems using the 87C51 FA/FB without the 
87C51 FA/FB having to be removed from the circuit. The ONCE 
Mode is invoked by: 
1. Pull ALE low while the device is in reset and J5Srn is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 0 pins go into a float 
state, and the other port pins and ALE and J5Srn are weakly pulled 
high. The oscillator circuit remains active. While the 87C51 FA/FB is 
in this mode, an emulator or test CPU can be used to drive the 
circuit. Normal operation is restored when a normal reset is applied. 


Programmable 
Clock-Out 
The 87C51 FA/FB has a new feature. A 50% duty cycle clock can be 
programmed to come out on P1.0. This pin, besides being a regular 
I/O pin, has two alternate functions. It can be programmed (1) to 
input the external clock for Timer/Counter 2 or (2) to output a 50% 
duty cycle clock ranging from 61Hz to 4MHz at a 16MHz operating 
frequency. 


To configure the Timer/Counter 2 as a clock generator, bit CIT2 (in 
T2CON) must be cleared and bit T20E in T2MOD must be set. Bit 
TR2 (T2CON.2) also must be set to start the timer. 


The Clock-Out frequency depends on the oscillator frequency and 
the reload value of Timer 2 capture registers (RCAP2H, RCAP2L) 
as shown in this equation: 


Oscillator 
Frequency 
4 x (65536 - 
RCAP2H, RCAP2L) 


In the Clock-Out mode, Timer 2 roll-overs will not generate an 
interrupt. This is similar to when it is used as a baud-rate generator. 
It is possible to use Timer 2 as a baud-rate generator and a clock 
generator simultaneously. Note, however, that the baud-rate and the 
Clock-Out frequency will be the same. 


PROGRAM 


MODE 
MEMORY 
ALE 
PSER 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


Programmable 
Counter 
Array (PCA) 
The Programmable Counter Array is a special Timer that has five 
16-bit capture/compare 
modules associated with it. Each of the 
modules can be programmed to operate in one of four modes: rising 
and/or falling edge capture, software timer, high-speed output, or 
pulse width modulator. Each module has a pin associated with it in 
port 1. Module 0 is connected to P1.3(CEXO), module 1 to 
P1.4(CEX1), etc. The basic PCA configuration is shown in Figure 1. 


The PCA timer is a common time base for all five modules and can 
be programmed to run al: 1/12the oscillator frequency, 1/4 the 
oscillator frequency, the Timer 0 overflow, or the input on the ECI pin 
(P1.2). The timer count source is determined from the CPS1 and 
CPSO bits in the CMOD SFR as follows (see Figure 4): 


CPS1 
CPSO PCA Timer Count Source 


o 
0 
1/12 oscillator frequency 
o 
1 
1/4 oscillator frequency 


1 
0 
Timer 0 overflow 


1 
1 
External Input at ECI pin 


in the CMOD SFR are three additional bits associated with the PCA. 
They are CIDl which allows the PCA to stop during idle mode, 
WDTE which enables or disables the watchdog function on module 
4, and ECF which when set causes an interrupt and the PCA 
overflow flag, CF (in the CCON SFR) to be set when the PCA timer 
overflows. These functions are shown in Figure 2. 


The watchdog timer function is implemented in module 4 as 
implemented in other parts that have a PCA that are available on the 
market. However, if a watchdog timer is required in the target 
application, it is recommended to use the hardware watchdog timer 
that is implemented on the 87C51 FA/FB separately from the PCA 
(see Figure 12). 


The CCON SFR contains the run control bit for the PCA and the 
flags for the PCA timer (CF) and each module (refer to Figure 5). To 
run the PCA the CR bit (CCON.6) must be set by software. The 
PCA is shut off by clearing this bit. The CF bit (CCON.7) is set when 
the PCA counter overflows and an interrupt will be generated if the 
ECF bit in the CMOD register is set, The CF bit can only be cleared 
by software. Bits 0 through 4 of the CCON register are the flags for 
the modules (bit 0 for module 0, bit 1 for module 1, etc.) and are set 
by hardware when either a match or a capture occurs. These flags 
also can only be cleared by software. The PCA interrupt system 
shown in Figure 3. 


MODULE 
FUNCTIONS: 
16-BIT 
CAPTURE 
16-BITTlMER 


'6-BIT 
HIGH 
SPEED 
OUTPUT 
8·BITPWM 
WATCHDOG 
TIMER 
(MODULE 
4 ONLY) 


Each module in the PCA has a special function register associated 
with it. These registers are: CCAPMO for module 0, CCAPM1 for 
module 1, etc. (see Figure 6). The registers contain the bits that 
control the mode in which each module will operate. The ECCF bit 
(CCAPMn.O where n=O, 1, 2, 3, or 4 depending on the module) 
enables the CCF flag in the CCON SFR to generate an interrupt 
when a match or compare occurs in the associated module. PWM 
(CCAPMn.1) enables the pulse width modulation mode. The TOG 
bit (CCAPMn.2) when set causes the CEX output associated with 
the module to toggle when there is a match between the PCA 
counter and the module's capture/compare 
register. The match bit 


MAT (CCAPMn.3) when set will cause the CCFn bit in the CCON 
register to be set when there is a match between the PCA counter 
and the module's capture/compare 
register. 


The next two bits CAPN (CCAPMn.4) and CAPP (CCAPMn.5) 
determine the edge that a capture input will be active on. The CAPN 
bit enables the negative edge, and the CAPP bit enables the 
positive edge. If both bits are set both edges will be enabled and a 
capture will occur for either transition. The last bit in the register 
ECOM (CCAPMn.6) when set enables the comparator function. 
Figure 7 shows the CCAPMn sellings for the various PCA functions. 


There are two additional registers associated with each of the PCA 
modules. They are CCAPnH and CCAPnl 
and these are the 


registers that store the 16-bit count when a capture occurs or a 
compare should occur. When a module is used in the PWM mode 
these registers are used to control the duly cycle of the output. 


PCA Capture 
Mode 
To use one of the PCA modules in the capture mode either one or 
both of the CCAPM bits CAPN and CAPP for that module must be 
set. The external CEX input for the module (on port 1) is sampled for 
a transition. When a valid transition occurs the PCA hardware loads 
the value of the PCA counter registers (CH and Cl) into the 
module's capture registers (CCAPnl 
and CCAPnH). If the CCFn bit 


for the module in the CCON SFR and the ECCFn bit in the CCAPMn 
SFR are set then an interrupt will be generated. Refer to Figure 8. 


16·bit Software 
Timer Mode 
The PCA modules can be used as software timers by selling both 
the ECOM and MAT bits in the modules CCAPMn register. The PCA 
timer will be compared to the module's capture registers and when a 
match occurs an interrupt will occur if the CCFn (CCON SFR) and 
the ECCFn (CCAPMn SFR) bits for the module are both set (see 
Figure 9). 


;..... Oll... 
...... 
9.1.. . 
........... 10.... 
.............1L 


TO 
INTERRUPT 
PRIORITY 
DECODER 


CMOD.O~ 
CCAPMn.O I ~~~F~ I 


CPSl 


CPSO 


Bit Addressable 
I 
CIDL 
I 
WDTE 
CPSl 


2 


Counter Idle control: CIDL = 0 programs the PCA Counter to continue functioning during idle Mode. CIDL = 1 programs 
it to be gated 011 during idle. 


Watchdog Timer Enable: WDTE = 0 disables Watchdog Timer function on PCA Module 4. WDTE = 1 enables it. 


Not implemented, reserved for future use." 


PCA Count Pulse Select bit 1. 


PCA Count Pulse Select bit O. 
CPSl 
CPSO 
Selected 
PCA Input"" 
o 
0 
0 
Internal clock, fose + 12 
o 
1 
1 
Internal clock, fose + 4 
1 
0 
2 
Timer 0 overflow 
1 
1 
3 
External clock at ECI/P1.2 pin (max. rate = fose + B) 


PCA Enable Counter Overflow interrupt: ECF = 1 enables CF bit in CCON to generate an interrupt. ECF = 0 disables 
that function of CF. 


NOTE, 
• 
User software 
should 
not write 
1$ to reserved 
bits. These 
bits may be used 
In future 
8051 family 
products 
to invoke 
new features. 
In that case, 
the reset or inactive 
value oltha 


new bit will be 0, and its active 
value 
will be 1. The value 
read 'rom 
a reserved 
bit is indeterminate. 


•• 
'ose" 
oscillator 
frequency 


Symbol 


CF 


CCF4 


CCF3 


CCF2 


CCFl 


CCFO 


Bit Addressable 
I 
CF 
'--CR--- 


6 


CCF4 


4 


CCF3 


3 


CCFO 


o 


Function 


PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an interrupt if bit ECF in CMOD is 
set. CF may be set by either hardware or software but can only be cleared by software. 


PCA Counter Run control bit. Set by software to turn the PCA counter on. Must be cleared by software to turn the PCA 
counter 011. 


Not implemented, reserved for future use". 


PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 3 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 0 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


NOTE, 


User software 
should 
not write 
1s to reserved 
bits. These 
bits may be used 
in future 
8051 family 
products 
to invoke 
new fealures. 
In that case. the reset or inactive 
value 
of the 
new bit will be 0, and its active 
value 
will be 1. The value 
read from a reserved 
bit is indeterminate. 


CCAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 


ODAH 
ODBH 
ODCH 
ODDH 
ODEH 


Not Bit Addressab_le 
_ 


1 
1 ECOMn 
CAPPn 
CAPNn 


Function 


Not implemented, reserved for future use". 


Enable Comparator. ECOMn = 1 enables the comparator function. 


Capture Positive, CAPPn = 1 enables positive edge capture. 


Capture Negative, CAPNn = 1 enables negative edge capture. 


Match. When MATn = 1, a match of the PCA counter with this module's compare/capture 
register causes the CCFn bit 


in CCON to be set, flagging an interrupt. 


Toggle. When TOGn = 1, a match of the PCA counter with this module's compare/capture 
register causes the CEXn 
pin to toggle. 


Pulse Width Modulation Mode. PWMn = 1 enables the CEXn pin to be used as a pulse width modulated output. 


Enable CCF interrupt. Enables compare/capture 
flag CCFn in the CCON register to generate an interrupt. 


ECOMn 


CAPPn 


CAPNn 


MATn 


PWMn 


ECCFn 


MATn 


3 


TOGn 


2 


ECCFn 


o 


NOTE: 
·User 
software 
should 
not write 
1s to reserved 
bits. These 
bits may be used in future 
8051 family 
products 
to invoke 
new features. 
In that case, 
the reset or inactive 
value 
of the new 


bit will be O. and its active 
value will be 1. The value 
read from a reserved 
bit is indeterminate. 


- 
ECOMn 
CAPPn 
CAPNn 
MATn 
TOGn 
PWMn 
ECCFn 
MODULE FUNCTION 


X 
0 
0 
0 
0 
0 
0 
0 
No operation 


X 
X 
1 
0 
0 
0 
0 
X 
16-bit capture by a positive-edge trigger on CEXn 


X 
X 
0 
1 
0 
0 
0 
X 
16-bit capture by a negative trigger on CEXn 


X 
X 
1 
1 
0 
0 
0 
X 
16-bit capture by a transition on CEXn 


X 
1 
0 
0 
1 
0 
0 
X 
16-bit Software Timer 


X 
1 
0 
0 
1 
1 
0 
X 
16-bit High Speed Output 


X 
1 
0 
0 
0 
0 
1 
0 
8-bilPWM 


X 
1 
0 
0 
1 
X 
0 
X 
Watchdog Timer 


High Speed Output 
Mode 
In this mode the CEX output (on port 1) associated with the PCA 
module will toggle each time a match occurs between the PCA 
counter and the module's capture registers. To activate this mode 
the TOG, MAT, and ECOM bits in the module's CCAPMn SFR must 
be set (see Figure 10). 


Pulse Width Modulator 
Mode 
All of the PCA modules can be used as PWM outputs. Figure 11 
shows the PWM function. The frequency of the output depends on 
the source for the PCA timer. All of the modules will have the same 
frequency of output because they all share the PCA timer. The duty 
cycle of each module is independently variable using the module's 
capture register CCAPLn. When the value of the PCA CL SFR is 
less than the value in the module's CCAPLn SFR the output will be 
low, when it is equal to or greater than the output will be high. When 
CL overflows from FF to 00, CCAPLn is reloaded with the value in 
CCAPHn then allows updating the PWM without glitches. The PWM 
and ECOM bits in the module's CCAPMn register must be set to 
enable the PWM mode. 


Enhanced 
UART 
The UART operates in all of the usual modes that are described in 
the first section of this book for the 80C51. In addition the UART can 
perform framing error detect by looking for missing stop bits, and 
automatic address recognition. The 8?C51 FNFB UART also fully 
supports multiprocessor communication as does the standard 
80C51 UART. 


When used for framing error detect the UART looks for missing stop 
bits in the communication. A missing bit will set the FE bit in the 
SCON register. The FE bit shares the SCON.? bit with SMO and the 
function of SCON.? is determined by PCON.6 (SMODO) (see Figure 
13). If SMODO is set then SCON.? functions as FE. SCON.? 
functions as SMO when SMODO is cleared. When used as FE 
SCON.? can only be cleared by software. Refer to Figure 14. 


Automatic 
Address 
Recognition 


Automatic Address Recognition is a feature which allows the UART 
to recognize certain addresses in the serial bit stream by using 
hardware to make the comparisons. This feature saves a great deal 


of software overhead by eliminating the need for the software to 
examine every serial address which passes by the serial port. This 
feature is enabled by setting the SM2 bit in SCON. In the 9 bit UART 
modes, mode 2 and mode 3, the Receive Interrupt flag (RI) will be 
automatically set when the received byte contains either the "Given" 
address or the "Broadcast" address. The 9 bit mode requires that 
the 9th information bit is a 1 to indicate that the received information 
is an address and not data. Automatic address recognition is shown 
in Figure 15. 


The B bit mode is called Mode 1. In this mode the RI flag will be set 
if SM2 is enabled and the information received has a valid stop bit 
following the B address bits and the information is either a Given or 
Broadcast address. 


Mode a is the Shift Register mode and SM2 is ignored. 


Using the Automatic Address Recognition feature allows a master to 
selectively communicate with one or more slaves by invoking the 
Given slave address or addresses. All of the slaves may.be 
contacted by using the Broadcast address. Two special Function 
Registers are used to define the slave's address, SADDR, and the 
address mask, SADEN. SADEN is used to define which bits in the 
SADDR are to b used and which bits are "don't care". The SADEN 
mask can be logically ANDed with the SADDR to create the "IGiven" 
address which the master will use for addressing each of the slaves. 
Use of the Given address allows multiple slaves to be recognized 
while excluding others. The following examples will help to show the 
versatility of this scheme: 


Slave a 
SADDR 
1100 0000 


SADEN 
1111 1101 


Given 
1100 OOXO 


Slave 1 
SADDR 
1100 0000 


SADEN 
1111 1110 


Given 
1100 OOOX 


In the above example SADDR is the same and the SADEN data is 
used to differentiate between the two slaves. Slave 0 requires a 0 in 
bit 0 and it ignores bit1. Slave 1 requires a a in bit 1 and bit 0 is 
ignored. A unique address for Slave 0 would be 1100 0010 since 
slave 1 requires a 0 in bit1. A unique address for slave 1 would be 
1100 0001 since a 1 in bit 0 will exclude slave O. Both slaves can be 
selected at the same time by an address which has bit 0 = 0 (for 
slave 0) and bit 1 = 0 (for slave 1). Thus, both could be addressed 
with 1100 0000. 


In a more complex system the following could be used to select 
slaves 1 and 2 while excluding slave 0: 


Slave 0 
SADDR 
1100 0000 


SADEN 
1111 1001 


Given 
1100 OXXO 


Slave 1 
SADDR 
1110 0000 
SADEN 
1111 1010 
Given 
1110 OXOX 


Slave 2 
SADDR 
1110 0000 


SADEN 
1111 1100 


Given 
1110 OOXX 


In the above example the differentiation among the 3 slaves is in the 
lower 3 address bits. Slave 0 requires that bit 0 = 0 and it can be 
uniquely addressed by 1110 0110. Slave 1 requires that bit 1 = 0 and 
it can be uniquely addressed by 1110 and 0101. Slave 2 requires 
that bit 2 = 0 and its unique address is 1110 0011. To select Slaves 0 
and 1 and exclude Slave 2 use address 11100100, since it is 
necessary to make bit 2 = 1 to exclude slave 2. 


The Broadcast Address for each slave is created by taking the 
logical OR of SADDR and SADEN. Zeros in this result are teated as 
don't-cares. In most cases, interpreting the don't-cares as ones, the 
broadcast address will be FF hexadecimal. 


Upon reset SADDR (SFR address OA9H) and SADEN (SFR 
address OB9H) are loaded with Os. This produces a given address 
of all "don't cares" as well as a Broadcast address of all "don't 
cares". This effectively disables the Automatic Addressing mode and 
allows the microcontroller to use standard BOC51 type UART drivers 
which do not make use of this feature. 


Reduced 
EMI Mode 
The AD bit (AUXR.O) in the AUXR register when set disables the 
ALE output. 


87C51 FAlFB Reduced 
EMI Mode 


AUXR (OXBE) 


AD: 
Turns off ALE output. 


Interrupt 
Enable (IE) Register 
EA 
IE.? 
enable all interrupts 
EC 
IE.6 
enable PCA interrupt 
ET2 
IE.S 
enable Timer 2 interrupt 
ES 
lEA 
enable Serial 110 interrupt 
ET1 
IE.3 
enable Timer 1 interrupt 
EX1 
IE.2 
enable External interrupt 1 
ETO 
IE.1 
enable Timer 0 interrupt 
EXO 
IE.O 
enable External interrupt 0 


Interrupt 
Priority 
(IP) Register 
IP.? 
reserved 
PPC 
IP.6 
PCA interrupt priority 
PT2 
IP.S 
Timer 2 interrupt priority 
PS 
IPA 
Serial 110 interrupt priority 
PT1 
IP.3 
Timer 1 interrupt priority 
PX1 
IP.2 
External interrupt 1 priority 


PTO 
IP.1 
Timer 0 interrupt priority 
PXO 
IP.O 
External interrupt 0 priority 


Priority 
Source 
Flag 
Vector 
1 
INTO 
IEO 
03H highest priority 


2 
Timer 0 
TFO 
OBH 
3 
INT1 
IE1 
13H 


4 
Timer 1 
TF1 
1BH 
5 
PCA 
CF,CCFn 
33H 
6 
Serial 110 
RI,TI 
23H 
? 
Timer 2 
TF2JEXF2 
2BH lowest priority 


·······t·····························~ 


-----~~------~. 
PeA 
INTERRUPT 


...•........................ ;::::.::.;.....• 


~ 
PCAINTERRUPT 


...~ 
~ 
.....• 


~ 
PCAINTERRUPT 


SCON 
Address = 98H 


Bit Addressable 
I SMO/FE I 
SMl 


Bit: 
7 
6 


(SMODO = 011r 


REN 
TBS 


RBS 


Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit. 


Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO) 


Seriai Port Mode Bit 1 
SMO 
SMl 
Mode 
Description 
Baud Rate-- 


o 
0 
0 
shift register 
fose/12 


o 
1 
1 
8-bit UART 
variable 


1 
0 
2 
9-bit UART 
fose/64 or fose/32 


1 
1 
3 
9-bit UART 
variable 


Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then RI will not be set unless the 
received 9th data bit (RB8) is 1, indicating an address, and the received byte is a Given or Broadcast Address. 
In Mode 1, if SM2 = 1 then RI will not be activated unless a valid stop bit was received, and the received byte is a 
Given or Broadcast Address. In Mode 0, SM2 should be O. 


Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


The 9th data bit that will be transmit1ed in Modes 2 and 3. Set or clear by software as desired. 


In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = 0, RB8 is the stop bit that was received. 
In Mode 0, RB8 is not used. 


Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. Must be cleared by software. 


Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in 
the other modes, in any serial reception (except see SM2). Must be cleared by software. 


NOTE: 
'SMOOD 
is located 
at PCON6. 


"'ose 
= oscillator 
frequency 


START 
DATA BYTE 
ONLY 
IN 
STOP 
BIT 
MODE 2, 3 
BIT 


IN UART 
MODE 
2 OR MODE 
3 AND 5M2:: 
1; 


INTERRUPT 
IF REN=', 
RBS=' 
AND "RECEIVED 
ADDRESS" 
= "PROGRAMMED 
ADDRESS" 


- WHEN 
OWN 
ADDRESS 
RECEIVED, 
CLEAR 
SM2 TO RECEIVE 
DATA BYTES 


- WHEN 
ALL DATA BYTES 
HAVE 
BEEN 
RECEIVED: 
SeT 
5M2 TO WAIT 
FOR 
NEXT 
ADDRESS. 


.PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 or-40 
to +B5 
°C 


Storage temperature range 
-65 to +150 
°C 


Voltage on rgfJVpp pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-D.5to 
+6.5 
V 


Maximum IOLper 1/0 pin 
15 
mA 


Power dissipation 
1.5 
W 
(based on package heat transfer limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in the AC and DC Electricai Characteristics 
section 


of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


Electrical 
Deviations 
from Commercial 
Specifications 
for Extended 
Temperature 
Range 


DC and AC parameters not included here are the same as in the commercial temperature range table. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= -40°C to +B5°C, Vcc = 5V ±10%, Vss = ov 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage, except EA 
-D.5 
0.2VcC-O·15 
V 


VIL1 
Input low voltage to EA 
0 
0.2VcC-O·35 
V 


VIH 
Input high voltage, except XTAL 1, RST 
0.2Vcc+1 
Vcc+0.5 
V 


VIHl 
Input high voltage to XTAL 1, RST 
0.7Vcc+0.1 
Vcc+0.5 
V 


IlL 
Logical 0 input current, ports 1, 2, 3 
VIN = 0.45V 
-75 
fJ.A 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3 
V1N= 2.0V 
-750 
!iA 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C or -40°C to +B5°C, Vcc = 5V ±10%, Vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


VIL 
Input low voltage, except EiV 
-<>.5 
0.2VcC-<>·1 
V 


VIU 
Input low voltage to EiV 
0 
0.2VcC-<>·3 
V 


VIH 
Input high voltage, except XTAL 1, RST7 
0.2Vcc+0.9 
Vcc+0.5 
V 


V,H1 
Input high voltage, XTAL 1, RST7 
0.7Vcc 
Vcc+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 39 
IOL= 1.6mA2 
0.45 
V 


VOU 
Output low voltage, port 0, ALE, "PSEfil9 
tOL= 3.2mA2 
0.45 
V 


VOH 
Output high voltage, ports 1, 2, 3, ALE, "PSEfil9 
IOH= -30fIA 
Vcc-0.7 
V 


VOHl 
Output ~~~NJoltage 
(port 0 in extemal 
bus mode), 
IOH=-3·2mA 
Vcc - 0.7 
V 
ALE10, 


I'L 
Logical 0 input current, ports 1, 2, 37 
V,N = 0.45V 
-50 
fIA 


ITL 
Logical l-to-O transition current, ports 1, 2, 37 
See note 4 
-650 
fIA 


III 
Input leakage current, port 0 
0.45 V,N < 
±10 
fIA 
Vcc-0.3 


Icc 
Power supply current: 
See note 6 


Active mode @ 16MHz5 
15 
32 
mA 
Idle mode @ 16MHz 
3 
5 
mA 
Power-down mode 
Tamb= 0 to +70°C 
10 
50 
fIA 
Tamb= -40 to +B5°C 
75 
fIA 


RRST 
Intemal reset pull-down resistor 
50 
225 
kn 


CIO 
Pin capacitance l' (except fA) 
15 
pF 


NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to extemal bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed O.BV.In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEJil to momentarily fall below the 0.9V cc specification when the 
address bits are stabilizing. 


4. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 
5. 
ICCMAXat other frequencies is given by: Active mode: ICCMAX= 1.50 x FREQ + B; Idle mode: ICCMAX= 0.14 x FREQ +2.31, 
where FREQ is the external oscillator frequency in MHz. 'CCMAXis given in mA. See Figure 23. 
6. 
See Figures 24 through 27 for Icc test conditions. 
7. These values apply only to Tamb= O°C to +70°C. For Tamb= -40°C to +B5°C, see table on previous page. 
B. Load capacitance for port 0, ALE, and PSEJil = 100pF, load capacitance for all other outputs = BOpF. 
9. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
15mA (·NOTE: This is B5°C specification.) 
Maximum IOLper B-bit port: 
26mA 


Maximum totallOL for all outputs: 
71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


10.ALE is tested to VOH1,except when ALE is off then VOH is the voltage specification. 
11. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF (except El\, it is 25pF). 


AC ELECTRICAL 
CHARACTERISTICS 
Tamb = DOCto +70°C or -40°C to +85°C, Vcc = 5V ±10%, Vss = OV1,2, 3 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETEI'l 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lcLCL 
16 
Oscillator frequency 
-4,-5 
3.5 
16 
MHz 


-A,-B 
3.5 
24 
MHz 


tLHLL 
16 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
16 
Address valid to ALE low 
22 
lcLCL-40 
ns 


tLLAX 
16 
Address hold after ALE low 
32 
lcLCL-30 
ns 


tLLlV 
16 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


tLLPL 
16 
ALE low to F'SEJillow 
32 
lcLCL-30 
ns 


tPLPH 
16 
F'SEJil pulse width 
142 
3lcLCL-45 
ns 


tPLlV4 
16 
F'SEJillow to vaiid instruction in 
82 
3lcLCL-105 
ns 


tPXIX 
16 
Input instruction hold after F'SEJil 
0 
0 
ns 


tPXIZ 
16 
Input instruction float after F'SEJil 
37 
lcLCL-25 
ns 


tAVIV 
16 
Address to valid instruction in 
207 
5lcLCL-105 
ns 


tpLAZ 
16 
F'SEJillow to address float 
10 
10 
ns 


Data Memory 


tRLRH 
17,18 
RU pulse width 
275 
6lcLCL-100 
ns 


tWLWH 
17,18 
WR pulse width 
275 
6lcLCL-100 
ns 


tRLDV 
17,18 
RU low to valid data in 
147 
5lcLCL-165 
ns 


tRHDX 
17,18 
Data hold after RU 
0 
0 
ns 


tRHDZ 
17,18 
Data float after RU 
65 
2lcLCL-60 
ns 


tLLDV 
17,18 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVDV 
17,18 
Address to valid data in 
397 
9lcLCL-165 
ns 


tLLWL 
17,18 
ALE low to RU or WR low 
137 
237 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
17,18 
Address valid to WR low or RU low 
122 
4lcLCL-130 
ns 


tevwx 
17,18 
Data valid to WR transition 
13 
lcLCL-50 
ns 


tWHOX 
17,18 
Data hold after WR 
13 
lcLCL-50 
ns 


teVWH 
18 
Data valid to WR high 
287 
7lcLCL-150 
ns 


tRLAZ 
17,18 
RU low to address float 
0 
0 
ns 


tWHLH 
17,18 
RU or WR high to ALE high 
23 
103 
lcLCL-40 
lcLCL+40 
ns 


External 
Clock 


tCHCX 
20 
High time 
20 
20 
ns 


teLCX 
20 
Low time 
20 
20 
ns 


teLCH 
20 
Rise time 
20 
20 
ns 


teHCL 
20 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
19 
Serial port clock cycle time 
750 
12tCLCL 
ns 


tOVXH 
19 
Output data setup to clock rising edge 
492 
10lcLCL-133 
ns 


tXHOX 
19 
Output data hold after clock rising edge 
8 
2lcLCL-117 
ns 


tXHDX 
19 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
19 
Clock rising edge to input data valid 
492 
10lcLCL-133 
ns 
NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and F'SEJil = 100pF, load capacitance for all other outputs = 80pF. 


3. 
Interfacing the 87C51 FAlFB to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 
4. 
See Application Note AN457. 


AC ELECTRICAL 
CHARACTERISTICS 
T 
b-O°Cto 
+70°C or-40°C 
to +85°C 
Vcc-5V±10% 
VSS=OV1,2,3 
am 
- 
- 


24MHzCLOCK 
VARIABLE 
CLOCK4 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lcLCL 
16 
Oscillator frequency 
3.5 
24 
MHz 
Speed versions 
: A, B (24M Hz) 
3.5 
24 


tLHLL 
16 
ALE pulse width 
43 
2lcLcL-40 
ns 


tAVLL 
16 
Address valid to ALE low 
17 
lcLCL-25 
ns 


tLLAX 
16 
Address hold after ALE low 
17 
lcLCL-25 
ns 


tLLlV 
16 
ALE low to valid instruction in 
102 
4lcLCL~5 
ns 


tLLPL 
16 
ALE low to 'F"SEN 
low 
17 
lcLCL-25 
ns 


tpLPH 
16 
'F"SEN 
pulse width 
80 
3lcLCL-45 
ns 


tpLiv 
16 
'F"SEN 
low to valid instruction in 
65 
3lcLCL~0 
ns 


tPXIX 
16 
Input instruction hold after 'F"SEN 
0 
0 
ns 


tPXIZ 
16 
Input instruction float after 'F"SEN 
17 
lcLCL-25 
ns 


tAVIV 
16 
Address to valid instruction in 
128 
5lcLCL-80 
ns 


tpLAZ 
16 
'F"SEN 
low to address float 
10 
10 
ns 


Data Memory 


tRLRH 
17,18 
'RU pulse width 
150 
6lcLCL-100 
ns 


tWLWH 
17,18 
WI'! pulse width 
150 
6lcLCL-100 
ns 


tRLDV 
17,18 
'RU low to valid data in 
118 
5lcLCL-90 
ns 


tRHDX 
17,18 
Data hold after 'RU 
0 
0 
ns 


tRHDZ 
17,18 
Data float after 'RU 
55 
2lcLCL-28 
ns 


tLLDV 
17,18 
ALE low to valid data in 
183 
8lcLCL-150 
ns 


tAvDV 
17,18 
Address to valid data in 
210 
9lcLCL-165 
ns 


tLLWL 
17,18 
ALE low to 'RU or WI'! low 
75 
175 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
17,18 
Address valid to WI'! low or 'RU low 
92 
4lcLcL-75 
ns 


tovwx 
17,18 
Data valid to WI'! transition 
12 
lcLCL-30 
ns 


tWHQX 
17,18 
Data hold after WI'! 
17 
lcLCL-25 
ns 


toVWH 
18 
Data valid to WI'! high 
162 
7lcLCL-130 
ns 


tRLAZ 
17,18 
'RU low to address float 
0 
0 
ns 


tWHLH 
17,18 
'RU or WI'! high to ALE high 
17 
67 
lcLCL-25 
lcLCL+25 
ns 


External 
Clock 


lcHcx 
20 
High time 
17 
17 
tCLCL-tCLCX 
ns 


tCLCX 
20 
Low time 
17 
17 
tCLCL-lcHcx 
ns 


lcLCH 
20 
Rise time 
5 
5 
ns 


lcHcL 
20 
Fall time 
5 
5 
ns 


Shift Register 


tXLXL 
19 
Serial port clock cycle time 
505 
12lcLcL 
ns 


toVXH 
19 
Output data setup to clock rising edge 
283 
10lcLCL-133 
ns 


tXHQX 
19 
Output data hold after clock rising edge 
3 
2lcLCL-80 
ns 


tXHDX 
19 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
19 
Clock rising edge to input data valid 
283 
1OlcLCL-133 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and 'F"SEN 
= 1OOpF,load capacitance for all other outputs = 80pF. 
3. 
Interfacing the 87C51 FA/FB to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 
4. 
Variable clock is specified for oscillator frequencies greater than 16MHz to 33MHz. For frequencies equal or less than 16MHz, see 16MHz 
"AC Electrial Characteristics", 
page 3-80. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The first character is always 


'I' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. The 
designations are: 
A - Address 
C - 
Clock 


D - 
Input data 
H - 
Logic level high 
I - 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 


P - J5Srn 
a - Output data 
R - 'Fmsignal 
t 
- 
Time 
V - 
Valid 
w- WRsignai 
X - 
No longer a valid logic level 
Z - 
Float 


Examples: tAVLl = Time for address valid to ALE low. 


!u.PL= Time for ALE low to J5Srn low. 


It.LWL 
IWLWH 


WR 


It.LAX 


IAVLL 
tavwx 


taVWH 


POATO 
DATAOUT 
A~A7 
FROM pel 
INSTR IN 


OUTPUT DATA, 
t 
WRITETO SBUF 


INPUT 
DATA,-' 


CLEAA AI 


VC~·5 
- - -- 
O.Nee 
O.45V 
O.2Ve~.1 


45 


40 


35 


30 


25 


ICernA 


20 


15 


10 


VC~5=X 
>C 


o 2VCc+O9 


045V 
.~0_2V_C_~ 
__ 1 
_ 


NOTE: 
AC inputs 
during 
testing 
are driven 
at Vce 
-{).5 
for a logic ',' 
and O.45V for a logic '0'. 


TIming measurements are made al VIH min for a logic ',' and Vil max for a logic '0'. 


TIMING 


REFERENCE 
POINTS 


NOTE, 


For timing 
purposes, 
a port is no longer 
floating 
when 
a lOOmV 
change 
from load voltage 
occurs, 
and begins 
to floal when 
a loamV 
change 
from the loaded ValVa. lever occurs. 
lot+'IOL ~ ±2OmA. 


Figure 23. lee vs. FREQ 


Valid only within frequency specifications 
of the device under test 


Figure 24. Icc Test Condition, 
Active Mode 
All other pins are disconnected 
Figure 25. Icc Test Condition, 
Idle Mode 


All other pins are disconnected 


VeC-<>·5 - - - - 


o·7Vee 
O.45V 
o.2VeC-<>.1 


Figure 26. Clock Signal Waveform 
for lec Tests in Active and Idle Modes 
lcLCH = lcHCL = 5ns 


Figure 27. lee Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vee = 2V to 5.5V 


EPROM CHARACTERISTICS 
The 87C51 FA/FB is programmed by using a modified Quick-Pulse 
Programming'" 
algorithm. It differs from older methods in the value 


used for Vpp (programming supply voltage) and in the width and 
number of the ALEIPROG pulses. 


The 87C51 FA/FB contains two signature bytes that can be read and 
used by an EPROM programming system to identify the device. The 
signature bytes identify the device as an 87C51 FA/FB manufactured 
by Philips. 


Table 3 shows the logic levels for reading the signature byte, and for 
programming the program memory, the encryption table, and the 
security bits. The circuit configuration and waveforms for qUick·pulse 
programming are shown in Figures 28 and 29. Rgure 30 shows the 
circuit configuration for normal program memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse programming is shown in 
Rgure 28. Note that the 87C51 FA/FB is running with a 3.5MHz to 
12MHz oscillator. The reason the oscillator needs to be running is 
that the device is executing internal address and program data 
transfers. 


The address of the EPROM location to be programmed is applied to 
ports 1 and 2, as shown in Figure 28. The code byte to be 
programmed into that location is applied to port O.RST, l"SEN 
and 


pins of ports 2 and 3 specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The ALEIPROG is pulsed 
low 15 to 25 times as shown in Figure 29. 


To program the encryption table, repeat the 15 to 25 pulse 
programming sequence for addresses 0 through 1FH, using the 
'Pgm Encryption Table' levels. Do not forget that after the encryption 
table is programmed, verification cycles will produce only encrypted 
data. 


To program the security bits, repeat the 15 to 25 pulse programming 
sequence using the 'Pgm Security Bit' levels. After one security bit is 
programmed, further programming of the code memory and 
encryption table is disabled. However, the other security bit can still 
be programmed. 


Note that the FAN pp pin must not be allowed to go above the 
maximum specified Vpp level for any amount of time. Even a narrow 
glitch above that voltage can cause permanent damage to the 
device. The Vpp source should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 
If security bit 2 has not been programmed, the on-chip program 
memory can be read out for program verification. The address of the 
program memory locations to be read is applied to ports 1 and 2 as 
shown in Figure 30. The other pins are held at the 'Verify Code Data' 
levels indicated in Table 3. The contents of the address location will 
be emitted on port O.External pull-ups are required on port 0 for this 
operation. 


If the encryption table has been programmed, the data presented at 
port 0 will be the exclusive NOR of the program byte with one of the 
encryption bytes. The user will have to know the encryption table 
contents in order to correctiy decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 
The signature bytes are read by the same procedure as a normal 
verification of locations 030H and 031 H, except that P3.6 and P3.7 
need to be pulled to a logic iow. The values are: 
(030H) = 
15H indicates manufactured by Philips 


(031H) = 
B1H indicates 87C51FA 
B2H indicates 87C51 FB 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the conditions listed in Table 3, and 
which satisfies the timing specifications, is suitable. 


Erasure 
Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have wavelengths 
in this 


range, exposure to these light sources over an eXlended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. For this and secondary 
effects, 
it is recommended 
that an opaque 
label be placed over the 
window. 
For elevated temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas part number 2345-5, 
or 


equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-s/cm2. 
Exposing the EPROM to an ultraviolet lamp of 12,OOOl-'W/cm2 
rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
l"SEN 
ALEIPROG 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O· 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 


Pgm security bit 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 


Pgm security bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


NOTES: 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. 
Vpp = 12.75V ±0.25V. 


3. 
Vcc = 5V±10% during programming and verification. 
ALEIF'ROG receives 15 to 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 50l-'s to l00I-'S and high 
for a minimum of lOl-'s. 


Vcc 


P' 
PO 


RST 
EJWpp 


P3.6 
ALEII'ROO 


P3.7 
87C51FAlFB 
I'SER 


XTAL2 
P2.7 


P2.6 


XTALl 
P2.0-P2.4 


VSS 


15 TO 25 PULSES -----------~.I 
c 


l 


, 
,o,.sMIN -1 1------ 
5O!J.s-100J.ts ----~·I 


Ol 
n 
n__ 


Vcc 


AD-A7 
P' 
PO 
PGM DATA 


RST 
EJWpp 


P3.6 
ALEII'ROO 


P3.7 
87C51FAlFB 
I'SER 


XTAL2 
P2.7 
o EW.BIT 


P2.6 


XTAl1 
P2.o--P2.4 
AB-A12 


VSS 


SU00031A 


Figure 30. Program Verification 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C to +27"C, vcc = 5V±10%. vss = OV (See Figure 31) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


lltCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup to J5ROG low 
4BteLCL 


IGHAX 
Address 
hold after J5ROG 
4BteLCL 


tDVGL 
Data setup to J5ROG low 
4BteLCL 


IGHDX 
Data hold after J5ROG 
4BteLCL 


tEHSH 
P2.7 (EmIB[E) high to Vpp 
4BteLCL 


tsHGL 
Vpp setup to J5ROG low 
10 
ItS 


IGHSL 
Vpp hold after J5ROG 
10 
~s 


IGLGH 
J5R0Gwidth 
50 
100 
~s 


tAVQV 
Address 
to data valid 
48teLCL 


tELQZ 
EmIB[E low to data valid 
48teLCL 


tEHQZ 
Data float after EmIB[E 
0 
48teLCL 


IGHGL 
J5ROG high to J5ROG low 
10 
~s 


NOTE: 


FORPROGRAMMINGVERIFICATIONSEEFIGURE28. 
FORVERIFICATIONCONDITIONSSEEFIGURE30. 


DESCRIPTION 
The 87C51 FC Single-Chip 8-Bit Microcontroller is manufactured in 
an advanced CMOS process and is a derivative of the 80C51 
microcontroller family. The 8XC51 FC has the same instruction set 
as the 80C51 . 


vcc 


Pll.OJADO 


PO.l/ADl 


Pll.21AD2 


PO.31A03 


Pll.4/AD4 


PO.51AD5 


PO.61AD6 


PO.7/AD7 


EJWpp 


P2.7/A15 


P2.61A14 


P2.51A13 


P2.4/A12 


P2.31Al1 


P2.2JA10 


P2.lIA9 


P2.OIAB 


SU00021 


This device provides architectural enhancements that make it 
applicable in a variety of applications for general control systems. 
The 87C51 FC contains 32k x 8 EPROM memory, a volatile 256 x 8 
read/write data memory, four 8-bill/0 
ports, three 16-bit timer/event 


counters, a Programmable Counter Array (PCA), a multi-source, 
four-priority-Ievel, 
nested interrupt structure, an enhanced UART 


and on-chip oscillator and timing circuits. For systems that require 
extra capability, the 8XC51 FC can be expanded using standard TIL 
compatible memories and logic. 


Its added features make it an even more powerful microcontroller for 
applications that require pulse width modulation, high-speed i/O and 
up/down counting capabilities such as motor control. It also has a 
more versatile serial channel that facilitates mUltiprocessor 
communications. 


See 83C51 FAl83C51 FB/83C51 FC/80C51 FA datasheet for ROM 
device specification. 


• 80C51 central processing unit 


• 32k x 8 EPROM expandable extemally to 64k bytes (87C51 FC) 


- 
Improved Quick Pulse programming algorithm 
- Three level program security system 
- 
64 byte encryption array 


• 256 x 8 RAM, expandable externally to 64k bytes 


• Three 16-bittimer/counters 


- 
T2 is an up/down counter 


• Programmable Counter Array (PCA) 


- 
High speed output 
- 
Capture/compare 
- 
Pulse Width Modulator 


- 
Watchdog Timer 


• Four 8-bitl/0 
ports 


• Full-duplex enhanced UART 


- 
Framing error detection 


- 
Automatic address recognition 


• Power control modes 


- 
Idle mode 


- 
Power-down mode 


• Once (On Circuit Emulation) Mode 


• Five package styles 


• OTP package available 


• Programmable clock out 


• 7 interrupt sources 


• 4 level priority 


EPROM1 
TEMPERATURE 
RANGE ·C AND PACKAGE 
FREQUENCY 
DRAWING 
NUMBER 


S87C51FG-4N40 
OTP 
o 10+70, 40-Pin Plaslic Dual In-line Package 
3.510 16MHz 
SOT129-1 


S87C51 FG-4F40 
UV 
010 +70, 40-Pin Ceramic Dual In-line Package wlWindow 
3.510 16MHz 
0590B 


S87C51FG-4A44 
OTP 
o 10+70, 44-Pin Plaslic Leaded Chip Carrier 
3.510 16MHz 
SOT187-2 


SB7C51 FG-4K44 
UV 
010 +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow 
3.510 16MHz 
1472A 


SB7C51 FG-4B44 
OTP 
010 +70, 44-Pin Plaslic Quad Flal Pack 
3.510 16MHz 
SOT307-2 


SB7C51FG-5N40 
OTP 
-40 10+B5, 40-Pin Plaslic Dual In-line Package 
3.5 1016MHz 
SOT129-1 


SB7C51FG-5F40 
UV 
-40 10+B5, 40-Pin Ceramic Dual In-line Package wlWindow 
3.510 16MHz 
0590B 


SB7C51FG-5A44 
OTP 
-40 10+85, 44-Pin Plasijc Leaded Chip Carrier 
3.510 16MHz 
SOT187-2 


SB7C51FG-5B44 
OTP 
-40 10+B5, 44-Pin Plaslic Quad Flal Pack 
3.510 16MHz 
SOT307-2 


NOTE: 
1. OTP = One Time Programmable 
EPROM. 
UV = Erasable EPROM. 


r------------- 
I 
I 


vcci 
--'-1 


vsslrl 
=1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


SFRs 


TIMERS 


P.C.A 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS MSB 
LSB 
VALUE 


ACC- 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


AUXR# 
Auxiliary 
8EH 
- 
- 
- 
- 
I 
- 
- 
- T 
AO 
xxxxxxxOB 


B- 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


CCAPOH# 
Module 0 Capture High 
FAH 
xxxxxxxxB 


CCAP1H# 
Module 1 Capture High 
FBH 
xxxxxxxxB 


CCAP2H# 
Module 2 Capture High 
FCH 
xxxxxxxxB 


CCAP3H# 
Module 3 Capture High 
FDH 
xxxxxxxxB 


CCAP4H# 
Module 4 Capture High 
FEH 
xxxxxxxxB 


CCAPOL# 
Module 0 Capture Low 
EAH 
xxxxxxxxB 


CCAP1L# 
Module 1 Capture Low 
EBH 
xxxxxxxxB 


CCAP2L# 
Module 2 Capture Low 
ECH 
xxxxxxxxB 


CCAP3L# 
Module 3 Capture Low 
EDH 
xxxxxxxxB 


CCAP4L# 
Module 4 Capture Low 
EEH 
xxxxxxxxB 


CCAPMO# 
Module 0 Mode 
DAH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM1# 
Module 1 Mode 
DBH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM2# 
Module 2 Mode 
DCH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM3# 
Module 3 Mode 
DDH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM4# 
Module 4 Mode 
DEH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


CCON*# 
PCA Counter Control 
D8H 
CF 
CR 
- 
CCF4 I CCF3 
CCF2 
CCF1 I CCFO 
OOxOOOOOB 


CH# 
PCA Counter High 
F9H 
OOH 
CL# 
PCA Counter Low 
E9H 
OOH 


CMOD# 
PCA Counter Mode 
D9H 
CIDL 
WDTE 
- 
- 
I 
- 
CPS1 
CPSO I 
ECF 
OOxxxOOOB 


DPTR: 
Data Pointer (2 bytes) 
DPH 
Data Pointer High 
83H 
OOH 
DPL 
Data Pointer Low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE- 
Interrupt Enable 
A8H 
EA 
EC 
I 
ET2 
ES T 
ET1 
EX1 
ETO T 
EXO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP- 
Interrupt Priority 
B8H 
- 
I 
PPC 
I 
PT2 
PS 
I 
PT1 
PX1 I 
PTO I 
PXO 
xOOOOOOOB 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


IPH# 
Interrupt Priority High 
B7H 
- 
I PPCH I PT2H I PSH I PT1H 
PX1H T PTOH T PXOH 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO- 
PortO 
80H 
AD7 I 
AD6 I 
AD5 I AD4 T 
AD3 
AD2 I AD1 
I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1- 
Port 1 
90H 
CEX4 I CEX3 I CEX2 I CEX1 I CEXO 
ECI I T2EX I 
T2 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2- 
Port 2 
AOH 
AD15 I AD14 I AD13 I AD12 1 AD11 
AD10 I AD9 
I 
AD8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3- 
Port 3 
BOH 
lmlWRI 
T1 
I 
TO I TI'JTf 
ll'lTOT TxD 1 
RxD 
FFH 


PCON# 
Power Control 
87H 
SMODl I SMODOI 
- 
I pOF2 I 
GF1 
GFO T 
PO T 
IOL 
OOxxOOOOB 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, 
SYMBOL, 
OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


07 
06 
05 
04 
03 
02 
01 
00 


PSW' 
Program Status Word 
OOH 
CY 
I 
AC 
I 
FO 
I RS1 I 
RSO I 
OV 
I - 
I 
P 
OOH 


RACAP2H# 
Timer 2 Capture High 
CBH 
OOH 
RACAP2L# 
Timer 2 Capture Low 
CAH 
OOH 


SADOR# 
Slave Address 
A9H 
OOH 
SAOEN# 
Slave Address Mask 
B9H 
OOH 


SBUF 
Serial Oata Buffer 
99H 
xxxxxxxxB 


9F 
9E 
90 
9C 
9B 
9A 
99 
98 


SCOW 
Serial Control 
98H 
SMO/FEI 
SM1 I SM2 I REN I 
TB8 
I RB8 I 
TI 
I 
RI 
OOH 


SP 
Stack Pointer 
81H 
07H 


8F 
8E 
80 
8C 
8B 
8A 
89 
88 


TCOW 
Timer Control 
88H 
TF1 
I 
TR1 I TFO I TRO I 
IE1 
I 
IT1 
I 
IEO I 
ITO 
OOH 


CF 
CE 
CO 
CC 
CB 
CA 
C9 
C8 


T2COW 
Timer 2 Control 
C8H 
TF2 
I EXF2 I RCLK I TCLK I EXEN2 I TR2 I Cm 
ICP/Ra 
OOH 


T2MOD# 
Timer 2 Mode Control 
C9H 
- 
I 
- 
I - 
I 
- 
I 
- 
I 
- 
IT20E3 I OCEN 
xxxxxxOOB 


THO 
Timer High 0 
8CH 
OOH 
TH1 
Timer High 1 
80H 
OOH 
TH2# 
Timer High 2 
COH 
OOH 
TLO 
Timer Low 0 
8AH 
OOH 
TL1 
Timer Low 1 
8BH 
OOH 
TL2# 
Timer Low 2 
CCH 
OOH 


TMOO 
Timer Mode 
89H 
GATE I 
CIT 
I 
M1 
I 
MO I GATE I 
CIT 
I 
M1 
I 
MO 
OOH 
SFRs are bit addressable. 
# 
SFRs are modified from or added to the 80C51 SFRs. 
1. Reset value depends on reset source. 
2. 
Bit will not be affected by Reset. 


3. T20E-see 
Programmable Clock-Out. 


CERAMIC 
AND PLASTIC 
LEADED 
CHIP CARRIER 
PIN FUNCTIONS 


PLASTIC 
QUAD 
FLAT PACK 
PIN FUNCTIONS 


17 
29 
11 
23 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Funetlon 
, 
NC' 
16 
P3.4fT0 
31 
P2.7/A15 
1 
Pl.5ICEX2 
16 
vss 
31 
PO.BlADe 
2 
P1.0IT2 
17 
P3.5IT1 
32 
!'SEll 
2 
P1.8ICEX3 
17 
NC' 
32 
PO.SlAD5 
3 
P1.11T2EX 
'8 
P3.8IWR 
33 
ALEII'RUG 
3 
P1.71CEX4 
'8 
P2.OIAB 
33 
PO.41AD4 
4 
Pl.2lECI 
'9 
P3.7/RO 
34 
NC' 
4 
RST 
'9 
P2.1/A9 
34 
PO.31AD3 
5 
P1.3ICEXO 
20 
XTAl2 
35 
u.Npp 
5 
P3.OIRxD 
20 
P2.21A,0 
35 
PO.21AD2 
6 
Pl.4/CEXl 
21 
XTAll 
36 
PO.l/AD? 
6 
NC' 
21 
P2.31A11 
36 
PO.l/AD1 
7 
P1.5ICEX2 
22 
vss 
37 
PO.BlADe 
7 
P3.1rrxD 
22 
P2.4JA12 
37 
PO.OIAOO 
8 
P1.8ICEX3 
23 
NC' 
38 
PO.SlAD5 
8 
P3.2IIl'IT1l 
23 
P2.51A13 
38 
vcc 
9 
Pl.7/CEX4 
24 
P2.OIA8 
39 
PO.41AD4 
P3.3IIIm" 
24 
P2.BlA14 
39 
NC' 
40 
PO.31AD3 
9 
10 
RST 
25 
P2.1IA9 
25 
P2.7/A15 
40 
P1.0IT2 
4' 
PO.21AD2 
'0 
P3.4fT0 
11 
P3.OIRxO 
26 
P2.21A10 
11 
P3.5IT1 
26 
!'SEll 
4' 
Pl.l1T2EX 
12 
NC' 
27 
P2.3IA11 
42 
PO.1/AD1 
P3.8IWR 
ALEII'RUG 
42 
P1.2lECI 
'2 
27 
13 
P3.11TxD 
28 
P2.41A12 
43 
PO.OIADO 
P3.7/RO 
43 
P1.3ICEXO 
'3 
28 
NC' 
'4 
P3.2IIl'IT1l 
29 
P2.51A13 
44 
vcc 
u.Npp 
44 
P1.4ICEX1 
'4 
XTAl2 
29 
15 
P3'3IIIm" 
30 
P2.BlA14 
'5 
XTAl1 
30 
PO.l/AD7 


• DONOTCONNECT 
SU00023 
• DONOTCONNECT 
SU00024 


PIN DESCRIPTIONS 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME 
AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
38 
I 
Power 
Supply: 
This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.Q-O.7 
39--32 
43-36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, 
bidirectional 
I/O port. Port 0 pins that have 1s written 
to 
them float and can be used as high-impedance 
inputs. 
Port 0 is also the multiplexed 


low-order 
address 
and data bus during accesses 
to extemal 
program 
and data memory. 
In 
this application, 
it uses strong internal 
pull-ups 
when emitting 
1s. Port 0 also outputs 
the 
code bytes during program 
verification 
and receives 
code bytes during EPROM 
programming. 
Extemal 
pull-ups 
are required 
during program 
verification. 


P1.Q-P1.7 
1-8 
2-9 
40-44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional 
I/O port with internal 
pull-ups. 
Port 1 pins that have 1s 
1-3 
written to them are pulled high by the intemal 
pull·ups 
and can be used as inputs. As inputs, 
port 1 pins that are externally 
pulled low will source current 
because 
of the internal 
pull-ups. 
{See DC Electrical 
Characteristics: 
IILl. Port 1 also receives 
the low-order 
address 
byte 


during program 
memory 
verification. 
Alternate 
functions 
include: 


1 
2 
40 
I 
T2 (P1.0): 
Timer/Counter 
2 extemal 
count input. (See Programmable 
Clock-Out.) 


2 
3 
41 
I 
T2EX (P1.1): 
Timer/Counter 
2 Aeload/Capture/Direction 
Control 
3 
4 
42 
I 
ECI (P1.2): 
Extemal 
Clock Input to the PCA 


4 
5 
43 
I/O 
CEXO (P1.3): 
Capture/Compare 
External 
I/O for PCA module 
0 
5 
6 
44 
I/O 
CEX1 (P1.4): 
Capture/Compare 
Extemall/O 
for PCA module 
1 


6 
7 
1 
I/O 
CEX2 (P1.5): 
Capture/Compare 
Extemall/O 
for PCA module 
2 
7 
8 
2 
I/O 
CEX3 (P1.6): 
Capture/Compare 
Extemall/O 
for PCA module 
3 
8 
9 
3 
I/O 
CEX4 (P1.7): 
Capture/Compare 
Extemall/O 
for PCA module 
4 


P2.Q-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional 
I/O port with internal 
pull-ups. 
Port 2 pins that have 1s 
written 
to them are pulled high by the intemal 
pull·ups 
and can be used as inpU1s. As inputs, 


port 2 pins that are extemally 
being pulled low will source current 
because 
of the internal 
pull-ups. 
{See DC Electrical 
Characteristics: 
IILl. Port 2 emits the high-order 
address 
byte 
during fetches from external 
program 
memory 
and during accesses 
to extemal 
data memory 
that use 16-bit addresses 
(MOVX 
@DPTA). 
In this application, 
it uses strong internal 


pull-ups 
when emitting 
1s. During accesses 
to extemal 
data memory 
that use 8-bit 


addresses 
(MOV 
@Ai), port 2 emits the contents 
of the P2 speciallunction 
register. 
Some 


Port 2 pins receive the high order address 
bits during EPAOM 
programming 
and verification. 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


P3.o-P3.7 
10-17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s 


13-19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs. 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: 
IILl. Port 3 also serves the special features of the 80C51 
family, as listed below: 
10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
INTO (P3.2): External interrupt 


13 
15 
9 
I 
rnTl (P3.3): External interrupt 
14 
16 
10 
I 
TO (P3.4): Timer 0 external input 
15 
17 
11 
I 
T1 (P3.5): Timer 1 external input 


16 
18 
12 
0 
WR (P3.6): External data memory write strobe 


17 
19 
13 
0 
AD (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running. resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vcc. 


ALEIPROG 
30 
33 
27 
I/O 
Address 
Latch Enable/Program 
Pulse: Output pulse for latching the low byte of the 


address during an access to extemal memory. In normal operation. ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (PROG) during EPROM programming. ALE can be disabled by 
setting SFR auxiliary.O. With this bit set, ALE will be active only during a MOVX instruction. 


J5SEfJ 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to external PpoHENmmemory. When the 8XC51 FC 


is executing code from the extep~E'Nogram 
memory. 
is activated twice each 


machine cycle. except that two 
activations are skipped during each access to 


external data memory. J5SEfJ is not activated during fetches from internal program memory. 


r;]i,Npp 
31 
35 
29 
I 
External 
Access 
Enable/Programming 
Supply Voltage: EA must be externally held low 


to enable the device to fetch code from external program memory locations OOOOHand 
7FFFH. If EA is held high. the device executes from internal program memory unless the 
program counter contains an address greater than 7FFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. 
If security bit 1 is 


programmed, EA will be internally latched on Reset. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid "latch-up" effect at power-on. the voltage on any pin at any time must not be higher than Vcc + 0.5V or Vss - 0.5V. respectively. 


TIMER 2 
This is a 16-bit up or down counter, which can be operated as either 
a timer or event counter. It can be operated in one of three different 
modes (autoreload, capture or as the baud rate generator for the 
UART). 


In the autoreload mode the Timer can be set to count up or down by 
setting or clearing the bit DCEN in the T2CON Special Function 
Register. The SFR's RCAP2H and RCAP2L are used to reload the 
Timer upon overflow or a l-to-O transition on the T2EX input (Pl.l). 


In the Capture mode Timer 2 can either set TF2 and generate an 
interrupt or capture its value. To capture Timer 2 in response to a 
Ho-O transition on the T2EX input, the EXEN2 bit in the T2CON 
must be set. Timer 2 is then captured in SFR's RCAP2H and 
RCAP2L. 


As the baud rate generator, Timer 2 is selected by setting TCLK 
and/or RCLK in T2CON. As the baud rate generator Timer 2 is 
incremented at 1/2the oscillator frequency. 


POWER 
OFF FLAG 
The Power Off Flag (POF) is set by on-chip circuitry when the Vcc 
level on the 8XC51 FC rises from 0 to 5V. The POF bit can be set or 
cleared by software allowing a user to determine if the reset is the 
result of a power-on or a warm start after powerdown. The Vcc level 
must remain above 3V for the POF to remain unaffected by the Vcc 
level. 


OSCILLATOR 
CHARACTERISTICS 


XTAL 1 and XTAL2 are the input and output, respectively, of an 
inverting amplifier. The pins can be configured for use as an on-chip 
oscillator. 


To drive the device from an external clock source, XTAL 1 should be 
driven while XTAL2 is left unconnected. There are no requirements 
on the duty cycle of the external clock signal, because the input to 
the internal clock circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and low times specified in 
the data sheet must be observed. 


Reset 
A reset is accomplished 
by holding the RST pin high for at least two 


machine cycles (24 oscillator periods), while the oscillator is running. 
To insure a good power-on reset, the RST pin must be high long 
enough to allow the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At power-on, the voltage on 
Vcc and RST must come up at the same time for a proper start-up. 
Ports 1, 2, and 3 will asynchronously 
be driven to their reset 


condition when a voltage above VIHl is applied to RESET. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep while all of the on-chip 
peripherals stay active. The instruction to invoke the idle mode is the 
last instruction executed in the normal operating mode before the 
idle mode is activated. The CPU contents, the on-chip RAM, and all 
of the special function registers remain intact during this mode. The 
idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the interrupt service routine 
and continued), or by a hardware reset which starts the processor In 
the same manner as a power-on reset. 


Power-Down 
Mode 


To save even more power, a Power Down mode can be invoked by 
software. In this mode, the oscillator is stopped and the instruction 
that invoked Power Down is the last instruction executed. The 
on-chip RAM and Special Function Registers retain their values until 
the Power Down mode is terminated. 


On the 8XC51 FC either a hardware reset or external interrupt can 
use an exit from Power Down. Reset redefines all the SFRs but 
does not change the on-chip RAM. An external interrupt allows both 
the SFRs and the on-chip RAM to retain their values. 


To properly terminate Power Down the reset or external interrupt 
should not be executed before Vcc is restored to its normal 
operating level and must be held active long enough for the 
oscillator to restart and stabilize (normally less than 10ms). 


With an external interrupt, INTO and INT1 must be enabled and 
configured as level-sensitive. 
Holding the pin low restarts the 


oscillator but bringing the pin back high completes the exit. Once the 
interrupt is serviced, the next instruction to be executed after RETI 
will be the one following the instruction that put the device into 
Power Down. 


Design 
Consideration 
• When the idle mode is terminated by a hardware reset, the device 
normally resumes program execution, from where it left off, up to 
two machine cycles before the internal rest algorithm takes 
control. On-chip hardware inhibits access to internal RAM in this 
event, but access to the port pins is not inhibited. To eliminate the 
possibility of an unexpected write when Idle is terminated by reset, 
the instruction following the one that invokes Idle should not be 
one that writes to a port pin or to external memory. 


• The windowed parts must be covered with an opaque label to 


assure proper chip operation. 


ONCET'" Mode 
The ONCE ("On-Circuit Emulation") Mode facilitates testing and 
debugging of systems using the 8XC51 FC without the 8XC51 FC 
having to be removed from the circuit. The ONCE Mode is invoked 
by: 
1. Pull ALE low while the device is in reset and !'SEiI 
is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 0 pins go into a float 
state, and the other port pins and ALE and!'SEil 
are weakly pulled 
high. The oscillator circuit remains active. While the 8XC51 FC is in 
this mode, an emulator or test CPU can be used to drive the circuit. 
Normal operation is restored when a normal reset is applied. 


Programmable 
Clock-Out 
The 8XC51 FC has a new feature. A 50% duty cycle clock can be 
programmed to come out on P1.0. This pin, besides being a regular 
I/O pin, has two alternate functions. It can be programmed (1) to 
input the external clock for Timer/Counter 2 or (2) to output a 50% 
duty cycle clock ranging from 61Hz to 4MHz at a 16MHz operating 
frequency. 


To configure the Timer/Counter 2 as a clock generator, bit CIT2 (in 
T2CON) must be cleared and bit T20E in T2MOD must be set. Bit 
TR2 (T2CON.2) also must be set to start the timer. 


The Clock-Out frequency depends on the oscillator frequency and 
the reload value of Timer 2 capture registers (RCAP2H, RCAP2L) 
as shown in this equation: 


OsciliatorF requency 
4 x (65536 - 
RCAP2H, RCAP2L) 


In the Clock-Out mode Timer 2 roll-overs will not generate an 
interrupt. This is similar to when it is used as a baud-rate generator. 
It is possible to use Timer 2 as a baud-rate generator and a clock 
generator simultaneously. Note, however, that the baud-rate and the 
Clock-Out frequency will be the same. 


PROGRAM 


MODE 
MEMORY 
ALE 
l5SEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


Programmable 
Counter 
Array (PCA) 
The Programmable Counter Array is a special TImer that has five 
16-bit capture/compare 
modules associated with it. Each of the 
modules can be programmed to operate in one of four modes: rising 
and/or falling edge capture, software timer, high-speed output, or 
pulse width modulator. Each module has a pin associated with it in 
port 1. Module 0 is connected to P1.3{CEXO), module 1 to 
P1.4(CEX1), etc. The basic PCA configuration is shown in Figure 1. 


The PCA timer is a common time base for all five modules and can 
be programmed to run at: 1/12 the oscillator frequency, 1/4 the 
oscillator frequency, the TImer 0 overflow, or the input on the ECI pin 
(P1.2). The timer count source is determined from the CPS1 and 
CPSO bits in the CMOD SFR as follows (see Figure 4): 


CPS1 
CPSO PCA Timer Count Source 
o 
0 
1/12 oscillator frequency 


o 
1 
1/4 oscillator frequency 
1 
0 
TImer 0 overflow 
1 
1 
External Input at ECI pin 


In the CMOD SFR are three additional bits associated with the PCA. 
They are CIDl which allows the PCA to stop during idle mode, 
WDTE which enables or disables the watchdog function on module 
4, and ECF which when set causes an interrupt and the PCA 
overflow flag CF (in the CCON SFR) to be set when the PCA timer 
overflows. These functions are shown in Figure 2. 


The watchdog timer function is implemented in module 4 (see Figure 
14). 


The CCON SFR contains the run control bit for the PCA and the 
flags for the PCA timer (CF) and each module (refer to Figure 5). To 
run the PCA the CR bit (CCON.6) must be set by software. The 
PCA is shut off by clearing this bit. The CF bit (CCON.7) is set when 
the PCA counter overflows and an interrupt will be generated if the 
ECF bit in the CMOD register is set, The CF bit can only be cleared 
by software. Bits 0 through 4 of the CCON register are the IIags for 
the modules (bit 0 for module 0, bit 1 for module 1, etc.) and are set 
by hardware when either a match or a capture occurs. These IIags 
also can only be cleared by software. The PCA interrupt system 
shown in Figure 3. 


Each module in the PCA has a special function register associated 
with it. These registers are: CCAPMO for module 0, CCAPM1 for 
module 1, etc. (see Figure 6). The registers contain the bits that 
control the mode that each module will operate in. The ECCF bit 
(CCAPMn.O where n=O, 1,2, 3, or 4 depending on the module) 
enables the CCF IIag in the CCON SFR to generate an interrupt 


MOOULE 
FUNCTIONS: 


16-BIT 
CAPTURE 
16-BITTlMER 
16-BIT 
HIGH 
SPEED 
OUTPUT 
B-BITPWM 
WATCHDOG 
TIMER 
(MODULE 
4 ONLY) 


when a match or compare occurs in the associated module. PWM 
(CCAPMn.1) enables the pulse width modulation mode. The TOG 
bit (CCAPMn.2) when set causes the CEX output associated with 
the module to toggle when there is a match between the PCA 
counter and the module's capture/compare 
register. The match bit 


MAT (CCAPMn.3) when set will cause the CCFn bit in the CCON 
register to be set when there is a match between the PCA counter 
and the module's capture/compare 
register. 


The next two bits CAPN (CCAPMn.4) and CAPP (CCAPMn.5) 
determine the edge that a capture input will be active on. The CAPN 
bit enables the negative edge, and the CAPP bit enables the 
positive edge. If both bits are set both edges will be enabled and a 
capture will occur for either transition. The last bit in the register 
ECOM (CCAPMn.6) when set enables the comparator function. 
Figure 7 shows the CCAPMn settings for the various PCA functions. 


There are two additional registers associated with each of the PCA 
modules. They are CCAPnH and CCAPnl 
and these are the 


registers that store the 16-bit count when a capture occurs or a 
compare should occur. When a module is used in the PWM mode 
these registers are used to control the duty cycle of the output. 


PCA Capture 
Mode 
To use one of the PCA modules in the capture mode either one or 
both of the CCAPM bits CAPN and CAPP for that module must be 
set. The external CEX input for the module (on port 1) is sampled for 
a transition. When a valid transition occurs the PCA hardware loads 
the value of the PCA counter registers (CH and Cl) into the 
module's capture registers (CCAPnl 
and CCAPnH). If the CCFn bit 


for the module in the CCON SFR and the ECCFn bit in the CCAPMn 
SFR are set then an interrupt will be generated. Refer to Figure 10. 


16-bit Software 
Timer Mode 
The PCA modules can be used as software timers by selling both 
the ECOM and MAT bits in the modules CCAPMn register. The PCA 
timer will be compared to the module's capture registers and when a 
match occurs an interrupt will occur if the CCFn (CCON SFR) and 
the ECCFn (CCAPMn SFR) bits for the module are both set (see 
Figure 11). 


High Speed Output 
Mode 
In this mode the CEX output (on port 1) associated with the PCA 
module will toggle each time a match occurs between the PCA 
counter and the module's capture registers. To activate this mode 
the TOG, MAT, and ECOM bits in the module's CCAPMn SFR must 
be set (see Figure 12). 


~.....oo... 
........ 
0.1.. .. 


............ 
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~1jE;l 
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TO 
INTERRUPT 
PRIORITY 
DECODER 


CMOD.O~ 
CCAPMn.O I~~~Fn 
I 


CPS1 


cpsa 


Bit Addressable -------- 


I 
CIDL 
I_W_D_T_E 
_ 
CPS1 


2 


Counter Idle control: CIOL = a programs the PCA Counter to continue functioning during idle Mode. CIOL = 1 programs 
it to be gated off during idle. 


Watchdog Timer Enable: WOTE = a disables Watchdog Timer function on PCA Module 4. WOTE = 1 enables it. 


Not implemented, reserved for future use: 


PCA Count Pulse Select bit1. 


PCA Count Pulse Select bit a. 
CPS1 
cpsa 
Selected 
PCA Input" 
a 
a 
a 
Internal clock, fose + 12 
all 
Internal clock, fose + 4 


1 
a 
2 
Timer a overflow 


1 
1 
3 
External clock at ECI/P1.2 pin (max. rate = fose + B) 


PCA Enable Counter Overflow interrupt: ECF = 1 enables CF bit in CCON to generate an interrupt. ECF = a disables 
that function of CF. 


NOTE: 
• 
User software should not write 15to reserved bits. These bits may be used in future 8051 family products to invoke new features. In that case, the reset or inactive value of the 
new bit wilt be 0, and its active value will be 1. The value read from a reserved bit is indeterminate. 


•• 
fose = oscillatOf 
frequency 


Symbol 


CF 


CCF4 


CCF3 


CCF2 


CCF1 


CCFa 


Bit Addressable 


I 
CF 
I~~~C~R~~~~~~~~~~~-C_ -C_ 
-F_4= 
CCF3 


3 


CCF2 


2 


Function 


PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an interrupt if bit ECF in CMOO is 
set. CF may be set by either hardware or software but can only be cleared by software. 


PCA Counter Run control bit. Set by software to turn the PCA counter on. Must be cleared by software to turn the PCA 
counter off. 


Not implemented, reserved for future use'. 


PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 3 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module a interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


NOTE: 
User software 
should 
not write 
15 to reserved 
bits. These 
bits may be used in future 8051 family 
products 
to invoke 
new features. 
In that case, 
the reset or inactive 
value 
of the 
new bit will be 0, and its active 
value 
will be 1. The value 
read from a reserved 
bit is indeterminate. 


CCAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 


ODAH 
ODSH 
ODCH 
ODDH 
ODEH 


Not Sit Addressable 


I 
I ECOMn 
CAPPn 
CAPNn 
TOGn 


2 


ECCFn 


o 


Function 


Not implemented, reserved for tuture use'. 


Enable Comparator. ECOMn = 1 enables the comparator function. 


Capture Positive, CAPPn = 1 enables positive edge capture. 


Capture Negative, CAPNn = 1 enables negative edge capture. 


Match. When MATn = 1, a match of the PCA counter with this module's compare/capture 
register causes the CCFn bit 


in CCON to be set, flagging an interrupt. 


Toggle. When TOGn = 1, a match of the PCA counter with this module's compare/capture 
register causes the CEXn 


pin to toggle. 
Pulse Width Modulation Mode. PWMn = 1 enables the CEXn pin to be used as a pulse width modulated output. 


Enable CCF interrupt. Enables compare/capture 
flag CCFn in the CCON register to generate an interrupt. 


ECOMn 


CAPPn 


CAPNn 


MATn 


PWMn 


ECCFn 


NOTE: 
·User 
software 
should 
not write 
1510 reserved 
bits. These 
bits may be used in future 8051 family 
products 
to invoke 
new features. 
In that case, 
the reset or inactive 
value 
of the new 


bit will be 0, and its active 
value 
will be 1. The value 
read from a reserved 
bit is indeterminate. 


- 
ECOMn 
CAPPn 
CAPNn 
MATn 
TOGn 
PWMn 
ECCFn 
MODULE FUNCTION 


X 
0 
0 
0 
0 
0 
0 
0 
No operation 


X 
X 
1 
0 
0 
0 
0 
X 
16-bit capture by a positive-edge trigger on CEXn 


X 
X 
0 
1 
0 
0 
0 
X 
16-bit capture by a negative trigger on CEXn 


X 
X 
1 
1 
0 
0 
0 
X 
16-bit capture by a transition on CEXn 


X 
1 
0 
0 
1 
0 
0 
X 
16-bit Software Timer 


X 
1 
0 
0 
1 
1 
0 
X 
16-bit High Speed Output 


X 
1 
0 
0 
0 
0 
1 
0 
8-bitPWM 


X 
1 
a 
0 
1 
X 
a 
X 
Watchdog Timer 


Pulse Width Modulator 
Mode 
All of the PCA modules can be used as PWM outputs. Figure 13 
shows the PWM function. The frequency of the output depends on 
the source for the PCA timer. All of the modules will have the same 
frequency of output because they all share the PCA timer. The duty 
cycle of each module is independently variable using the module's 
capture register CCAPLn. When the value of the PCA CL SFR is 
less than the value in the module's CCAPLn SFR the output will be 
low, when it is equal to or greater than the output will be high. When 
CL overflows from FF to 00, CCAPLn is reloaded with the value in 
CCAPHn. the allows updating the PWM without glitches. The PWM 
and ECOM bits in the module's CCAPMn register must be set to 
enable the PWM mode. 


Enhanced 
UART 
The UART operates in all of the usual modes that are described in 
the first section of this book for the 80C51. In addition the UART can 
perform framing error detect by looking for missing stop bits, and 
automatic address recognition. The 8XC51 FC UART also fully 
supports multiprocessor communication as does the standard 
80C51 UART. 


When used for framing error detect the UART looks for missing stop 
bits in the communication. 
A missing bit will set the FE bit in the 


SCON register. The FE bit shares the SCON.? bit with SMO and the 
function of SCON.? is determined by PCON.6 (SMODO) (see Figure 
15). If SMODO is set then SCON.? functions as FE. SCON.? 
functions as SMO when SMODO is cleared. When used as FE 
SCON.? can only be cleared by software. Refer to Figure 16. 


Automatic 
Address 
Recognition 
Automatic Address Recognition is a feature which allows the UART 
to recognize certain addresses in the serial bit stream by using 
hardware to make the comparisons. This feature saves a great deal 
of software overhead by eliminating the need for the software to 
examine every serial address which passes by the serial port. This 
feature is enabled by setting the SM2 bit in SCON. In the 9 bit UART 
modes, mode 2 and mode 3, the Receive Interrupt flag (RI) will be 
automatically set when the received by1e contains either the "Given" 
address or the "Broadcast" address. The 9 bit mode requires that 
the 9th information bit is a 1 to indicate that the received information 
is an address and not data. Automatic address recognition is shown 
in Figure 17. 


The 8 bit mode is called Mode 1. In this mode the RI flag will be set 
if SM2 is enabled and the information received has a valid stop bit 
following the 8 address bits and the information is either a Given or 
Broadcast address. 
' 


Mode 0 is the Shift Register mode and SM2 is ignored. 


Using the Automatic Address Recognition feature allows a master to 
selectively communicate with one or more slaves by invoking the 
Given slave address or addresses. All of the slaves may be 
contacted by using the Broadcast address. Two special Function 
Registers are used to define the slave's address, SADDR, and the 
address mask, SADEN. SADEN is used to define which bits in the 
SADDR are to b used and which bits are "don't care". The SADEN 
mask can be logically ANDed with the SADDR to create the "IGiven" 
address which the master will use for addressing each of the slaves. 
Use of the Given address allows multiple slaves to be recognized 
while excluding others. The following examples will help to show the 
versatility of this scheme: 


Slave 0 
SADDR 
SADEN 
Given 


1100 0000 
1111 1101 
1100 OOXO 


1100 0000 
ll1L.111.Q 
1100 OOOX 


SADDR 
SADEN 
Given 


In the above example SADDR is the same and the SADEN data is 
used to differentiate between the two slaves. Slave 0 requires a 0 in 
bit 0 and it ignores bit 1. Slave 1 requires a 0 in bit 1 and bit 0 is 
ignored. A unique address for Slave 0 would be 1100 0010 since 
siave 1 requires a 0 in bit 1. A unique address for slave 1 would be 
11000001 since a 1 in bit 0 will exclude slave o. Both slaves can be 
selected at the same time by an address which has bit 0 = 0 (for 
slave 0) and bit 1 = 0 (for slave 1). Thus, both could be addressed 
with 1100 0000. 


In a more complex system the following could be used to select 
slaves 1 and 2 while excluding slave 0: 


Slave 0 
SADDR 
1100 0000 


SADEN 
1111 1001 


Given 
1100 OXXO 


Slave 1 
SADDR 
1110 0000 


SADEN 
1111 1010 


Given 
1110 OXOX 


Slave 2 
SADDR 
1110 0000 


SADEN 
1111 1100 


Given 
1110 OOXX 


In the above example the differentiation among the 3 slaves is in the 
lower 3 address bits. Slave 0 requires that bit 0 = 0 and it can be 
uniquely addressed by 1110 0110. Slave 1 requires that bit 1 = 0 and 
it can be uniquely addressed by 1110 and 0101. Slave 2 requires 
that bit 2 = 0 and its unique address is 1110 0011. To select Slaves 0 
and 1 and exclude Slave 2 use address 11100100, since it is 
necessary t make bit 2 = 1 to exclude slave 2. 


The Broadcast Address for each slave is created by taking the 
logical OR of SADDR and SADEN. Zeros in this result are teated as 
don't-cares. 
In most cases, interpreting the don't-cares as ones, the 
broadcast address will be FF hexadecimal. 


Upon reset SADDR (SFR address OA9H) and SADEN (SFR 
address OB9H) are loaded with Os. This produces a given address 
of all "don't cares" as well as a Broadcast address of all "don't 
cares". this effectively disables the Automatic Addressing mode and 
allows the microcontroller to use standard 80C51 type UART drivers 
which do not make use of this feature. 


Reduced 
EMI Mode 
The AO bit (AUXR.O) in the AUXR register when set disables the 
ALE output. 


8XC51 FC Reduced 
EMI Mode 


AUXR (8EH) 
7 
6 


AO: 
Turns off ALE output. 


Interrupt 
Priority 
Structure 
The 8XC51 FC has a ?-source four-level interrupt structure. There 
are 3 SFRs associated with the interrupts on the 8XC51 FC. They 
are the IE and IP. (See Figures 8 and 9.) In addition, there is the IPH 
(Interrupt Priority High) register that makes the four-level interrupt 
structure possible. The IPH is located at SFR address B?H. The 
structure of the IPH register and a description of its bits is shown 
below: 


IPH (Interrupt 
Priority 
High) (B?H) 
76543 


I PPCH I PT2H I 
PSH I PT1H 
PX'H 


IPH.O 
PXOH 
Extemal interrupt 0 priority high 


IPH.1 
PTOH TImer 0 interrupt priority high 
IPH.2 
PX1H 
Extemal interrupt 1 priority high 


IPH.3 
PT1H 
TImer 1 interrupt priority high 
IPHA 
PSH 
Serial Port interrupt high 
IPH.5 
PT2H 
TImer 2 interrupt priority high 
IPH.6 
PPCH 
PCA interrupt priority high 
IPH.? 
Not implemented 


The priority scheme for servicing the interrupts is the same as that 
for the BOC5l , except there are four interrupt levels on the BXC5l FC 
rather than two as on the BOC5l. An interrupt will be serviced as 
long as an interrupt of equal or higher priority is not already being 
serviced. If an interrupt of equal or higher level priority is being 
serviced, the new interrupt will wait until it is finished before being 
serviced. If a lower priority level interrupt is being serviced, it will be 
stopped and the new interrupt serviced. When the new interrupt is 
finished, the lower priority level interrupt that was stopped will be 
completed. 


The function of the IPH SFR is simple and when combined with the 
IP SFR determines the priority of each interrupt. The priority of each 
interrupt is determined as shown in the following table: 


PRIORITY BITS 
INTERRUPT PRIORITY LEVEL 
IPH.x 
IP.x 


0 
0 
Level 0 (lowest priority) 


0 
1 
Levell 


1 
0 
Level 2 


1 
1 
Level 3 (highest priority) 


Enable Bit = 1 enables the interrupt. 
Enable Bit = 0 disables it. 


FUNCTION 
Global disable bit. If EA = 0, all interrupts are disabled. If EA = 1, each interrupt can be individually 
enabled or disabled by setting or clearing its enable bit. 
PCA interrupt enable bit. 
Timer 2 interrupt enable bit. 
Serial Port interrupt enable bit. 
Timer 1 interrupt enable bit. 
External interrupt 1 enable bit. 
Timer 0 interrupt enable bit. 
External interrupt 0 enable bit. 


FUNCTION 
Not implemented, reserved for future use. 
PCA interrupt priority bit. 
Timer 2 interrupt priority bit. 
Serial Port interrupt priority bit. 
Timer 1 interrupt priority bit. 
External interrupt 1 priority bit. 
Timer 0 interrupt priority bit. 
External interrupt 0 priority bit. 


SOURCE 
POLLING PRIORITY 
REQUEST BITS 
HARDWARE CLEAR? 
VECTOR ADDRESS 


XO 
1 
IEO 
N (l)1 
Y (T)2 
03H 


TO 
2 
TPO 
y 
OB 


X1 
3 
IE1 
N (l) 
Y (T) 
13 


T1 
4 
TF1 
Y 
18 


SP 
5 
R1. TI 
N 
23 


T2 
6 
TF2. EXF2 
N 
28 


PCA 
7 
CF. CCFn 
N 
33 


n=Q-4 


NOTES: 
1. L = Level activated 
2. 
T = Transition activated 


······l·············~ 


----~~~------~. 
PeA 
INTERRUPT 


...•........................ 
;::.=; . 


~ 
PCAINTERRUPT 


···I··········..············~······ 


~ 
PCAINTERRUPT 


SCON 
Address = 9SH 


Bit Addressable 
I SMO/FE I 
SM1 


Bit: 
7 
5 


(SMODO = 0/1)' 


REN 
TB8 


RB8 


Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit. 


Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO) 


Serial Port Mode Bit 1 
SMO 
SM1 
Mode 
Description 
Baud Rate" 


o 
0 
0 
shift register 
fose/12 
o 
1 
1 
8-bit UAAT 
variable 
1 
0 
2 
9-bit UAAT 
fose/54 or fose/32 


1 
1 
3 
9-bit UAAT 
variable 


Enables the Automatic Address Aecognition feature in Modes 2 or 3. If SM2 = 1 then AI will not be set unless the 
received 9th data bit (AB8) is 1, indicating an address, and the received by1e is a Given or Broadcast Address. 
In Mode 1, if SM2 = 1 then AI will not be activated unless a valid stop bit was received, and the received by1e is a 
Given or Broadcast Address. In Mode 0, SM2 should be O. 


Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 


In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = 0, ABS is the stop bit that was received. 
In Mode 0, AB8 is not used. 


Transmit interrupt flag. Set by hardware at the end of the 8th bit time In Mode 0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. Must be cleared by software. 


Aeceive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in 
the other modes, in any serial reception (except see SM2). Must be cleared by software. 


NOTE: 
·SMOOO 
is located at peON6. 


"'ose 
= oscillator frequency 


START 
DATABYTE 
ONLY IN 
STOP 


BIT 
MODE2. 3 
BIT 


IN UART 
MODE 
2 OR MODE 
3 AND 5M2 = 1: 


INTERRUPTIF REN=l. RB8=l AND "RECEIVEDADDRESS-= "PROGRAMMEDADDRESS- 


- WHEN OWN ADDRESS RECEIVED. CLEAR SM2 TO RECEIVE DATABYTES 
- WHEN 
All 
DATA BYTES 
HAVE BEEN 
RECEIVED: 
SeT 
5M2 
TO WAIT 
FOR 
NEXT 
ADDRESS. 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 or -40 to +85 
·C 


Storage temperature range 
-65 to +150 
·C 


Voltage on tAlVPP 
pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-<l.5 to +6.5 
V 


Maximum IOL per 1/0 pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not 
1.5 
W 
device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb~ O°Cto +70°C or -40°C to +B5°C, Vee = 5V ±10%, Vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


VIL 
Input low voltage, except EA 
-0.5 
0.2VeC-O·1 
V 


VIL1 
Input low voltage to EA 
0 
0.2VeC-O·3 
V 


VIH 
Input high voltage, except XTAL 1, RST 
0.2Vee+0.9 
Vee+0.5 
V 


VIHl 
Input high voltage, XTAL 1, RST 
0.7Vee 
Vee+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 38 
IOL= 1.6mA2 
0.45 
V 


VOLl 
Output low voltage, port 0, ALE, ~ 
IOL=3.2mA2 
0.45 
V 


VOH 
Output high voltage, ports 1, 2, 3 3 
IOH= -301tA 
Vee-0.7 
V 


VOHl 
Output high voltage (port 0 in external bus mode), 
IOH=-3.2mA 
Vee-0.7 
V 


ALE9, 15SEJiI3 


IlL 
Logical 0 input current, ports 1, 2, 3 
VIN = 0.45V 
-50 
ItA 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 36 
See note 4 
--650 
ItA 


III 
Input leakage current, port 0 
0.45 VIN < 
±10 
ItA 
Vee-0.3 


Ice 
Power supply current: 
See note 5 


Active mode @ 16MHz 
15 
32 
mA 


Idle mode @ 16MHz 
3 
10 
mA 
Power-down mode 
10 
100 
ItA 


RRST 
Internal reset pull-down resistor 
40 
225 
kQ 


CIO 
Pin capacitance10 (except EA) 
15 
pF 


NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
. 


2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed O.BV.In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 


3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and I'SElIl to momentarily fall below the 0.9Vee specification when the 
address bits are stabilizing. 
4. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 
5. 
See Figures 25 through 2B for Ice test conditions. 
6. This value applies to Tamb= O°C to +70°C. For Tamb= -40°C to +B5°C, ITL= -7501tA. 
7. 
Load capacitance for port 0, ALE, and I'SElIl = 100pF, load capacitance for all other outputs = BOpF. 
B. Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
15mA ('NOTE: This is B5°C specification.) 


Maximum IOLper B-bit port: 
26mA 


Maximum totallOL for all outputs: 
71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 
9. ALE is tested to VOH1,except when ALE is off then VOH is the voltage specification. 
10. Pin capacitance is characterized but not tested. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF 
(except EA is 25pF). 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C or-40°C 
to +85°C, VCC = 5V ±10%, Vss = OV1,2, 3 


16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lcLCL 
18 
Oscillator frequency 
-4 
-5 
3.5 
16 
MHz 


tLHLL 
18 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
18 
Address valid to ALE low 
22 
lcLCL-40 
ns 


tLLAX 
18 
Address hold after ALE low 
32 
lcLCL-30 
ns 


tLLlv 
18 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


tLLPL 
18 
ALE low to J5SEIiIlow 
32 
lcLCL-30 
ns 


tpLPH 
18 
J5SEIiIpulse width 
. 
142 
3lcLCL-45 
ns 


tPLlV4 
18 
J5SEIiIlow to valid instruction in 
82 
3lcLCL-105 
ns 


tPXIX 
18 
Input instruction hold after J5SEIiI 
0 
0 
ns 


tpXIZ 
18 
Input instruction float after J5SEIiI 
37 
lcLCL-25 
ns 


tAVIV 
18 
Address to valid instruction in 
207 
5lcLCL-105 
ns 


tpLAZ 
18 
J5SEIiIlow to address float 
10 
10 
ns 


Data Memory 


tRLRH 
19,20 
Rl:i pulse width 
275 
6lcLCL-100 
ns 


tWLWH 
19,20 
WR pulse width 
275 
6lcLCL-100 
ns 


tRLOV 
19,20 
Rl:i low to valid data in 
147 
5lcLCL-165 
ns 


tRHDX 
19,20 
Data hold after Rl:i 
0 
0 
ns 


tRHDZ 
19,20 
Data float after Rl:i 
65 
2teLCL-60 
ns 


tLLDV 
19,20 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVDV 
19,20 
Address to valid data in 
397 
9lcLCL-165 
ns 


tLLWL 
19,20 
ALE low to Rl:i or WR low 
137 
237 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
19,20 
Address valid to WR low or Rl:i low 
175 
4lcLCL-130 
ns 


tovwx 
19,20 
Data valid to WR transition 
42 
lcLCL-50 
ns 


tWHQX 
19,20 
Data hold after WR 
42 
lcLCL-50 
ns 


toVWH 
20 
Data valid to WR high 
287 
7lcLCL-150 
ns 


tRLAZ 
19,20 
Rl:i low to address float 
0 
0 
ns 


tWHLH 
19,20 
Rl:i or WR high to ALE high 
40 
87 
lcLCL-40 
lcLCL+40 
ns 


External Clock 


tCHCX 
22 
High time 
12 
20 
ns 


lcLCX 
22 
Low time 
12 
20 
ns 


tCLCH 
22 
Rise time 
. 
20 
20 
ns 


tCHCL 
22 
Fall time 
20 
.. 
20 
ns 


Shift Register 


tXLXL 
21 
Serial port clock cycle time 
1 
12lcLCL 
Its 


toVXH 
21 
Output data setup to clock rising edge 
492 
1OlcLCL-133 
ns 


tXHQX 
21 
Output data hold after clock rising edge 
8 
2lcLCL-117 
ns 


tXHDX 
21 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
21 
Clock rising edge to input data valid 
492 
1OlcLCL-133 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and J5SEIiI= 100pF, load capacitance for all other outputs = 80pF. 
3. 
Interfacing the 8XC51 FC to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 
4. 
See application note AN457. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The first character is always 


'I' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. The 
designations are: 
A - Address 
C - 
Clock 
D - 
Input data 
H - 
Logic level high 
I - 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 


P - J5SEN 


Q - 
Output data 
R - RDsignal 
t 
- Time 


V - 
Valid 


W- 
WRsignal 
X - 
No longer a valid logic level 


Z - 
Float 
Examples: 
tAvLL= Time for address valid to ALE low. 
tLLPL =Time for ALE low to J5SEN low. 


-I 


tRLRH 


t 
WAITE 
TO SBUF 


INPUT 
DATA 
'--t' 


CLEAA 
AI 


VcC-O·5 


O.45V 


VCC-0 


5=>( 
>C 
o 2VCC+O9 


o 45V 
._O_2_V_C_C_-<J_l 
~ 


NOTE: 
AC inputs 
during 
testing 
are driven 
at Vcc 
-0.5 
for a logic '" 
and O.45V for a logic 'a', 
Timing 
measurements 
are made 
at VIH min for a logic '1' and VIL max for a logic '0'. 


TlMING 


REFERENCE 


POINTS 


NOTE: 
For timing 
purposes, 
a port is no longer 
floating 
when 
a l00rnV 
change 
from 
load voltage 
occurs, 
and begins 
to float when 
a l00mV 
change 
from the loaded 
V(')H!VOllevel 
occurs. 
101+'101..O!:±20mA. 


Figure 25. Icc Test Condition, 
Active Mode 


All other pins are disconnected 
Figure 26. Icc Test Condition, 
Idle Mode 


All other pins are disconnected 


veC-O·5 
- 
- 
- 
- 
o·7Vec 


O.45V 
o.2VeC-O.1 


Figure 27. Clock Signal Waveform 
for Icc Tests In Active and Idle Modes 


teLCH = teHCL = 5ns 


Figure 28. Icc Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 5.5V 


EPROM CHARACTERISTICS 
The 87C51 FC is programmed by using a modified Improved 
Quick-Pulse ProgrammingT" 
algorithm. It differs from older methods 


in the value used for Vpp (programming supply voltage) and in the 
width and number of the ALEII'ROO 
pulses. 


The 87C51 FC contains two signature bytes that can be read and 
used by an EPROM programming system to identify the device. The 
signature bytes identify the device as an 87C51 FC manufactured by 
Philips. 


Table 4 shows the logic levels for reading the signature byte, and for 
programming the program memory, the encryption table, and the 
security bits. The circuit configuration and waveforms for quick-pulse 
programming are shown in Figures 29 and 30. Figure 31 shows the 
circuit configuration for normal program memory verification. 


Quick-Pulse 
Programming 


The setup for microcontroller quick-pulse programming is shown in 
Figure 29. Note that the 87C51 FC is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to be running is that the 
device is executing internal address and program data transfers. 


The address of the EPROM location to be programmed is applied to 
ports 1 and 2, as shown in Figure 29. The code byte to be 
programmed into that location is applied to port O. RST, PSEI\I and 
pins of ports 2 and 3 specified in Table 4 are held at the 'Program 
Code Data' levels indicated in Table 4. The ALEII'ROO 
is pulsed 


low 5 times as shown in Figure 30. 


To program the encryption table, repeat the 25 pulse programming 
sequence for addresses 0 through 1FH, using the 'Pgm Encryption 
Table' levels. Do not forget that after the encryption table is 
programmed, verification cycles will produce only encrypted data. 


To program the security bits, repeat the 25 pulse programming 
sequence using the 'Pgm Security Bit' levels. After one security bit is 
programmed, further programming of the code memory and 
encryption table is disabled. However, the other security bit can still 
be programmed. 


Note that the F:ANpp pin must not be allowed to go above the 
maximum specified Vpp level for any amount of time. Even a narrow 
glitch above that voltage can cause permanent damage to the 
device. The Vpp source should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 
If security bits 2 and 3 have not been programmed, the on-chip 
program memory can be read out for program verification. The 
address of the program memory locations to be read is applied to 
ports 1 and 2 as shown in Figure 31. The other pins are held at the 
'Verify Code Data' levels indicated in Table 4. The contents of the 
address location will be emitted on port O. External pull-ups are 
required on port 0 for this operation. 


If the 64 byte encryption table has been programmed, the data 
presented at port 0 will be the exclusive NOR of the program byte 
with one of the encryption bytes. The user will have to know the 
encryption table contents in order to correctly decode the verification 
data. The encryption table itself cannot be read out. 


Reading the Signature 
Bytes 
The signature bytes are read by the same procedure as a normal 
verification of locations 030H and 031H, except that P3.6 and P3.7 
need to be pulled to a logic low. The values are: 
(030H) = 
15H indicates manufactured by Philips 


(031H) = 
B3H indicates 87C51FC 
(060H)= 
FCH 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the conditions listed in Table 4, and 
which satisfies the timing specifications, 
is suitable. 


Erasure 
Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 
4,000 angstroms. 


Since sunlight and fluorescent lighting have wavelengths in this 
range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. For this and secondary 
effects, 


it is recommended 
that an opaque 
label be placed over the 


window. 
For elevated temperature or environments where solvents 


are being used, apply Kapton tape Fluorglas part number 2345-5, 
or 
equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-s/cm2. 
Exposing the EPROM to an ultraviolet lamp of 12,000I!W/cm2 rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


Security 
Bits 
With none of the security bits programmed the code in the program 
memory can be verified. If the encryption table is programmed, the 
code will be encrypted when verified. When only security bit 1 (see 
Table 5) is programmed, MOVC instructions executed from external 
program memory are disabled from fetching code bytes from the 
internal memory, EA is latched on Reset and all further programming 
of the EPROM is disabled. When security bits 1 and 2 are 
programmed, in addition to the above, verify mode is disabled. 
When all three security bits are programmed, all of the conditions 
above apply and all external program memory execution is disabled. 


Encryption 
Array 
64 bytes of encryption array are initially unprogrammed 
(all 1s). 


MODE 
RST 
J5SEN 
ALEIPROG 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 
P3.3 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 
0 


Program code data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 
0 


Pgm encryption table 
1 
0 
O' 
Vpp 
1 
0 
1 
0 
1 


Pgm security bit 1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 
1 


Pgm security bit 2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 
1 


Pgm security bit 3 
1 
0 
O' 
Vpp 
0 
1 
0 
1 
1 


NOTES: 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. 
Vpp = 12.75V ±O.25V. 


3. 
Vcc = 5V±100/0during programming and verification. 
ALEJF'FlOG receives 5 programming pulses (only for user array; 25 pulses for encryption or security bits) while Vpp is held at 12.75V. Each 
programming pulse is low for lO0J.ls (±10J.ls)and high for a minimum of l0J.ls. 


PROGRAM LOCK BITS1,2 


SB1 
SB2 
SB3 
PROTECTION DESCRIPTION 


1 
U 
U 
U 
No Program Security features enabled. (Code verify will still be encrypted by the Encryption Array if 
programmed.) 


2 
P 
U 
U 
MOVC instructions executed from extemal program memory are disabled from fetching code by1es 
from internal memory, Eli: is sampled and latched on Reset, and further programming of the EPROM 
is disabled. 


3 
P 
P 
U 
Same as 2, also verify is disabled. 


4 
P 
P 
P 
Same as 3, extemal execution is disabled. Internal data RAM is not accessible. 


NOTES: 
1. P - programmed. U - unprogrammed. 
2. 
Any other combination of the security bits is not defined. 
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EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +27°C, 
VCC = 5V±10%, 
VSS = OV (See 
Figure 
32) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
501 
mA 


1ltCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to J5ROO 
low 
- 
48teLCL 


laHAX 
Address 
hold 
after 
J5ROO 
48teLCL 


tDVGL 
Data 
setup 
to J5ROO 
low 
48teLCL 


laHDX 
Data 
hold 
after 
J5ROO 
48teLCL 


tEHSH 
P2.7 (EIIIJffi[E) 
high 
to Vpp 
48teLCL 


tSHGL 
Vpp 
setup 
to J5ROO 
low 
10 
Ils 


laHSL 
Vpp 
hold 
after 
J5ROO 
10 
IlS 


laLGH 
J5ROOwidth 
90 
110 
Ils 


tAVQV 
Address 
to data 
valid 
48teLCL 


tELQZ 
~ 
low to data 
valid 
48teLCL 


tEHQZ 
Data 
float 
after 
~ 
0 
48teLCL 


laHGL 
J5ROO 
high 
to J5ROO 
low 
10 
Ils 


Pl.o-Pl.7 
P2.o-P2.5 
P3.4 
(AO-A14) 


PROGRAMMING" 


ADDRESS 


PORTO 
pO.o-PO.? 
(00-07) 


NOTES: 


FOR PROGRAMMING 
VERIFICATION 
SEE FIGURE 
29. 


FOR VERIFICATION 
CONDITIONS 
SEE 
FIGURE 
31. 


•• 
SEE TABLE 4. 


Philips Semiconductors 


FEATURES 


• 
Full static 80C51 CPU 


• 
8-bit CPU, ROM, RAM, 1/0 in a single 40-lead DILl mini-pack 


• 
4K x 8 ROM, expandable externally to 64K bytes 


• 
128 bytes RAM, expandable externally to 64K bytes 


• 
Four 8-bit ports, 321/0 lines 


• 
Two 16-bit timer I event counters 


• 
External memory expandable up to 128K, extemal ROM up to 
64K and I or RAM up to 64K 


• 
On-chip oscillator suitable for RC, LC, quartz crystal or ceramic 
resonator 


• 
Thirteen source, thirteen vector interrupt structure with two priority 
levels 


• 
Full duplex serial port (UART) 


• 
Enhanced architecture with: 


- 
non-page ortented instructions 


- 
direct addressing 


- 
four eight byte RAM register banks 


- 
stack depth up to 128 bytes 


- 
multiply, divide, subtract and compare instructions 


• 
Power-Down and IDLE instructions 


~1.0 
1 


~1.1 
2 


mT4Jp1.2 


VDD 


3 
PO.lYAOO 


PO.1/ADI 


TJiff'S"1P1.3 
4 


lI'JnIP1.4 
5 


PO.2/AD2 


PO.31AD3 


PO.4/AD4 


PO.5/AD5 


RXOIDATAlP3.0 
1 


TXDlClOCKIP3.1 
11 


IIITOJP3.2 
1 


Tm17P3.3 
1 


T11P3.S 
1 


WRiP3.6 1 


ROIP3.7 
1 


P2.1/A9 


P2.OIA8 


• 
Wake-up via external interrupts at Port 1 


• 
Single supply voltage of 1.8V to 6.0V (5.0V ±10% for P80C51) 


• 
Frequency range of 0 to 16MHz (3.5MHz to 16MHz for P80C51) 


• 
Very low current consumption 


• 
Operating temperature range: 
-40 to +850C 


DESCRIPTION 
The 80CL51 is manufactured in an advanced CMOS technology. 
The instruction set of the 80CL51 is based on that of the 8051. The 
80CL51 is a general purpose microcontroller 
especially suited for 


battery-powered 
applications. The device has low power 


consumption and a wide range of supply voltage. For emulation 
purposes, the 85CLOOO(Piggy-back version) with 256 bytes of RAM 
is recommended. The 80CL51 has two software selectable modes 
of reduced activity for further power reduction: Idle and Power-down. 
The 80CL51 also functions as an arithmetic processor having 
facilities for both binary and BCD arithmetic plus bit-handling 
capabilities. The instruction set consists of over 100 instructions: 49 
one-byte, 46 two-byte, and 16 three-byte. 


The P80CL31 is the ROMless version of the P80CL51. P80C51 is a 
5V version of the low voltage P80CL51. 


The P80CL31 is the ROMless version of the P80CL51. P80C51 is a 
5V version of the low voltage P80CL51. 


I~I~I~I~I~ 
8 a S 8 
~~~~~ 
u 8~ 
;; ~ ~ 


a: a: a: a: a: z > It ~~ ~ 
4 
4 
2 41 4 
3 
3 
3 
3 
3 
3 


P1.511m7 
1 


P1.6IlI'ml 


P1.7Jlfml 


RST 


P3.OIAXD 


NC 


P3.11TXD 


P3.2JII'mj 


P3.3IINrf 


P3.4fTO 


P3.5/Tl 


PO.4/AD4 


PO.StADS 


PO.6IADS 


PO.l/AD7 
g; 


NC 


ALE 


I'SEI'I 


P2.7/A15 


P2.6IA14 


P2.5/A13 


1 
1 
1 
1 
2 
21 2 


III: 1° ~ ~ 


<J) u'" ~ 


0 
'" 
<J) 
z:!' 
~~ ~ 
~ ~ 1" 
1" 
> 
0 
M ~ x 
x 
Ii! Ii! Ii! ~ Ii! 
a. 


PHILIPS PART ORDER 
PHILIPS NORTH AMERICA 1 
NUMBER PART MARKING 
PART ORDER NUMBER 
TEMPERATURERANGEOC 
DRAWING 
AND PACKAGE 
NUMBER 
ROMless 
ROM 
ROMless 
ROM 


PBOCL31HFP 
PBOCL51HFP 
PBOCL31HFP N 
PBOCL51HFP N 
-40 to +B5; 
SOT129-1 
40-lead Plastic Dual In-line Package (1.BV to 6V) 


PBOCL31HFT 
PBOCL51HFT 
PBOCL31HFT D 
PBOCL51HFT D 
-40 to +B5; 
SOT15B·1 
40-lead Plastic Small Outline Package (1.BV to 6V) 


PBOCL31HFH 
PBOCL51HFH 
PBOCL31HFH B 
PBOCL51HFH B 
-40 to +B5; 
SOT307-2 
44-lead Plastic Quad Flat Package (l.BV to 6V) 


P80C51HFP 
PBOC51HFPN 
-40 to +85; 
SOT129-1 
40·lead Plastic Dual In-line Package (5.0V ±10%) 


PBOC51HFT 
PBOC51HFTD 
-40 to +B5; 
SOT158·1 
40-lead Plastic Small Outline Package (5.0V ±10%) 


P80C51HFH 
PBOC51HFH B 
-40 to +85; 
SOT307-2 
44-lead Plastic Quad Flat Package (5.0V ±10%) 


NOTE: 
1. Parts ordered by the Philips North America part number will be marked with the Philips part marking. 


PIN 
DESIGNATION 
FUNCTION 


OFP 
DIP 


40 
1 
P1.0/INT2 
Port 1: Port 1 is an B-bit bidirectional I/O port with internal pullups. Port 1 pins that have 1s written 


41 
2 
P1.1ANT3 
to them are pulled HIGH by the internal pullups, and in that state can be used as inputs. The Port 1 


42 
3 
P1.2ANT4 
output buffer can sink/source 4 LS TIL 
loads. As inputs, Port 1 pins that are externally pulled LOW 


43 
4 
P1.3/INT5 
will source current (IlL in the characteristics) due to the internal pullups. Port 1 also serves the 


44 
5 
P1.4ANT6 
alternative functions INT2 to INT9. 


1 
6 
P1.5ANT7 


2 
7 
P1.6ANT8 


3 
8 
P1.7ANT9 


4 
9 
RST 
Reset: A high level on this pin for two machine cycles while the oscillator is running resets the 
device. 


5-13 
10-17 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 3 output buffers can 
sink/source 4 LS TIL inputs. Port 3 pins that have 1s written to them are pulled HIGH by the 
internal pull ups, and in that state can be used as inputs. As inputs, Port 3 pins that are externally 
pulled LOW will source current (IlL in the characteristics) 
due to the internal pull ups. 


5 
10 
P3.0/RXD/data 
RXD/data: Serial port receiver data input (asynchronous)or 
data input/output (synchronous) 


7 
11 
P3.1/TXD/clock 
TXD/clock: 
Serial port transmitter data output (asynchronous) or clock output (synchronous) 


8 
12 
P3.2ANTO 
INTO: External interrupt O. 
9 
13 
P3.3ANT1 
iNT1: External interrupt 1. 


10 
14 
P3.4/T0 
TO: Timer 0 external input. 


11 
15 
P3.5/T1 
T1: Timer 1 external input. 


12 
16 
P3.6iWFl 
WR: External data memory write strobe. 
13 
17 
P3.7JRri 
RO: External data memory read strobe. 


14 
18 
XTAL2 
Crystal 
output: 
Output of the inverting amplifier of the oscillator. Left open when external clock is 


used. 


Crystal 
input: 
Input to the inverting amplifier of the oscillator; also the input for an externally gen- 
erated clock source. 


15 
19 
XTAL1 
Crystal 
input: 
Input to the inverting amplifier of the oscillator; also the input for an externally 


generated clock source. 


16 
20 
Vss 
Ground: 
Circuit ground potential. 


18-25 
21-28 
P2.0-P2.7 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pullups. Port 2 pins that have 1s written 
to them are pulled HIGH by the internal pullups, and in that state can be used as inputs. The Port 2 
output buffer can sink/source 4 LS TIL loads. 


Port 2 emits the high-order address byte during accesses to external memory that use 1 6-bit ad- 
dresses (MOVX @DPTR). In this application it uses the strong internal pullups when emitting 1s. 
During accesses to external memory that use B-bit addresses (MOVX @Ri), Port 2 emits the con- 
tents of the P2 Special Function Register. 


26 
29 
PSEN 
Program 
store enable output: 
Read strobe to external program memory. When executing code 
out of external program memory, PSEN is activated twice each machine cycle. However, during 
each access to external data memory two PSEN activations are skipped. 


27 
30 
ALE 
Address 
Latch Enable: Output pulse for latching the low byte of the address during access to 


external memory. ALE is emitted at a constant rate of 1/6 of the oscillator frequency, and may be 
used for external timing or clocking purposes. 


29 
31 
EA 
External 
Access: 
When EA is held High the CPU executes out of internal program memory (un- 


less the program counter exceeds OFFFH). Holding EA LOW forces the CPU to execute out of 
external memory regardless of the value of the program counter. 


30-37 
32-39 
PO.0-POO.7 
Port 0: Port 0 is an 8-bit open drain bidirectional I/O port. As an open drain output port it can sink 8 
LS TIL loads. Port 0 pins that have 1s written to them float, and in that state will function as high 
impedance inputs. Port 0 is also the multiplexed low order address and data bus during access to 
external memory. In this application it uses strong internal pull-ups when emitting logic 1s. 


38 
40 
VDD 
Power supply. 
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General 
The 80CL51 is a stand-alone high-performance 
CMOS 


microcontroller designed for use in real-time applications such as 
instrumentation, 
industrial control, intelligent computer peripherals 


and consumer products. 


The device provides hardware features, architectural enhancements 
and new instructions to function as a controller for applications 
requiring up to 64K bytes of program memory and/or up to 64K 
bytes of data storage. 


The 80CL51 contains a non-volatile 4K byte x 8 read-only program 
memory; a static 128 byte x 8 read/write data memory; 32 1/0 lines; 
two 16-bit timer/event counters; a thirteen- source two priority-level, 
nested interrupt structure and on-chip oscillator and timing circuil. 


The device has two software selectable modes of reduced activity 
for power reduction: IDLE and Power-down. The Idle mode freezes 
the CPU while allowing the RAM, timers, serial I/O and interrupt 
system to continue functioning. The Power-down mode saves the 
RAM contents but freezes the oscillator causing all other chip 
functions to be inoperative. 


The P80C51 is a 5V version of the low voltage microcontroller 
P80CL51. Hereafter the generic term P80CL51 will be used for the 
functional description of both types. The special features of the 
P80C51 are handled in chapter 1.9. 


CPU timing 
A machine cycle consists of a sequence of 6 states. Each state time 
lasts for two oscillator periods, thus a machine cycle takes 12 
oscillator periods or l11S if the oscillator frequency is 12MHz. 


1.1 
Memory organization 


The 80CL51 has a 4K Program Memory (ROM) plus 128 bytes of 
Data Memory (RAM) on board. The device has separate address 
spaces for Program and Data Memory (see Memory Map). Using 
Ports POand P2, the 80CL51 can address up to 64K bytes of 
external memory. The CPU generates both read and write signals 
(RD and WR) for extemal Data Memory accesses, and the read 
strobe (PSEN) for extemal Program Memory. 


225r- 
I 


127 


1.1.1 
Program 
Memory 
The 80CL51 contains 4K bytes of internal ROM. After reset the CPU 
begins execution at location OOOOH.The lower 4K bytes of Program 
Memory can be implemented in either on- chip ROM or extemal 
Memory. If the EA pin is strapped to Voo, then program memory 
fetches from addresses OOOHthrough OFFFH are directed to the 
intemal ROM. Fetches from addresses 1OOOHthrough FFFFH are 
directed to external ROM. Program counter values greater than 
OFFFH are automatically addressed to external memory regardless 
of the state of the EA pin. 


1.1.2 
Data Memory 
The 80CL51 contains 128 bytes of intemal RAM and 25 Special 
Function Registers (SFR). The Memory Map below shows the 
internal Data Memory space divided into the Lower 128, the Upper 
128, and the SFR space. 


The lower 128 bytes of the internal RAM are organized as mapped 
in Figure 1. The lowest 32 bytes are grouped into 4 banks of 8 
registers. Program instructions refer to these registers ROthrough 
R7. Two bits in the Program Status Word select which register bank 
is in use. The next 16 bytes above the register banks form a block of 
bit-addressable 
memory space. The 128 bits in this area can be 


directly addressed by the single-bit manipulation instructions. The 
remaining registers (30H to 7FH) are directly and indirectly byte 
addressable. 


1.1.3 
Special 
Function 
Registers 


The upper 128 bytes are the address locations of the SFRs. Figure 
2 shows the Special Function Register (SFR) space. SFRs include 
the port latches, timers, peripheral control, serial I/O registers, etc. 
These registers can only be accessed by direct addressing. There 
are 128 addressable locations in the SFR address space (SFRs with 
addresses divisible by eight). 


1.1.4 
Addressing 
The 80CL51 has five methods for addressing source operands: 


- 
Register 


- 
Direct 
- 
Register-Indirect 


- 
Immediate 
- 
Base-Register-plus 
Index-Register-indirect 


'-------v-----' 


EXTERNAL 
DATA RAM 
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2FH 
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07H 
I 
I 
RO 
0 
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BIT-AOORESSABLESPACE 
(BIT ADDRESSES 
Q-7F) 


The first three methods can be used for addressing destination 
operands. Most instructions have a "destination/source" 
filed that 
specifies data type. addressing methods and operands involved. For 
operations other than MOVs. the destination operand is also a 
source operand. 


Access to memory addressing is as follows: 
- 
Registers in one of the four register banks through register, 
direct or indirect. 


- 
Internal RAM (128 bytes) through direct or register-indirect. 


- 
Special Function Register through Direct. 


- 
External data memory through Register-Indirect 


- 
Program memory look-up tables through Base-Register-Plus 
Index-Register-Indirect. 


1.2.1 
Ports 
The 80CL51 has 32 I/O lines treated as 32 individually addressable 
bits or as four parallel 8- bit addressable ports. Port 0, 1,2 and 3 
perform the following alternate functions: 


Port 0: 
provides the multiplexed low-order address and data bus 
for expanding the device with standard memories and 
peripherals. 


Port 1: 
provides the inputs for the extemal interrupts INT2IINT9. 


Port 2: 
provides the high-order address when expanding the 
device with extemal program or data memory. 


Port 3: 
pins can be configured individually to provide: 
(1) extemal interrupt request inputs 
(2) counter input 
(3) control signals to read and write to extemal memories 
(4) UART input and output 


To enable a Port 3 pin altemate function. the Port 3 bit latch in its 
SFR must contain a logic 1. 


Each port consists of a latch (Special Function Registers POto P3), 
an output driver and an input buffer. Ports 1.2,3 have intemal pull 
ups. Figure 3(a) shows that the strong transistor p1 is tumed on for 
only 2 oscillator periods after a 0-t0-1 transition in the port latch. 
When on. it tums on p3 (a weak pull up) through the inverter. This 
inverter and p3 form a latch which hold the 1. In Port 0 the pull up p1 
is only on when emitting 1s for external memory access. Writing a 1 
to a Port 0 bit latch leaves both output transistors switched off so the 
pin can be used as a high-impedance 
input. 


1.2.2 
Port Options 
The pins of port 1. port 2, and port 3 may be individually configured 
with one of the following options (see Figure 3): 


Option 1: Standard Port; quasi-bidirectional 
I/O with pull up. The 


strong booster pull up p1 is tumed on for two oscillator 
periods after a 0-to-1 transition in the port latch (see 
Figure 3(a)). 


Option 2: Open drain; quasi-bidirectional 
I/O with n-channel open 


drain output. Use as an output requires the connection of 
an external pull up resistor (see Figure 3(c)). 


Option 3: Push-Pull; output with drive capability in both polarities. 


Under this option, pins can only be used as outputs. See 
Figure 3(b). 
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The definition of port options for port 0 is slightly different. Two 
cases have to be examined. First, accesses to external memory 
(EA=O or access above the built -in memory boundary), second, I/O 
accesses. 


External Memory Accesses 
Option 1: True 0 and 1 are written as address to the external 


memory (strong pUll up is used). 


Option 2: An external pull up resistor is needed for external 


accesses. 


Option 3: Not allowed for external memory access as the port can 


only be used as output. 


I/O Accesses 
Option 1: When writing a 1 to the port-latch, the strong pUll up p1 


will be on for 2 oscillator periods. No weak pull up exists. 
Without an external pUll up, this option can be used as a 
high-impedance 
input. 


Option 2: Open drain; quasi-bidirectional 
I/O with n-channel open 


drain output. Use as an output requires the connection of 
an external pull up resistor (see Figure 3(c)). 


Option 3: Push-Pull; output with drive capability in both polarities. 


Under this option, pins can only be used as outputs. 


Individual mask selection of the post-reset state is available on any 
of the above pins. Make your selection by appending US"or "R" to 
option 1, 2, or 3 above (e.g. 1 S for a standard I/O to be set after 
RESET or 2R for an open-drain I/O to be reset after RESET). 


1.3 
Timer/event counter 
The BOCL51 contains two 16·bit Timer/Counter 
registers, Timer 0 


and Timer 1, which can perform the following functions: 


- 
Measure time intervals and pulse durations 


- 
Count events 


- 
Generate interrupts requests 


TImer 0 and TImer 1 can be independently programmed to operate 
as follows: 


Mode 0 - B-bit timer or counter with divide-by-32 prescaler 


Mode 1 - 
16-bit time-interval or event counter 


Mode 2 - B-bit time interval or event counter with automatic reload 


upon overflow 


Mode 3 - TImer 0 establishes TLO and THO as two separate 


counters. 


In the "Timer" function, the register is incremented every machine 
cycle. Since a machine cycle consists of 12 oscillator periods, the 
count rate is 1/12 of the oscillator frequency. 


In the "Counter" function, the register is incremented in response to 
a Ho-O transition. Since it takes 2 machine cycles (24 oscillator 
periods) to recognize a 1-to-0 transition, the maximum count rate is 
1/24 of the oscillator frequency. To ensure a given level is sampled, 
it should be held for at least one full machine cycle. 


1.4 
Idle and Power-down operation 


Idle mode operation permits the interrupt, serial port and timer 
blocks to continue functioning while the clock to the CPU is halted. 
The following functions remain active during Idle mode: 


- 
TImer 0, TImer 1 


- 
UART 


- 
External interrupt 


The Power-down operation freezes the oscillator. The Power-down 
mode can only be activated by setting the PD bit in the PCON 
register. 


1.4.1 
Power control 
register 
Power-down and Idle modes are activated by software via the 
Special Function Register PCON. Its hardware address is B7H. 
PCON is byte addressable only. 


PCON 


BIT 
POSITION 
FUNCTION 


SMOD 
PCON.7 
Double baud-rate bit, see description of the UART, chapter 1.5. 


PCON.4·PCON.6 
(reserved) 


GF1 
PCON.3 
General purpose flag bit 


GFO 
PCON.2 
General purpose flag bit 


PD 
PCON.1 
Power-down activation bit 


IDL 
PCON.O 
Idle mode activation bit 


INPUTS 
SERIAL 
PORTS 


TIMER 
BLOCKS 


1.4.2 
Power-down 
mode 
The instruction setting PCON.1 is the last executed prior to going 
into the Power-down mode. In Power-down mode the oscillator is 
stopped. The contents of the on-chip RAM and SFRs are preserved. 
The port pins output the values held by their respective SFRs. ALE 
and PSEN are held LOW. 


In the Power-down mode VDD may be reduced to minimize power 
consumption. However. the supply voltage must not be reduced until 
Power-down mode is active. and must be restored before the 
hardware reset is applied and frees the oscillator. Reset must be 
held active until the oscillator has restarted and stabilized. 


The wake-up operation after power-down in this controller has two 
basic approaches: 


1.4.2.1 
Wake-up using INT2 to INT9 


If INT2 to INT9 are enabled. the 80CL51 can be awakened from 
power-down mode with the extemal interrupts. To ensure that the 
oscillator is stable before the controller restarts, the intemal clock 
will remain inactive for 1536 oscillator periods. This is controlled by 
an on-chip delay counter. 


1.4.2.2 
Wake-up using RESET 
To wake-up the 80CL51 the RESET pin has to be kept HIGH for a 
minimum of 24 oscillator periods. The on-chip delay counter is 
inactive. The user has to ensure that the oscillator is stable before 
any operation is attempted. Figure 5 illustrates the two possibilities 
for wake-up. 


1.4.3 
Idle mode 
The instruction that sets PCON.O is the last instruction executed 
before going into Idle mode. Once in the Idle mode, the internal 


clock is gated away from the CPU. but not from the Interrupt. Timer 
and Serial port functions. The CPU status is preserved along with 
the Stack Pointer. Program Counter. Program Status Word and 
Accumulator. The RAM and all other registers maintain their data 
during Idle mode. The port pins retain the logical states they held at 
Idle mode activation. ALE and PSEN hold at the logic HIGH level. 


There are two methods used to terminate the Idle mode. Activation 
of any enabled interrupt will cause PCON to be cleared by 
hardware, terminating Idle mode. The interrupt is serviced. and 
following the instruction RETI. the next instruction to be executed 
will be the one following the instruction that put the device in the Idle 
mode. 


Flag bits GFO and GF1 may be used to determine whether the 
interrupt was received during normal execution or Idle mode. For 
example, the instruction that writes to PCON.O can also set or clear 
one or both flag bits. When Idle mode is terminated by an interrupt. 
the service routine can examine the status of the flag bits. 


The second method of terminating the Idle mode is with an extemal 
hardware reset. Since the oscillator is still running. the hardware 
reset is required to be active for only two machine cycles to 
complete the reset operation. 


Reset redefines all SFRs. but does not affect the on-chip RAM. 


The status of the external pins during Idle and Power-down mode is 
shown in Table 1. If the Power-down mode is activated while 
accessing external memory. port data held in the Special Function 
Register P2 is restored to Port 2. If the data is a logic 1. the port pin 
is held HIGH during the Power-down mode by the strong pull up 
transistor p1 (see Figure 3(a)). 


MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
internal 
1 
1 
Port Data 
Port Data 
Port Data 
Port Data 


Idle 
external 
1 
1 
Floating 
Port Data 
Address 
Port Data 


Power-down 
intemal 
0 
0 
Port Data 
Port Data 
Port Data 
Port Data 


Power-down 
external 
0 
0 
Floating 
Port Data 
Port Data 
Port Data 


1 
_ 
__ 
n 
_ 


1.5 
Standard 
serial interface 
SIO: UART 


This serial port is full duplex, meaning it can transmit and receive 
simultaneously. It is also receive-buffered, 
meaning it can 


commence reception of a second byte before a previously received 
byte has been read from the register. (However, if the first byte still 
hasn't been read by the time reception of the second byte is 
complete, one of the bytes will be lost). The serial port receive and 
transmit registers are both accessed at Special Function Register 
SOBUF. Writing to SOBUF loads the transmit register, and reading 
SOBUF loads the transmit register, and reading SOBUF accesses a 
physically separate receive register. 


The serial port can operate in 4 modes: 


Mode 0: 
Serial data enters and exits through RxD. TxD outputs the 
shift clock. 8 bits are transmitted! received (LSB first). The 
baud is fixed at 1/12 the oscillator frequency. 


Mode 1: 
10 bits are transmitted (through TxD) or received (through 
RxD): a start bit (0), 8 data bits (LSB first), and a stop bit 
(1). On receive, the stop bit goes into RB8 in Special 
Function Register SCON. The baud rate is variable. 


Mode 2: 
11 bits are transmitted (through TxD) or received (through 
RxD): start bit (a), 8 data bits (LSB first), a programmable 
9th data bit, and a stop bit (1). On Transmit, the 9th data 
bit (TB8 in SCON) can be assigned the value of a or 1. 
Or, for example, the parity bit (P, in the PSW) could be 
moved into TB8. On receive, the 9th data bit goes into 
RB8 in Special Function Register SCON, while the stop 
bit is ignored. The baud rate is programmable to either 
1/32 or 1/64 the oscillator frequency. 


Mode 3: 
11 bits are transmitted (through TxD) or received (through 
RxD): a start bit (a), 8 data bits (LSB first), a 
programmable 9th data bit and a stop bit (1). In fact, 
Mode 3 is the same as Mode 2 in all respects except 
baud rate. The baud rate in Mode 3 is variable. 


In all four modes, transmission is initiated by any instruction that 
uses SOBUF as a destination register. Reception is initiated in Mode 
a by the condition RI ; a and REN ; 1. Reception is initiated in the 
other modes by the incoming start bit if REN ; 1. 


1.5.1 
MUltiprocessor 
communications 


Modes 2 and 3 have a special provision for multiprocessor 
communications. 
In these modes, 9 data bits are received. The 9th 


one goes into RB8. Then comes a stop bit. The port can be 
programmed such that when the stop bit is received, the serial port 
intenrupt will be activated only if RB8 ; 1. This feature is enabled by 
selting bit SM2 in SCON. A way to use this feature in multiprocessor 
systems is as follows: 


When the master processor wants to transmit a block of data to one 
of several slaves, it first sends out an address byte which identifies 
the target slave. An address byte differs from a data byte in that the 
9th bit is 1 in an address byte and a in a data byte. With SM2 ; 1, no 
slave will be interrupted by a data byte. An address byte, however, 
will interrupt all slaves, so that each slave can examine the received 
byte and see if it is being addressed. The addressed slave will clear 
its SM2 bit and prepare to receive the data bytes that will be coming. 
The slaves that weren't being addressed leave their SM2s set and 
go on about their business, ignoring the coming data bytes. 


SM2 has no effect in Mode 0, and in Mode 1 can be used to check 
the validity of the stop bit. In a Mode 1 reception, if SM2 ; 1, the 
receive interrupt will not be activated unless a valid stop bit is 
received. 


1.5.2 
Serial port control 
register 
The serial port control and status register is the Special Function 
Register SOCON, shown in Figure 6. The register contains not only 
the mode selection bits, but also the 9th data bit for transmit and 
receive (TB8 and RB8), and the serial port interrupt bits (Tl and 
Rl). See next page. 


Baud Rates 
The baud rate in Mode a is fixed: Mode a Baud Rate; 
Oscillator 


Frequency 112. The baud rate in Mode 2 depends on the value of bit 
SMOD in Special Function Register PCON. If SMOD; 
a (which is 


the value on reset), the baud rate is 1/64 the oscillator frequency. If 
SMOD ; 1, the baud rate is 1/32 the oscillator frequency. 


Mode 2 Baud Rate; 
(2SMOD/64)(Oscillator Frequency) 


The baud rates in Modes 1 and 3 are determined by the Timer 1 
overflow rate. 


Using Timer 1 to generate 
baud rates 
When Timer 1 is used as the baud rate generator, the baud rates in 
Modes 1 and 3 are determined by the Timer 1 overflow rate and the 
value of SMOD as follows: 


(2SMODI32)(Timer 1 Overflow Rate) 


The Timer 1 interrupt should be disabled in this application. The 
Timer itself can be configured for either "timer" or "counter" 
operation, and in any of its 3 running modes. In the most typical 
applications, it is configured for "timer operation, in the auto-reload 
mode (high nibble of TMOD ; 001OB). In that case the baud rate is 
given by the formula: 


Mode 1, 3 Baud Rate; 


«2SMOD/32) 
(Oscillator Frequency)} 1 (12 (256 - (TH 1 )} 


One can achieve very low baud rates with Timer 1 by leaVing the 
Timer 1 interrupt enabled, and configuring this Timer to run as a 
16-bittimer 
(high nibble of TMOD ; 0001 B), and using the Timer 1 


interrupt to do a 16-bit software reload. Table 2 lists various 
commonly used baud rates and how they can be obtained from 
Timer 1. 


More about Mode a 
Figure 7 shows a simplified functional diagram of the serial port in 
Mode 0, and associated timing. Transmission is initiated by any 
instruction that uses SOBUF as a destination register. The "write to 
SOBUP signal at S6P2 also loads a 1 into the 9th position of the 
transmit shift register and tells the TX Control block to commence a 
transmission. The intemal timing is such that the one full machine 
cycle will elapse between "write to SOBUP, and activation of SEND. 


SEND enables the output of the shift register to the altemate output 
function line of P3.0 and also enables SHIFT CLOCK to the 
alternate output function line of P3.1. SHIFT CLOCK is low during 
S3, S4, and S5 of every machine cycle, and high during S6, Sl and 
S2. At S6P2 of every machine cycle in which SEND is active, the 
contents of the transmit shift are shifted to the right one position. 


As data bits shift out to the right, zeros come in from the left. When 
the MSB of the data byte is at the output position of the shift register, 
then the 1 that was initially loaded into the 9th position is just to the 
left of the MSB, and all positions to the left of that contain zeros. 
This condition flags the TX Control block to do one last shift and 
then deactivate SEND and set Tl. Both of these actions occur at 
Sl Pl of the 10th machine cycle after "write to SOBUP. 


Reception is initiated by the condition REN ; 1 and Rl ; O.At S6P2 
of the next machine cycle, the RX Control unit writes the bits 
11111110to the receive shift register, and in the next clock phase 
activates RECEIVE. 


MSB 
LSB 
EEEEEEEG 


5MO 
5M1 
Mode 
Description 
Baud Rate 


0 
0 
0 
shift register 
fosd12 
0 
1 
1 
8-bit UART 
variable 


1 
0 
2 
9-bitUART 
fosd64 
or 


fosd32 


3 
9-bit variable UART 


5M2 
Enables the multiprocessor communication feature in Modes 2 and 3. In Mode 2 or 3, if 5M2 is set to 1 then RI will not 
be activated if the received 9th data bit (RB8) is O. In Mode 1, if 5M2=1 then R1 will not be activated if a valid stopbit 
was not received. In Mode 0, 5M2 should be O. 


REN 
Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


TB8 
Is the 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 


RB8 
In Modes 2 and 3, is the 9th data bit that was received. In Mode 1, it SM2=0, RB8 is the stop bit that was received. In 
Mode 0, RB8 is not used. 


TI 
Is transmit interrupt flag. Set by hardware at the end of the 8th time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. Must be cleared by software. 


RI 
Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or hallway through the stop bit time in 
the other modes, in any serial reception except (see SM2). Must be cleared by software. 


TIMER 1 


BAUD RATE 
fosc 
5MOD 
err 
MODE 
RELOAD VALUE 


Mode 0 Max: 1.33 Mb/s 
16 MHz 
x 
x 
x 
x 


Mode 2 Max: 500 Kb/s 
16MHz 
1 
x 
x 
x 


Modes 1,3: 83.3 Kb/s 
16MHz 
1 
0 
2 
FFH 


19.2 Kb/s 
11.059 MHz 
1 
0 
2 
FDH 


9.6 Kb/s 
11.059 MHz 
0 
0 
2 
FDH 


4.8 Kb/s 
11.059 MHz 
0 
0 
2 
FAH' 


2.4 Kb/s 
11.059 MHz 
0 
0 
2 
F4H 


1.2 Kb/s 
11.059 MHz 
0 
0 
2 
E8H 


137.5 Kb/s 
, 
11.986 MHz 
0 
0 
2 
1DH 


110 
6MHz 
0 
0 
2 
72H 


110 
12MHz 
0 
0 
1 
FEEBH 


RECEIVE enables SHIFT CLOCK to the alternate output function 
line of P3.1. SHIFT Clock makes transitions at S3P1 and S6P1 of 
every machine cycle. at S6P2 of every machine cycle in which 
RECEIVE is active, the contents of the receive shift register are 
shifted to the left one position. The value that comes in from the right 
is the value that was sampled at the P3.0 pin at S5P2 of the same 
machine cycle. 


As data bits come in from the right, 1s shift out to the left. When the 
o that was initially loaded into the right-most position arrives at the 
left-most position in the shift register, it flags the RX Control block to 
do one last shift and load SOBUF. At S1P1 of the 10th machine cycle 
after the write to SCON that cleared RI, RECEIVE is cleared as RI is 
set. 


More about Mode 1 
Ten bits are transmitted (through TxD), or received (through RxD): a 
start bit (0), 8 data bits (LSB first), and a stop bit (1 ). On receive, 
the stop bit goes into RB8 in SCON. In the 8051 the baud rate is 
determined by the Timer 1 overflow rate. 


Figure 8 shows a simplified functional diagram of the serial port in 
Mode 1, and associated timings for transmit/receive. 


Transmission is initiated by any instruction that uses SOBUF as a 
destination register. The ''write to SOBUP' signal also loads a 1 into 
the 9th bit position of the transmit shift register and flags the TX 
Control unit that a transmission is requested. Transmission actually 
commences at S1P1 of the machine cycle following the next rollover 
in the divide-by-16 counter. (Thus, the bit times are synchronized to 
the divide-by-16 counter, not to the "write to SOBUP' signal). 


The transmission begins with activation of SEND which sends the 
start bit to pin TxD. One bit time later, DATA is activated, enabling 
the transmission of the output bit of the transmit shift register to TxD. 
The first shift pulse occurs one bit time after that. 


As data bits shift out to the right, zeros are clocked in from the left. 
When the MSB of the data byte is at the output position of the shift 
register, then the 1 that was initially loaded into the 9th position is 
just to the left of the MSB, and all positions to the left of that contain 
zeros. This condition flags the TX Control unit to do one last shift 
and then deactivate SEND and set TI. This occurs at the 10th 
divide-by-16 rollover after "write to SOBUP'. Reception is initiated by 
a detected 1 -to-O transition at RxD. For this purpose RxD is 
sampled at a rate of 16 times whatever baud rate has been 
established. When a transition is detected, the divide-by-16 counter 
is immediately reset, and 1FFH is written into the input shift register. 
Reselling the divide-by-16 counter aligns its rollovers with the 
boundaries of the incoming bit times. The 16 states of the counter 
divide each bit time into 16th. At the 7th, 8th, and 9th counter states 
of each bit time, the bit detector samples the value of RxD. The 
value accepted is the value that was seen in at least 2 of the 3 
samples. This is done for noise rejection. If the value accepted 
during the first bit time is not 0, the receive circuits are reset and the 
unit goes back to looking for another 1-to-0 transition. This is to 
provide rejection of false start bits. If the start bit proves valid, it is 
shifted into the input shift register, and reception of the rest of the 
frame will proceed. 


As data bits come in from the right, 1s shift out to the left. When the 
start bit arrives at the left-most position in the shift register, (which in 
mode 1 is a 9-bit register), it flags the RX Control block to do one 
last shift, loads SOBUF and RB8, and set RI. The signal to load 
SOBUF and RB8, and to set RI, will generated if, and only if, the 


following conditions are met at the time the final shift pulse is 
generated. 


1. 
R1 = 0, and 


2. 
Either SM2 = 0, or the received stop bit = 1 


If either of these two conditions is not met, the received frame is 
irretrievably lost. If both conditions are met, the stop bit goes into 
RB8, the 8 data bits go into SOBUF, and RI is activated. At this time, 
whether the above conditions are met or not, the unit goes back to 
looking for a 1-to-0 transition in RxD. 


More about modes 2 and 3 
Eleven bits are transmitted (through TxD), or received (through 
RxD): a start bit (0), 8 data bits (LSB first), a programmable 
9th data 
bit, and a stop bit {1}. On transmit, the 9th data bit (TB8) can be 
assigned the value of 0 or 1. On receive, the 9th data bit goes into 
RB8 in SCON. The baud rate is programmable to either 1/32 or 1/64 
the oscillator frequency in Mode 2. Mode 3 may have a variable 
baud rate generated from Timer 1. 


Figures 9 and 10 show a functional diagram of the serial port in 
Modes 2 and 3. The receive portion is exactly the same as in Mode 
1. The transmit portion differs from Mode 1 only in the 9th bit of the 
transmit shift register. 


Transmission is initiated by any instruction that uses SOBUF as a 
destination register. The "write to SOBUF" signal also loads TB8 into 
the 9th bit position of the transmit shift register and flags the TX 
Control unit that a transmission is requested. Transmission 
commences at Sl P1 of the machine cycle following the next rollover 
in the divide-by-16 counter (thus, the bit times are synchronized to 
the divide-by-16 counter, not to the ''write to SOBUP' signal). The 
transmission begins with activation of SEND, which puts the start bit 
at TxD. One bit time later, DATA is activated, which enables the 
output bit of the transmit shift register to TxD. One bit time later, 
DATA is activated, which enables the output bit of the transmit shift 
register to TxD. The first shift pulse occurs one bit time after that. 
The first shift clocks a 1 (the stop bit) into the 9th bit position of the 
shift register. Thereafter, only zeros are clocked in. Thus, as data 
bits shift out to the right, zeros are clocked in from the left. Then TB8 
is at the output position of the shift register, then the stop bit is just to 
the left of TB8, and all positions to the left of that contains zeros. 
This condition flags the TX Control unit to do one last shift and then 
deactivate SEND and set TI. This occurs at the 11th divide-by-16 
rollover after ''write to SOBUF". 


Reception is initiated by a detected 1-to-0 transition at RxD. For this 
purpose RxD is sampled at a rate of 16 times whatever baud rate 
has been established. When a transition is detected, the 
divide-by-16 counter is immediately reset, and 1FFFH is written to 
the input shift register. 


At the 7th, 8th and 9th counter states of each bit time, the bit 
detector samples the value of RxD. The value accepted is the value 
that was seen in at least 2 of the 3 samples. If the value accepted 
during the first bit time is not 0, the receive circuits are reset and the 
unit goes back to looking for another 1-to-0 transition. If the start bit 
proves valid, it is shifted into the input shift register, and reception of 
the rest of the frame will proceed. As data bits come in from the 
right, 1s shift out to the left. When the start bIt arrives at the left-most 
position in the shift register (which in Modes 2 and 3 IS a 9-bit 
register), it flags the RX Control block to do one last shift, load 
SOBUF and RB8, and set RI. 
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The signal to load 50BUF and RBB, and to set RI, will be generated 
if, and only if, the following conditions are met at the time the final 
shift pulse is generated. 


1. RI= 0, and 


2. 
Either 5M2 = 0 or the received 9th data bit = 1 


If either of these conditions is not met, the received frame is 
irretrievably lost, and RI is not set. If both conditions are met, the 
received 9th data bit goes into RBS, and the first B data bits 90 into 
SOBUF. One bit time later, whether the above conditions were met or 
not, the unit goes back to looking for a 1-to-0 transition at the RxD 
input. 


1.6 
InterruptSystem 


Ex1ernal events and the real-time-driven on-chip peripherals require 
service by the CPU asynchronous to do execution of any particular 
section of code. To tie the asynchronous activities of these functions 
to normal program execution, a multiple-source, two-priority-Ievel, 
nested interrupt system is provided. The BOCL51 acknowledges 
interrupt requests from thirteen sources as follows: 


- 
INTOand INT1 


- Timer 0 and Timer 1 


- 
UART serial 110 


- 
INT2 to INT9 (Port 1) 


Each interrupt vectors to a separate location in program memory for 
its service routine. Each source can be individually enabled or 
disabled by corresponding 
bits in the Interrupt Enable Registers (IE, 


lEa). The priority level is selected via the Interrupt Priority register 
(IPO, IP1). All enabled sources can be globally disabled or enabled. 


1.6.1 
Ex1ernallnterrupts 
INT2IINT9 
Port 1 lines serve an altemative purpose as eight additional 
interrupts INT2 to INT9. When enabled, each of these lines may 
"wake-up" the device from Power-down mode. Using the IX1 
register, each pin may be initialized to either active HIGH or LOW. 
IRQ1 is the interrupt request flag register. Each flag, if the interrupt 
is enabled, will be set on an interrupt request but must be cleared by 
software, I.e. via the interrupt software or when the interrupt is 
disabled. 


The Port 1 interrupts are level sensitive. A Port 1 interrupt will be 
recognized when a level (HIGH or LOW depending on Interrupt 
Polarity Register IX1) on P1x is held active for at least one machine 
cycle. The Interrupt Request is not served until the nex1 machine 
cycle. 
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Interrupt enable register IENO,IEN1 
IENO(A8H) 
I 
EA I 
I ESl I ESO I ETl 


Bit 
Symbol 
Function 


IENO.7 EA 
General enable/disable control 
o ; no interrupt is enabled 
1 ; any individually enabled interrupt will be accepted 
Unused 
Unused 
Enable UART SIO interrupt 
Enable timer T1 interrupt 
Enable external interrupt 
Enable Timer TOinterrupt 
Enable external interrupt 0 


IENO.6 
• 
IENO.SES1 
IENO.4 ESO 
IENO.3 ETl 
IENO.2 EXl 
IENO.1 ETO 
IENO.OEXO 


IEN1 (E8H) 


1EX9lexalEX7lmIEXSlm 


Bit 
Symbol 
Function 


IEN1.7 
EX9 
Enable external interrupt 9 


IEN1.6 
EX8 
Enable external interrupt 8 
IEN1.S 
EX7 
Enable external interrupt 7 
IEN1A 
EX6 
Enable external interrupt 6 


IEN1.3 
EXS 
Enable external interrupt S 


IEN1.2 
EX4 
Enable external interrupt 4 
IEN1.l 
EX3 
Enable external interrupt 3 
IEN1.0 
EX2 
Enable external interrupt 2 


where 0; 
interrupt disabled 
1; 
interrupt enabled 


Interrupt priority 
register IPO,IP1 


IPO(B8H) 
I 
I 
I 
PSl I PSG I 
PTl 


Bit 
Symbol 
Function 
IPO.7 
Unused 
IPO.6 
Unused 
IPO.S 
PSl 
Unused 
IPOA 
PSO 
UART SIO interrupt 


IPO.3 
PTl 
Timer 1 interrupt priority level 


IPO.2 
PXl 
External interrupt 1 priority level 


IPO.l 
PTO 
Timer 0 interrupt priority level 


IPO.O PXO 
External interrupt 0 priority level 


IP1 (B8H) 
I 
PX9 I 
PX8 


Bit 
Symbol 
Function 
IP1.7 
PX9 
External interrupt 9 priority level 


IPl.6 
PX8 
External interrupt 8 priority level 


IPl.S 
PX7 
External interrupt 7 priority level 


IP1A 
PX6 
External interrupt 6 priority level 


IP1.3 
PXS 
External interrupt S priority level 


IP1.2 
PX4 
External interrupt 4 priority level 


IP1.l 
PX3 
External interrupt 3 priority level 


IPl.0 
PX2 
External interrupt 2 priority level 


Interrupt priority is as follows: 


o ; low priority 
1 ; high priority 


Interrupt 
polarity 
register 
IX1 
IX1 (E9H) 
I 
IL9 
I 
lLa 
I 
IL7 
I 
IL6 
IL5 


Bit 
Symbol 
Function 
IX1.7 
IL9 
External interrupt 9 polarity level 


IX1.6 
IL8 
External interrupt 8 polarity level 


IX1.5 
IL7 
External interrupt 7 polarity level 


IX1.4 
IL6 
External interrupt 6 polarity level 


IX1.3 
IL5 
External interrupt 5 polarity level 


IX1.2 
IL4 
External interrupt 4 polarity level 
IX1.1 
IL3 
External interrupt 3 polarity level 
IX1.0 
1L2 
External interrupt 2 polarity level 


Interrupt 
request flag register 
IRQ1 


IRQ1 (COH) 
I 
109 I 
108 I 
107 I 
106 I 
105 


Bit 
Symbol 
Function 
IR01.7 
109 
External interrupt 9 request flag 


IR01.6 
108 
External interrupt 8 request flag 


IR01.5 
107 
External interrupt 7 request flag 


IR01.4 
106 External interrupt 6 request flag 
IR01.3 
105 External interrupt 5 request flag 


IR01.2 
104 External interrupt 4 request flag 
IR01.1 
103 External interrupt 3 request flag 


IR01.0 
102 External interrupt 2 request flag 


1.6.2 
Interrupt 
Vectors 


Vector 
0003H 
0023H 
0053H 
OOOBH 
005BH 
0013H 
003BH 
0063H 
00lBH 
0043H 
006BH 
004BH 
0073H 


Source 
External 0 
UARTSIO 
External 5 
Timer 0 
External 6 
External 1 
External 2 
External 7 
Timer 1 
External 3 
External 8 
External 4 
External 9 


Interrupt 
priority 
Each interrupt priority source can be set to either high or low priority. 
If both priorities are requested simultaneously, the controller will 
branch to the high priority vector. 


A low priority interrupt can only be interrupted by a high priority 
interrupt. A high priority interrupt routine cannot be interrupted. 


1.6.3 
Related registers 
The following registers are used in conjunction with the interrupt 
system: 


Register 
Function 
IX1 
Interrupt polarity register 


IR01 
Interrupt enable register 
IEN1 
Interrupt enable register (INT2-INT9) 
IPO 
Interrupt priority register 
IP1 
Interrupt priority register (INT2-INT9) 


1.7 Oscillator registers 
The on-chip circuitry of the 80CL51 is a single-stage inverting 
amplifier biased by an internal feedback resistor (Figure 13). For 
operation as standard quartz oscillator, no external components are 
needed except at 32 KHz. When using external capacitors, ceramic 
resonators, coils and RC networks to drive the oscillator, five 
different configurations are supported (see Figure 14 and oscillator 
options). 


In the Power-down mode the oscillator is stopped XTAL 1 is pulled 
HIGH. The oscillator inverter is switched off to ensure no current will 
flow regardless of the voltage at XTAL 1. To drive the device with an 
external clock source, apply the extemal clock signal to XTAL 1, and 
leave XTAL2 to float, as shown in Figure 14(1).There are no 
requirements on the duty cycle of the extemal clock, since the input 
to the internal clocking circuitry is split sing a flip-flop. 


The following options are provided for optimum on-chip oscillator 
performance. Please state option when ordering. 


1.7.1 
Oscillator 
options 
(see Figure 14) 


The following options are provided for optimum on-chip oscillator 
performance. Please state option when ordering. 


Osc.1: 
Figure 14(c): An option for 32 kHz clock applications with 
external trimmer for frequency adjustment. A 4.7 MO bias 
resistor is needed for use in parallel with the crystal. 


Osc. 2: 
Figure 14(e): An option for low-power, low-frequency 
operations using LC components. 


Osc. 3: 
An option for medium frequency range applications. 


Osc. 4: 
An option for high frequency range applications. 


RC: 
Rgure 14(g): An option for an RC oscillator. 


~ 
cll 


XTALI 


QUARTZ 
OSCILLATOR 
WITH EXTERNAL 
CAPACITORS 


1 1 


XTALI 


N.C. 


C1 EXT. (pF) 
C2 EXT. (pF) 
MAX. RESONATOR 


RESONATOR 
f(MHz) 
OPTION 
MIN. 
MAX. 
MIN. 
MAX. 
SERIES RESISTANCE 


Quartz 
0.032 
OSC.1 
0 
0 
5 
15 
15kn1 


Quartz 
1.0 
OSC.2 
0 
30 
0 
30 
600n 


Quartz 
3.56 
OSC.2 
0 
15 
0 
15 
lOOn 


Quartz 
4.0 
OSC.2 
0 
20 
0 
20 
75n 


Quartz 
6.0 
OSC.3 
0 
10 
0 
10 
60n 


Quartz 
10.0 
OSC.4 
0 
15 
0 
15 
60n 


Quartz 
12.0 
OSC.4 
0 
10 
0 
10 
40n 


Quartz 
16.0 
OSC.4 
0 
15 
0 
15 
20n 


PXE 
0.455 
OSC.2 
40 
50 
40 
50 
10n 


PXE 
1.0 
OSC.2 
15 
50 
15 
50 
lOOn 


PXE 
3.56 
OSC.2 
0 
40 
0 
40 
10n 


PXE 
4.0 
OSC.2 
0 
40 
0 
40 
10n 


PXE 
6.0 
OSC.2 
0 
20 
0 
20 
5n 


PXE 
10.0 
OSC.3 
0 
15 
0 
15 
sn 


PXE 
12.0 
OSC.4 
10 
40 
10 
40 
6n 


LC 
OSC.2 
20 
90 
20 
90 
101'H;1 
n 
1OOI'H;5n 
1 mH ;75n 


NOTES: 
1. 32 kHz quartz crystals with a sertes resistance higher than 15 kn will reduce the guaranteed supply voltage range to 2.5 -3.5V. 
2. The equivalent circuit data of the intemal oscillator compares with that of matched crystals. 


SYMBOL 
PARAMETER 
OPTION 
CONDITION 
MIN. 
TYP. 
MAX. 
UNIT 


gm 
Transconductance 
Osc.1 
T; 
+25 °C; Voo ; 4.5V 
15 
- 
l'S 
9m 
Osc.2 
T; 
+25 °C; Voo ; 4.5V 
200 
600 
1000 
l'S 
9m 
Osc.3 
T; 
+25 °C; Voo; 
4.5V 
400 
1500 
4000 
I'S 
9m 
Osc.4 
T; 
+25 °C; Voo ; 4.5V 
1000 
4000 
10000 
l's 
C1j 
Input Capacitance 
Osc.1 
3.0 
pF 


C1j 
Osc.2 
6.0 
pF 
C1j 
Osc.3 
6.0 
pF 
C1j 
Osc.4 
8.0 
pF 


C2j 
Output Capacitance 
Osc.1 
- 
23 
pF 


C2j 
Osc.2 
6.0 
pF 


C2j 
Osc.3 
6.0 
pF 


C2j 
Osc.4 
6.0 
- 
pF 


R2 
Output Capacitance 
Osc.1 
3600 
kn 


R2 
Osc.2 
- 
65 
kQ 


R2 
Osc.3 
16 
kn 


R2 
Osc.4 
5.0 
kQ 


1.7.2 
RC Oscillator 
(see Figure 16) 
The externally adjustable RC-oscillator has a frequency range from 100 kHz to 500 kHz. 


RC(.8) 


Figure 16. Frequency 
as a Function 
of RC 


1.8 
Reset Circuitry 
To initialize the 80CL51, a reset is performed by either of two 
methods: 
- via the RST pin 


- via a power-an-reset 


REGISTER 
ACC 
B 
DPL 
DPH 
lEND 
IEN1 
IPO 
IP1 
IX1 
IRQ1 
PCH 
PCL 
PCON 
PSW 
PO-P3 
SOBUF 
SOCPN 
SP 
TCON 
THO, TH1 
TLO, TH1 
TLO, TL1 
TMOD 


CONTENT 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
XXOO0000 
00000000 
00000000 
00000000 
00000000 
00000000 
OXXX 0000 
00000000 
11111111 
XXXXXXXX 
00000000 
00000111 
00000000 
00000000 
00000000 
00000000 
00000000 


The reset state of the port pins is mask- programmable and can 
therefore be defined by the user. 


The standard reset value for port PO-P3 is 1111 1111. 


The reset input to the 80CL51 is RST pin 9. A Schmitt trigger 
qualifies the input for noise rejection. The output of the Schmitt 
trigger is sampled by the reset circuitry every machine cycle. 


A reset is accomplished 
by holding the RST pin HIGH for at least 
two machine cycles (24 oscillator periods), while the oscillator is 
running. The CPU responds by generating an internal reset. Port 
pins adopt their reset state immediately after RST goes HIGH. 
During reset ALE and PSEN are held HIGH. 


The external reset is asynchronous to the internal clock. The RST 
pin is sampled during State 5, Phase 2 of every machine cycle. After 
a HIGH is detected at the RST pin, an internal reset is repeated 
every cycle until RST goes LOW. 


1.8.1 
Power-on 
reset 
The 80CL51 contains on-chip circuitry which switch the port pins to 
the customer defined logic level as soon as Voo exceeds 
1.3V. As soon as the minimum supply voltage is reached, the 
oscillator will start up. However, to ensure that the oscillator is stable 
before the controller starts, the clock signals are gated away from 
the CPU for a further 1536 oscillator periods. During that time the 
CPU is held in a reset state. 


A hysteresis of approximately 50 mV at a typical power-on switching 
level of 1.3 V will ensure correct operation. 


The on-chip Power-on circuitry can be switched off via the mask 
option "OFP'. This option reduces the power-down current to 
typically 800f!A and can be chosen if external reset circuitry is used. 
For applications not requiring the internal reset option, "OFF" should 
be chosen. 


An automatic reset can be obtained at power-on by connecting the 
RST pin to Voo via a 1OI'F capacitor. At power-on, the voltage on 
the RST pin is equal to Voo minus the capacitor voltage, and 
decreases from Voo as the capacitor discharges through the 
internal resistor RRSTto ground. The larger the capacitor, the more 
slowly VRSTdecreases VRSTmust remain above the lower threshold 
of the Schmitt trigger long enough to effect a complete reset. The 
time required is the oscillator start-up time, plus 2 machine cycles. 


1.9 
P80CL31:ROMlessversion of P80CL51 


The P80CL31 is a low voltage ROMless version of the P80CL51 
microcontroller. The mask options on the P80CL31 are fixed as 
follows: 


• 
Port options: all ports have option "1S", i.e., standard port, high 
after reset 


• 
Oscillator option: OSC3 


• 
Power-on Reset option: OFF 


1.10 
P80C51:5V standard version 


The P80C51 is a 5V version of the low voltage P80CL51 
microcontroller. All functional features of the P80CL51 are 
maintained in the P80C51 with the exception of the mask options. 
The mask options on the P80C51 are as follows: 


• 
Port options: all ports have option "1S", i.e., standard port, high 
after reset. 


• 
Oscillator options: OSC3 


• 
Power-on Reset option: OFF 


ff 


2.0 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


Voo 
Supply voltage (pin 40) 
-0.5 
+ 6.5 
V 


VI 
All input voltages 
-0.5 
Voo+0.5 
V 


11,10 
DC current into any input or output 
5 
mA 


PTOT 
Total power dissipation 
300 
mW 


TSTG 
Storage temperature range 
-65 
+150 
°C 


TAMS 
Operating ambient temperature range 
-40 
+85 
°C 


TJ 
Operating junction temperature 
125 
°C 


3.0 
DC CHARACTERISTICS 
P80CL31/P80CL51 


Vss ; OV;TAMS; -40 to +85°C; all voltages with respect to Vss unless otherwise specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Voo 
Supply voltage 
Vss; 
OV 
1.8 
6.0 
V 


Voo 
RAM retention in power down mode 
1.0 
- 
- 
V 


Supply 
current 
operating 
(Note 1, Note 4) 


100 
OSC 1 option 
felk ; 32 KHz; Voo ; 1.8V 
50 
flA 


TAMS- 25°C 


100 
OSC 2 option 
felk; 
3.58 MHz; Voo ; 3V 
- 
2.5 
mA 


100 
OSC30ption 
felk; 
16 MHz; Voo; 
5V 
24 
mA 


100 
OSC 4 option 
fe1k; 16 MHz; Voo; 
5V 
26 
mA 


Idle Mode (Note 2, Note 4) 


100 
OSC 1 option 
felk ; 32 KHz; V00 ; 1.8V 
25 
flA 


TAMS; 25°C 


100 
OSC 2 option 
felk ; 3.58 MHz; Voo ; 3V 
1.0 
mA 


100 
OSC30ption 
felk; 
16 MHz; Voo ; 5V 
. 
- 
10 
mA 


100 
OSC40ption 
felk; 
16 MHz; Voo ; 5V 
- 
- 
12 
mA 


Ipo 
Power down (Note 3, Note 4) 
Voo; 
1.8V, 
10 
flA 


TAMS; 25°C 


Inputs 


VIL 
Input voltage LOW 
Vss 
0.3Voo 
V 


VIH 
Input voltage HIGH 
0.7Voo 
- 
Voo 
V 


Voo; 
5V, VIN; 
OAV 
100 
flA 
IlL 
Input current logic 0 (Port 1, 2, 3) 


Voo; 
2.5V, VIN; 
OAV 
50 
flA 


ITL 
Input current logic 1 to 0 transition 
Voo; 
5V, VIN; 
Vool2 
1.0 
mA 
(Port 1, 2,3) 
Voo; 
2.5V, VIN; 
Vool2 
500 
flA 


+/IIL 
Input leakage current (Port 0, EA) 
Vss< 
VI < Voo 
10 
flA 


Outputs 


Voo;5V, 
VOL;OAV 
1.6 
mA 
10L 
Output sink current LOW 
Voo; 
2.5V, VOL; 
0.4V 
0.7 
mA 


·IOH 
Output source current HIGH 
Voo; 
5V; VOH; Voo -OAV 
1.6 
mA 
(push-pull options only) 
Voo; 
2.5V; VOH; Voo ·OAV 
0.7 
- 
- 
mA 


RRST 
RST pull·down resistor 
10 
- 
200 
kfl 


NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with tr; 
tf; 
10ns; VIL; 
Vss; V1H; Voo; 


XTAL 2 not connected; EA; 
RST; 
Port 0; 
Voo; all open drain outputs connected to VSS. 


2. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t,; 
tf; 
10ns; V1L; Vss. XTAL 2 not 


connected; EA; 
Port 0; 
Voo; RST; 
Vss; all open drain outputs connected to Vss. 


3. 
The power-down current is measured with all output pins disconnected; XTAL 1 not connected; EA; 
Port 0; 
Voo; RST; 
Vss; all open 
drain outputs connected to Vss. 


4. 
Circuits with Power-on Reset option "OFF" are tested at Voo minimum; 
1.8V; with option "ON" (typically 1.3V) they are tested at Voo 
minimum; 
2.3V. Please note, option "ON" is only available on P80CL51. 


4.0 
DC CHARACTERISTICS 
P80C51 


vss = OV; voo = 5V ± 10%; felk= 3.5 to 16MHz; TAMB= -40 to +B5°C; all voltages with respect to Vss unless otherwise specified. 


SYMBOL 
PARAMETER 
I 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Voo 
Supply voltage 
Vss=OV 
4.5 
5.5 
V 


Supply Current 


100 
Operating (Note 1) 
fClK = 16MHz, Voo = 5V 
- 
- 
24 
mA 


100 
Idle mode (Note 2) 
fClK = 16MHz, Voo = 5V 
- 
- 
10 
mA 


Ipo 
Power down (Note 3) 
Voo = 5V 
- 
- 
50 
IlA 


Inputs 


V1l 
Input voltage LOW 
Vss 
- 
0.3Voo 
V 


VIH 
Input voltage HIGH 
O·7Voo 
- 
Voo 
V 


III 
Input current logic 0 (Port 1, 2, 3) 
VIN = OAV 
- 
- 
100 
IlA 


III 
Input current logic 1 to 0 transition (Port 1, 2, 3) 
VIN = Voo/2 
- 
- 
1.0 
mA 


III 
Input leakage current (Port 0, EA) 
Vss<VI<Voo 
- 
- 
10 
~A 


Outputs 


IOl 
Output sink current LOW 
VOL = OAV 
1.6 
- 
- 
mA 


IOH 
Output source current HIGH 
VOH = Voo - OAV 
1.6 
- 
- 
mA 


(push-pull options only) 


RRST 
RST pull-down resistor 
10 
- 
200 
kQ 


NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with tR = tF = 10ns; 


Vil = Vss; VIH = Voo; XTAL 2 not connected; EA = RST = Port 0 = Voo; all open drain outputs connected to Vss. 


2. 
The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with tR = tF = 10ns; 
Vil = Vss. XTAL 2 not connected; EA = Port 0 = Voo; RST = Vss; all open drain outputs connected to Vss. 
3. The power-down current is measured with all output pins disconnected; XTAL 1 not connected; 
EA = Port 0 = Voo; RST = Vss; all open drain outputs connected to Vss. 
4. 
Please note, option "ON" is only available on PBOCL51. 


5.0 
AC CHARACTERISTICS 
voo = 5 V; vss = OV; Tamb= -40 to +85°C; CL = 50 pF for Port 0, ALE and PSEN; CL = 40pF for all other outputs, unless otherwise specified. 


VARIABLE CLOCK 
SYMBOL 
PARAMETER 
MIN. 
TYP. 
MAX. 
UNIT 


tLL 
ALE pulse duration 
2TcK-40 
ns 


tAL 
Address set-up time to ALE 
TCK-40 
ns 


tLA 
Address hold time to ALE 
TCK-35 
ns 


tLC 
TIme from ALE to control pulse PSEN 
TCK-25 
ns 


tllv 
Time from ALE to valid instruction input 
4TCK-100 
ns 


tcc 
Control pulse duration PSEN 
3TCK-35 
ns 


tCIV 
Time from PSEN to valid instruction input 
3TCK-125 
ns 


tCI 
Input instruction hold time after PSEN 
0 
- 
ns 


tCIF 
Input instruction float delay after PSEN 
TCK-20 
ns 


tAIV 
Address to valid instruction input 
5TCK-115 
ns 


tAFC 
Address float time to PSEN 
0 
ns 


VARIABLE CLOCK 
SYMBOL 
PARAMETER 
MIN. 
TYP. 
MAX. 
UNIT 


tRR 
RD pulse duration 
6TCK-100 
ns 


tww 
WR pulse duration 
6TCK-100 
ns 


tLA 
Address hold time after ALE 
TCK-35 
ns 


tRO 
RD to valid data input 
TCK-35 
5TCK-165 
ns 


tOFR 
Data float delay after RD 
2TCK-70 
ns 


tLD 
Time from ALE to valid data input 
8TCK-150 
ns 


tAO 
Address to valid data input 
9TcK-165 
ns 


tLW 
Time from ALE to RD and WR 
3TCK-50 
- 
3TCK+50 
ns 


tAW 
Time from address to RD and WR 
4TCK-130 
ns 


tWHLH 
Time from RD or WR HIGH to ALE HIGH 
TCK-40 
TCK-40 
ns 


towx 
Data valid to WR transition 
TCK-60 
ns 


tow 
Data set-up time before WR 
TCK-150 
ns 


two 
Data hold time after WR 
TCK-50 
ns 


tWAFR 
Address float delay after RD (Note 1) 
12 
ns 


NOTE: 
1. Interfacing the 80CL51 or P80C51 to devices with float times up to 75ns is permitted. This limited bus connection will not cause damage to 
Port 0 drivers. 
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Figure 26. P8OCL51131 Frequency 
Operating 
Range 
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Figure 28. P80CL51131 Typical Idle Current 
vs 


Frequency 
and Voo, Tamb= 25°C. 
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Figure 27. P80CL51131 Typical 
Operating 
Current 
vs 


Frequency 
and Voo• Tamb= 25°C. 
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Figure 29. PSOCL51131Typical Power-Down 
Current 


VB Frequency 
and Voo. Tsmb = 25°C. 
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8kx8 
6kx8 
8kx8 
16k x 8 
TEMPERATURE RANGE 'C 
FREQ. 
DWG. 
ROM' 
ROM' 
EPROM2 
EPROM2 
AND PACKAGE 
(MHz) 
It 


Oto +70, 
3.5 
883LSI FA-4N40 
S83LSI FB-4N40 
S87L51FA-4N40 
S87L51FB-4N40 
OTP 
to 
SOT129-1 
4o-Pin Plastic Dual In-line Package 
16 


Oto+70, 
3.5 


S87L51FA-4F40 
S87L51FB-4F40 
UV 
4O-PinCeramic Dual In-line Package 
to 
0590B 


wNiindow 
16 


Oto +70, 
3.5 
883LSI FA-4A44 
S83L51FB-4A44 
887LSI FA-4A44 
S87L51FB-4A44 
OTP 
to 
SOT187-2 
44-Pin Plastic Leaded Chip Carrier 
16 


Oto +70, 
3.5 


887L51 FA-4K44 
S87L51FB-4K44 
UV 
44-Pin Ceramic Leaded Chip Carner 
to 
1472A 


wNiindow 
16 


Oto +70, 
3.5 
883L51 FA-4B44 
S83L51FB-4B44 
887LS1FA-4B44 
S87L51FB-4B44 
OTP 
to 
SOT307-2 
44-Pin Plastic Quad Flat Pack 
16 


-40 to +85, 
3.5 
S83L51FA-5N40 
S83L51FB-5N40 
S87L51FA-5N40 
S87L51FB-5N40 
OTP 
to 
SOT129-1 
4o-Pin Plastic Dual In-line Package 
16 


-40 to +85, 
3.5 


S87L51FA-5F40 
S87L51FB-5F40 
UV 
4O-PinCeramic Dual In-line Package 
to 
0500B 


wI'Nindow 
16 


-40 to +85, 
3.5 
887L51 FA-5A44 
S87L51FB-5A44 
887L51FA-5A44 
S87L51FB-5A44 
OTP 
to 
SOT187-2 
44-Pin Plastic Leaded Chip Carner 
16 


-40 to +85, 
3.5 
883L51FA-5B44 
S83L51FB-5B44 
887LSI FA-5B44 
S87L51FB-5B44 
OTP 
to 
SOT307-2 
44-Pin Plastic Quad Flat Pack 
16 


Oto +70, 
3.5 
883L51FA-7N40 
S83L51FB-7N40 
S87L51FA-7N40 
S87L51FB-7N40 
OTP 
to 
SOT129-1 
4o-Pin Plastic Dual In-line Package 
20 


Oto +70, 
3.5 


S87L51FA-7F40 
S87L51FB-7F40 
UV 
4o-Pln Ceramic Dual In-line Package 
to 
0590B 


wNiindow 
20 


Oto +70, 
3.5 
S83L51FA-7 A44 
S83L51FB-7 A44 
887L51FA-7A44 
S87L51FB-7 A44 
OTP 
to 
SOT187-2 
44-Pin Plastic Leaded Chip Carrier 
20 


Oto +70, 
3.5 


887L51FA-7K44 
S87L51FB-7K44 
UV 
44-Pin Ceramic Leaded Chip Carner 
to 
1472A 


wNiindow 
20 


-40 to +85, 
3.5 
883L51 FA~N40 
S83LS1F~N40 
887L51 FA~N40 
S87L51F~N40 
OTP 
to 
SOTI29-1 
4o-Pin Plastic Dualln·line Package 
20 


-40 to +85, 
3.5 


S87L51FA~F40 
S87L51F~F40 
UV 
4O-PinCeramic Dual In·line Package 
to 
0500B 


wNiindow 
20 


-40 to +85, 
3.5 
S83L51FA~A44 
S83L51F~A44 
887L51FA~A44 
S87L51F~A44 
OTP 
to 
SOT187-2 
44-Pin Plastic Leaded Chip Carner 
20 


NOTES: 
1. Contact Philips for information on Jowvo~age Mask-ROM versions. 


The 83C51 FA and 83C51 FB are specified for 2.7V-5.5V 
operation 
@ 16MHz. 


2. 
OTP = One Time Programmable 
EPROM. 
UV = Erasable EPROM. 


DESCRIPTION 
The 87L51 FA and 87L51 FB Single-Chip 3.0V 8-Bit Microcontrollers 
are manufactured in an advanced CMOS process and are 
derivatives of the 80C51 microcontroller family. The 87L51 FAiB has 
the same instruction set as the 80C51 . 


This device provides architectural enhancements that make it 
applicable in a variety of applications for general control systems. 
The 87L51 FA contains 8k x 8 memory and the 87L51 FB contains 
16K x 8 memory, a volatile 256 x 8 readlwrite data memory, four 
8-bit I/O ports, three 16-bit timer/event counters, a Programmable 
Counter Array (PCA), a multi-source, two-priority-Ievel, 
nested 


interrupt structure, an enhanced UART and on-chip oscillator and 
timing circuits. For systems that require extra capability, the 
87L51 FAiB can be expanded using standard 3.3V TIL compatible 
memories and logic. 


Its added features make it an even more powerful microcontroller for 
applications that require pulse width modulation, high-speed I/O and 
up/down counting capabilities such as motor control. 
It also has a 


more versatile serial channel that facilitates multiprocessor 
communications. 


• 80C51 central processing unit 


• 3.0 to 4.5V Vcc range 


• 8k x 8 EPROM 
(87L51 FA) 
16k x 8 EPROM 
(87L51 FB) 


- 
Expandable externally to 64k by1es 


- 
Quick Pulse programming algorithm 


- 
Two level program security system 


• 256 x 8 RAM, expandable externally to 64k by1es 


• Three 16-bit timer/counters 


- 
T2 is an up/down counter 


• Programmable Counter Array (PCA) 


- 
High speed output 


- 
Capture/compare 


- 
Pulse Width Modulator 


- 
Watchdog TImer 


• Four 8-bit I/O ports 


• Full-duplex enhanced UART 


- 
Framing error detection 


- 
Automatic address recognition 


• Power control modes 


- 
Idle mode 


- 
Power-down mode 


• Once (On Circuit Emulation) Mode 


• Five package styles 


• OTP package available 


CERAMIC 
AND PLASTIC 
LEADED 
CHIP CARRIER 
PIN FUNCTIONS 
PLASTIC 
QUAD 
FLAT PACK 
PIN FUNCTIONS 


17 
29 
11 
23 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 
1 
NC' 
16 
P3.4IT0 
31 
P2.7/A15 
1 
P1.5/CEX2 
16 
vSS 
31 
PO.61AD6 
2 
Pl.0fT2 
17 
P3.5IT1 
32 
!'SEll 
2 
Pl.61CEX3 
17 
NC' 
32 
PO.5/AD5 
3 
Pl.1/T2EX 
18 
P3.s.WR 
33 
ALEIPROG 
3 
Pl.7/CEX4 
18 
P2.OIA8 
33 
PO.41AD4 
4 
P1.2JECI 
19 
P3.7/RO 
34 
NC' 
4 
RST 
19 
P2.1/A9 
34 
PO.3IAD3 


5 
P1.3ICEXO 
20 
XTAl2 
35 
~pp 
5 
P3.OIRxD 
20 
P2.21A10 
35 
PO.21AD2 
6 
P1.4/CEX1 
21 
XTALl 
36 
PO.7/AD7 
6 
NC' 
21 
P2.31Al1 
36 
PO.l/AD1 


7 
Pl.51CEX2 
22 
vSS 
37 
PO.61A06 
22 
P2.41A12 
37 
PO.OIADO 
7 
P3.1/TxD 
8 
P1.61CEX3 
23 
NC' 
38 
PO.51AD5 
P3.2I1l'm! 
38 
vcc 
39 
PO.41AD4 
8 
23 
P2.5/A13 
9 
Pl.7/CEX4 
24 
P2.OIAB 
P3.3IlmT 
39 
NC' 
40 
PO.3IAD3 
9 
24 
P2.61A14 
10 
RST 
25 
P2.1/A9 
P2.7/A15 
40 
Pl.0IT2 
41 
PO.21AD2 
10 
P3.4/TO 
25 
11 
P3.OIRxD 
26 
P2.21Al0 
!'SEll 
41 
Pl.1fT2EX 
42 
PO.1IADl 
11 
P3.5/Tl 
26 
12 
NC' 
27 
P2.31Al1 
12 
P3.s.WR 
27 
ALEIPROG 
42 
Pl.2lECI 


13 
P3.1/TxO 
28 
P2.41A12 
43 
PO.OIADO 
43 
P1.3ICEXO 


P3.2I1l'm! 
44 
vcc 
13 
P3.7/RO 
28 
NC' 
14 
29 
P2.51A13 
14 
XTAl2 
29 
~pp 
44 
P1.41CEXl 
15 
P3.3IlmT 
30 
P2.61A14 
15 
XTAL1 
30 
PO.7/AD7 


• DO NOT CONNECT 
SUOOO23 
• DO NOT CONNECT 
SU00024 


PIN DESCRIPTIONS 


PIN 
NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME 
AND 
FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


VCC 
40 
44 
38 
I 
Power 
Supply: 
This 
is the power 
supply 
voltage 
for normal, 
idle, 
and 
power-down 
operation. 


PO.Q-O.7 
39-32 
43-36 
37-30 
I/O 
Port 
0: Port 
0 is an open-drain, 
bidirectional 
I/O port. 
Port 
0 pins 
that 
have 
1s written 
to 


them 
float 
and can 
be used 
as high-impedance 
inputs. 
Port 
0 is also 
the 
multiplexed 
low-order 
address 
and 
data 
bus during 
accesses 
to external 
program 
and 
data 
memory. 
In 


this application, 
it uses 
strong 
internal 
pull-ups 
when 
emitting 
1s. Port 
0 also 
outputs 
the 


code 
bytes 
during 
program 
verification 
and 
receives 
code 
bytes 
during 
EPROM 


programming. 
Extemal 
pull-ups 
are 
required 
during 
program 
verification. 


P1.o-P1.7 
1-8 
2-9 
40-44, 
I/O 
Port 
1: Port 
1 is an 8-bit 
bidirectional 
I/O port with 
intemal 
pull-ups. 
Port 
1 pins 
that 
have 
1s 
1-3 
written 
to them 
are 
pulled 
high 
by the 
intemal 
pull-ups 
and 
can 
be used 
as inputs. 
As inputs, 


port 
1 pins 
that 
are externally 
pulled 
low will source 
current 
because 
of the 
internal 
pull-ups. 


(See 
DC Electrical 
Characteristics: 
IILl. Port 
1 also 
receives 
the 
low-order 
address 
byte 


during 
program 
memory 
verification. 
Altemate 
functions 
include: 


1 
2 
40 
I 
T2 (P1.0): 
Timer/Counter 
2 external 
count 
input/Clockout 


2 
3 
41 
I 
T2EX 
(P1.1): 
Timer/Counter 
2 Reload/Capture/Direction 
Control 


3 
4 
42 
I 
ECI (P1.2): 
External 
Clock 
Input 
to the 
PCA 


4 
5 
43 
I/O 
CEXO 
(P1.3): 
Capture/Compare 
External 
I/O for PCA 
module 
0 


5 
6 
44 
I/O 
CEX1 
(P1.4): 
Capture/Compare 
Extemall/O 
for PCA 
module 
1 


6 
7 
1 
I/O 
CEX2 
(P1.5): 
Capture/Compare 
Extemall/O 
for 
PCA 
module 
2 


7 
8 
2 
I/O 
CEX3 
(P1.6): 
Capture/Compare 
Extemal 
I/O for PCA 
module 
3 


8 
9 
3 
I/O 
CEX4 
(P1.7): 
Capture/Compare 
Extemall/O 
for PCA 
module 
4 


P2.o-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 
2: Port 
2 is an 8-bit 
bidirectional 
I/O port 
with 
internal 
pull-ups. 
Port 
2 pins 
that 
have 
1s 


written 
to them 
are 
pulled 
high 
by the 
intemal 
pull-ups 
and 
can 
be used 
as inputs. 
As inputs, 


port 
2 pins 
that 
are extemally 
being 
pulled 
low will source 
current 
because 
of the 
internal 


pull-ups. 
(See 
DC Electrical 
Characteristics: 
I,Ll. Port 
2 emits 
the 
high-order 
address 
byte 


during 
fetches 
from 
external 
program 
memory 
and during 
accesses 
to extemal 
data 
memory 


that 
use 
16-bit 
addresses 
(MOVX 
@DPTR). 
In this 
application, 
it uses 
strong 
internal 


pull-ups 
when 
emitting 
1s. During 
accesses 
to extemal 
data 
memory 
that 
use 8-bit 
addresses 


(MOV 
@Ri), 
port 
2 emits 
the contents 
of the 
P2 special 
function 
register. 
Some 
Port 
2 pins 


receive 
the 
high 
order 
address 
bits during 
EPROM 
programming 
and 
verification. 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


P3.o-P3.7 
10-17 
11, 
S, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pUll-ups. Port 3 pins that have 1s 
13-19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: 
IILl. Port 3 also serves the special features of the 80CS1 
family, as listed below: 
10 
11 
S 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
INTO (P3.2): Extemal interrupt 


13 
1S 
9 
I 
INTf (P3.3): Extemal interrupt 


14 
16 
10 
I 
TO (P3.4): TImer a external input 


1S 
17 
11 
I 
T1 (P3.S): TImer 1 external input 


16 
18 
12 
0 
WR" (P3.6): External data memory write strobe 


17 
19 
13 
0 
RO (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an extemal 
capacitor to Vee. 


ALEII"'ROG 
30 
33 
27 
I/O 
Address 
Latch Enable/Program 
Pulse: Output pulse for latching the low by1e of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is s~~~~Jting 
each access to external data memory. This pin is 


also the program pulse input 
during EPROM programming. 
J5Srn 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to external program memp~'E~hen 
the 


87LS1FA/FB is executing code from the external program memory, 
is activated twice 


each machine cycle, eXps~~hat two J5Srn activations are skipped during each access to 
external data memory. 
is not activated during fetches from intemal program memory. 


r=ANpp 
31 
3S 
29 
I 
External 
Access 
Enable/Programming 
Supply Voltage: EA must be externally held low 


to enable the device to fetch code from external program memory locations OOOOHand 
1FFFH. If EA is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 1FFFH. This pin also receives the 
12.7SV programming supply voltage (Vpp) during EPROM programming. 
If security bit 1 is 


programmed, EA will be intemally latched on Reset. 


XTAL1 
19 
21 
1S 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than Vce + O.SVor Vss - O.SV,respectively. 


TIMER 2 
This is a 16-bit up or down counter, which can be operated as either 
a timer or event counter. It can be operated in one of three different 
modes (autoreload, capture or as the baud rate generator for the 
UART). 


In the autoreload mode the TImer can be s!ltto 
count up or down by 


setting or clearing the bit DCEN in the T2CON Special Function 
Register. The SFR's RCAP2H and RCAP2L are used to reload the 
TImer upon overflow or a 1-to-0 transition on the T2EX input (P1.1). 


In the Capture mode TImer 2 can either set TF2 and generate an 
interrupt or capture its value. To capture TImer 2 in response to a 
1-to-0 transition on the T2EX input, the EXEN2 bit in the T2CON 
must be set. TImer 2 is then captured in SFR's RCAP2H and 
RCAP2L. 


As the baud rate generator, TImer 2 is selected by setting TCLK 
and/or RCLK in T2CON. As the baud rate generator TImer 2 is 
incremented at 1/2 the oscillator frequency. 


ENHANCED 
UART 
The 87LS1FA/FB UART has all of the capabilities of the standard 
80CS1 UART plus Framing Error Detection and Automatic Address 
Recognition. As in the 80CS1 , all four modes of operation are 
supported as well as the 9th bit in modes 2 and 3 that can be used 
to facilitate multiprocessor communication. 


The Framing Error Detection allows the UART to look for missing 
stop bits. If a Stop bit is missing, the FE bit in the SCON SFR is set. 
The FE bit can be checked after each transmission to detect 
communication 
errors. The FE bit can only be cleared by software 


and is not affected by a valid stop bit. 


Automatic Address Recognition is used to reduce the CPU service 
time for the serial port. The CPU only needs to service the UART 
when it is addressed and, with this done by the on-chip circuitry, the 
need for software overhead is greatly reduced. This mode works 
similar to the 9-bit communication 
mode, except that it uses only 8 


bits and the Stop bit is used to cause the RI bit to be set. There are 
two SFRs associated with this mode. They are SADDR, which holds 
the slave address and SADEN, which contains a mask that allows 
selective masking of the slave address so that broadcast addresses 
can be used. 


PROGRAMMABLE 
COUNTER 
ARRAY 


The PCA is a sophisticated free-running 
16 bit Timer/Counter that 


drives S modules that can be individually configured as Capture 
inputs, software timers, high speed outputs, or pulse width 
modulated outputs. In addition, module 4 can be configured as a 
software controlled watchdog timer. 


The Timer portion of the PCA can be configured to run in one of four 
different modes. The modes are: 1/2the oscillator frequency, 1/4the 
oscillator frequency, Timer 0 overfiows, or from the ECI input. 


For the Capture/Compare 
mode each of the modules has a pair of 
registers associated with it called CCAPnH and CCAPnl 
(where 


n = 0, 1,2,3,4 
depending on the module). Both positive and 


negative transitions can be captured. This means that the PCA has 
the flexibility to measure phase differences, duty cycles, pulse 
widths and a wide variety of other digital pulse characteristics. 


In the 16-bit software timer mode each of the modules can generate 
an interrupt upon a compare. 


For applications that require accurate pulse widths and edges the 
PCA modules can be used as High Speed Outputs (HSO). The PCA 
toggles the appropriate CEXn pin when there is a match between 
the PCA timer and the modules compare registers. 


The pulse width modulator mode for the PCA allows the conversion 
of digital information into analog signals. Each of the S modules can 
be used in this mode. The frequency of the PWM depends on the 
clock source for the PCA. The 8-bit PWM output is generated by 
comparing the low byte of the PCA (Cl) with the module's CCAPnl 
SFR. When Cl < CCAPnl, 
the output is high. When Cl > CCAPnl, 
the output is low. 


POWER 
OFF FLAG 
The Power Off Flag (POF) is set by on-chip circuitry when the Vcc 
level on the 8llS1 
FAlFB rises from 0 to 3.3V. The POF bit can be 


set or cleared by software allowing a user to determine if the reset is 
the result of a power-on or a warm start after powerdown. The Vcc 
level must remain above 2.0V for the POF to remain unaffected by 
the Vcc level. 


OSCILLATOR 
CHARACTERISTICS 


XTAl1 and XTAL2 are the input and output, respectively, of an 
inverting amplifier. The pins can be configured for use as an on-Chip 
oscillator. 


To drive the device from an ex1emal clock source, XTAL 1 should be 
driven while XTAL2 is left unconnected. There are no requirements 
on the duty cycle of the ex1emal clock signal, because the input to 
the internal clock circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and low times specified in 
the data sheet must be observed. 


Reset 
A reset is accomplished 
by holding the RST pin high for at least two 


machine cycles (24 oscillator periods), while the oscillator is running. 
To insure a good power-on reset, the RST pin must be high long 
enough to allow the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At power-on, the voltage on 
Vcc and RST must come up at the same time for a proper start-up. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep while all of the on-chip 
peripherals stay active. The instruction to invoke the idle mode is the 
last instruction executed in the normal operating mode before the 
idle mode is activated. The CPU contents, the on-chip RAM, and all 
of the special function registers remain intact during this mode. The 
idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the interrupt Service routine 
and continued), or by a hardware reset which starts the processor in 
the same manner as a power-on reset. 


Power-Down 
Mode 
To save even more power, a POwer Down mode can be invoked by 
software. In this mode, the oscillator is stopped and the instruction 
that invoked Power Down is the last instruction executed. The 
on-chip RAM and Special Function Registers retain their values until 
the Power Down mode is terminated. 


On the 8llS1 
FAlFB either a hardware reset or extemal interrupt can 


use an exit from Power Down. Reset redefines all the SFRs but 
does not change the on-chip RAM. An ex1emal interrupt allows both 
the SFRs and the on-chip RAM to retain their values. 


To properly terminate Power Down the reset or ex1ernal interrupt 
should not be executed before Vcc is restored to its normal 
operating level and must be held active long enough for the 
oscillator to restart and stabilize (normally less than 10ms). 


With an external interrupt, INTO and INT1 must be enabled and 
configured as level-sensitive. 
Holding the pin low restarts the 


oscillator but bringing the pin back high completes the exit. Once the 
interrupt is serviced, the nex1 instruction to be executed after RETI 
will be the one following the instruction that put the device into 
Power Down. 


Design 
Consideration 


• When the idle mode is terminated by a hardware reset, the device 


normally resumes program execution, from where it left off, up to 
two machine cycles before the internal rest algorithm takes 
control. On-chip hardware inhibits access to internal RAM in this 
event, but access to the port pins is not inhibited. To eliminate the 
possibility of an unexpected write when Idle is terminated by reset, 
the instruction following the one that invokes Idle should not be 
one that writes to a port pin or to ex1ernal memory. 


ONCE"" Mode 
The ONCE ("On-Circuit Emulation") Mode facilitates testing and 
debugging of systems using the 8llS1 
FAlFB without the 


8llS1 
FAlFB having to be removed from the circuit. The ONCE 


Mode is invoked by: 
1. 
Pull ALE low while the device is in reset and PSE\I is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 0 pins go into a float 
state, and the other port pins and ALE and PSE\I are weakly pulled 
high. The oscillator circuit remains active. While the 8llS1 
FAlFB is 


in this mode, an emulator or test CPU can be used to drive the 
circuit. Normal operation is restored when a normal reset is applied. 


PROGRAM 


MODE 
MEMORY 
ALE 
"PSEIiJ 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 or --40 to +85 
°C 


Storage temperature range 
-65 to +150 
°C 


Voltage on ~pp 
pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Maximum IOLper 1/0 pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not 
1.5 
W 
device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to V55 unless otherwise 
noted. 


Electrical 
Deviations 
from Commercial 
Specifications 
for EX1ended Temperature 
Range 


DC and AC parameters not included here are the sarne as in the commercial temperature range table. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C, -40 to +85°C, VCC = 3.0V to 4.5V, VSS = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typ1 
MAX 
UNIT 


VIL 
Input low voltage, except J:A2.3 
-{).5 
0.8 
V 


VIL1 
Input low voltage to J:A2.3 
0 
0.8 
V 


VIH 
Input high voltage, except XTAL 1, RsT2.4 
2.0 
Vcc+0.5 
V 


VIH1 
Input high voltage, XTAL 1, RST2,4 
0.7Vcc 
Vcc+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 35 
IOL= 1.6mA6 
0045 
V 


VOL1 
Output low voltage, port 0, ALE, J5SE\15 
IOL=3.2mA6 
. 
0.45 
V 


VOH 
Output high voltage, ports 1, 2, 3, ALE, 15SEW 
IOH= -2011A 
Vcc-0.5 
V 


VOH1 
Outputp~~~70ltage 
(port 0 in external 
bus mode), 
IOH=-3·2mA 
VCC - 0.7 
V 
ALES, 


IlL 
Logical 0 input current, ports 1, 2, 32 
VIN = Oo4V 
-50 
I1A 


ITL 
Logical 1-to-O transition current, ports 1, 2, 32 
See note 9 
-650 
I1A 


III 
Input leakage current, port 0 
0.45 VIN < VCC- 0.3 
±10 
I1A 


Icc 
Power supply current:2 
See note 11 


Active mode @ 20MHz10 
9 
22 
mA 
Idle mode @ 20MHz 
2 
6 
mA 
Power-down mode 
10 
75 
I1A 


RRST 
Internal reset pull-down resistor 
40 
225 
kO 


CIO 
Pin capacitance 12 (except EA) 
15 
pF 


NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 3.3V. 
2. 
These values apply only to Tamb= O°C to +70°C. 
3. 
For VCC voltages above 3.6V and less than 5.5V, V1L= 0.3Vcc - 0.1 


4. 
For VCC voltages above 3.6V and less than 5.5V, VIH = 0.3Vcc + 0.92 


5. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
15mA ('NOTE: This is 85°C specification.) 


Maximum IOLper 8-bit port: 
26mA 


Maximum totallOL for all outputs: 
71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


6. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VoLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the n'oise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 


7. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and J5SE\I to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 


8. ALE is tested to VOH1,except when ALE is off then VOH is the voltage specification. 
9. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 
1.5V. 
1O.ICCMAXat other frequencies is given by: Active mode: ICCMAX= 0.8 x FREO + 6: Idle mode: ICCMAX= 0.19 x FREO +2.50, 
where FREO is the external oscillator frequency in MHz. ICCMAXis given in mA. See Figure 8. 
11. See Figures 9 through 12 for Icc test conditions. 
12. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF (except EA is 25pF). 
These values are 
guaranteed by design and are not tested. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb; O·C to +70·C, -40 to +85·C, VCC; 3.0V to 4.5V, VSS; OV', 2.3 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1!tcLCL 
1 
Oscillator frequency 
-4,-5 
3.5 
16 
MHz 


-7,-8 
3.5 
20 
MHz 


tLHLL 
1 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
1 
Address valid to ALE low 
22 
lcLCL-40 
ns 


tLLAX 
1 
Address hold after ALE low 
32 
lcLCL-30 
ns 


tLLlV 
1 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


tLLPL 
1 
ALE low to J5SEliIlow 
32 
lcLCL-30 
ns 


tPLPH 
1 
J5SEliI pulse width 
142 
3lcLCL-45 
ns 


tPLIv 
1 
J5SEliIlow to valid instruction in 
82 
3lcLCL-105 
ns 


tpXIX 
1 
Input instruction hold after J5SEliI 
0 
0 
ns 


tPXIZ 
1 
Input instruction float after J5SEliI 
37 
lcLCL-25 
ns 


tAVIV 
1 
Address to valid instruction in 
207 
5lcLCL-105 
ns 


tpLAZ 
1 
J5SEliIlow to address float 
10 
10 
ns 


Data Memory 


tRLRH 
2,3 
Fm pulse width 
275 
6lcLCL-100 
ns 


tWLwH 
2,3 
WR pulse width 
275 
6lcLCL-100 
ns 


tRLDV 
2,3 
Fm low to valid data in 
147 
5lcLCL-165 
ns 


tRHDX 
2,3 
Data hold after Fm 
0 
0 
ns 


tRHDZ 
2,3 
Data float after Fm 
65 
2lcLCL-80 
ns 


tLLDV 
2,3 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVDV 
2,3 
Address to valid data in 
397 
9lcLCL-165 
ns 


tUWL 
2,3 
ALE low to Fm or WR low 
137 
237 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
2,3 
Address valid to WR low or Fm low 
122 
4lcLCL-130 
ns 


tavwx 
2,3 
Data valid to WR transition 
13 
lcLCL-50 
ns 


tWHQX 
2,3 
Data hold after WR 
13 
lcLCL-50 
ns 


taVWH 
3 
Data valid to WR high 
287 
7lcLCL-150 
ns 


tRLAZ 
2,3 
Fm low to address float 
0 
0 
ns 


tWHLH 
2,3 
Fm or WR high to ALE high 
23 
103 
teLCL-40 
lcLCL+40 
ns 


Ex1emal Clock 


teHCX 
5 
High time 
12 
20 
ns 


teLCX 
5 
Low time 
12 
20 
ns 


teLCH 
5 
Rise time 
20 
20 
ns 


teHCL 
5 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
4 
Serial port clock cycle time 
1 
12lcLCL 
I!s 


taVXH 
4 
Output data setup to clock rising edge 
492 
1OlcLCL-133 
ns 


tXHQX 
4 
Output data hold after clock rising edge 
8 
2lcLCL-117 
ns 


tXHDX 
4 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
4 
Clock rising edge to input data valid 
492 
1OteLCL-133 
ns 
NOTES: 
1. 
Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and J5SEliI ; 100pF, load capacitance for all other outputs; 
80pF. 
3. 
Interfacing the 87L51 FA/FB to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The first character is always 
l' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. The 
designations are: 
A - 
Address 
C- 
Clock 
D - 
Input data 
H - 
Logic level high 
I - 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 


P-l'Srn 
a - Output data 
R- 
J=!Usignal 
t 
- 
Time 
V - 
Valid 
w- WR: signal 
X - 
No longer a valid logic level 
Z - 
Float 
Examples: 
tAVLL= Time for address valid to ALE low. 
tLLPL= Time for ALE low to l'Srn low. 


hWl 
IWlWH 


WR 


lLLAX 
IAVll 
tavwx 


taVWH 


PORTO 
DATAOUT 
Ao-A7 FROM pel 
INSTR IN 


t 


WRITE TO SBUF 


I 
-II-IXHQX 
taVXH ~I 


INPUT 
DATA 
'------t' 


CLEAR 
RI 


VCC-<>·5 
- 
- 
- 
- 


O.7VCC 


O.45V 
O.2VCc-<>.1 


VCC-0 


3=X 
>C 
o 3VCc+O 92 


03V 
.~0_3V_C_C-O 
__ 
1 
~ 


NOTE: 
AC inputs 
during 
testing 
are driven 
at Vex; -0.3 
for a logic '1' and O.3V for a logic '0'. 


Tll'Tlingmeasurements are made at VIH min fO(a Iogtc '1' and VL for a logic '0'. 


TIMING 


REFERENCE 
POINTS 


NOTE: 
For timing 
purposes, 
a portis 
no longer 
floating 
when 
a ,0000v change 
from 
load voltage 
occurs, 
and begins 
10 float when 
a l00mV 
change 
from the loaded 
Vot-IVOllevel 
occurs. 
lot-t'IOl 
~ ±2OmA. 


Note: 
3.3V 
operation 
will reduce 
Ice 


vs. XTAl 
frequency. 
This curve 
will 
change 
as characterization 
data be- 


comes 
available. 


MAX IDLE 
MODE 
IOOIOlE 
= 0.19 
X FREQ. 
+ 2.5 


TYP IDLE 
MODE 


Figure 9. 
Icc Test Condition, 
Active 
Mode 
All other pins are disconnected 
Figure 10. 
Icc Test Condition, 
Idle Mode 


All other pins are disconnected 


VC~·5 
- 
- 
- 
- 
o.7Vee 


O.45V 
O.2VC~.' 


Figure 11. 
Clock Signal Waveform 
for Icc Tests In Active and Idle Modes 


feLCH = feHCL = 5ns 


RST 


PO 
- 
EJ( 


(NC) 
XTAL2 


XTAL' 
- 


vss 


Figure 12. 
Icc Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 4.5V 


EPROM CHARACTERISTICS 
The 87L51 FA/FB is programmed by using a modified Quick-Pulse 
Programming'· 
algorithm. It differs from older methods in the value 
used for Vpp (programming supply voltage) and in the width and 
number of the ALEfl51iOG pulses. 


The 87L51 FA/FB contains two signature by1esthat can be read and 
used by an EPROM programming system to identify the device. The 
signature by1es identify the device as an 87L51 FA/FB manufactured 
by Philips. 


Table 2 shows the logic levels for reading the signature by1e, and for 
programming the program memory, the encryption table, and the 
security bits. The circuit configuration and waveforms for quick-pulse 
programming are shown in Figures 13 and 14. Figure 15 shows the 
circuit configuration for normal program memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse programming is shown in 
Figure 13. Note that the 87L51 FA/FB is running with a 4to 6MHz 
oscillator. The reason the oscillator needs to be running is that the 
device is executing internal address and program data transfers. 


The address of the EPROM location to be programmed is applied to 
ports 1 and 2, as shown in Figure 13. The code by1eto be 
programmed into that location is applied to port O. RST, I'SEJ\I and 
pins of ports 2 and 3 specified in Table 2 are held at the 'Program 
Code Data' levels indicated in Table 2. The ALEfl51iOG is pulsed 
low from 5 to 25 times as shown in Figure 14. 


To program the encryption table, repeat the 5 to 25 pulse 
programming sequence for addresses 0 through 1FH, using the 
'Pgm Encryption Table' levels. Do not forget that after the encryption 
table is programmed, verification cycles will produce only encrypted 
data. 


To program the security bits, repeat the 5 to 25 pulse programming 
sequence using the 'Pgm Security Bit' levels. After one security bit is 
programmed, further programming of the code memory and 
encryption table is disabled. However, the other security bit can still 
be programmed. 


Note that the EAlVpp pin must not be allowed to go above the 
maximum specified Vpp level for any amount of time. Even a narrow 
glitch above that voltage can cause permanent damage to the 
device. The Vpp source should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 
If security bit 2 has not been programmed, the on-chip program 
memory can be read out for program verification. The address of the 
program memory locations to be read is applied to ports 1 and 2 as 
shown in Figure 15. The other pins are held at the 'Verify Code Data' 
levels indicated in Table 2. The contents of the address location will 
be emitted on port O. External pUll-ups are required on port 0 for this 
operation. 


If the encryption table has been programmed, the data presented at 
port 0 will be the exclusive NOR of the program by1e with one of the 
encryption by1es.The user will have to know the encryption table 
contents in order to correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 
The signature by1es are read by the same procedure as a normal 
verification of locations 030H and 031 H, except that P3.6 and P3.7 
need to be pulled to a logic low. The values are: 
(030H) = 15H indicates manufactured by Philips 
(031 H) = 
B1H indicates 87L51 FA 
= 
B2H indicates 87L51 FB 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the conditions listed in Table 2, and 
which satisfies the timing specifications, 
is suitable. 


Erasure 
Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 
4,000 angstroms. 


Since sunlight and fluorescent lighting have wavelengths 
in this 


range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. For this and secondary 
effects, 


it is recommended 
that an opaque 
label be placed over the 


window. 
For elevated temperature or environments where solvents 


are being used, apply Kapton tape Fluorglas part number 2345-5, 
or 
equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-s/cm2. 
Exposing the EPROM to an ultraviolet lamp of 12,0001lW/cm2 rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
J5SEN 
ALEIPROG 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
04 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
04 
Vpp 
1 
0 
1 
0 


Pgm security bit 1 
1 
0 
04 
Vpp 
1 
1 
1 
1 


Pgm security bit 2 
1 
0 
04 
Vpp 
1 
1 
0 
0 
NOTES: 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. 
Vpp = 12.75V ±0.25V. 
3. 
Vcc = SV±10% 
during 
programming 
and verification. 


4. 
ALEfl51iOG receives 5 to 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 10011S(±1011S)and high for 
a minimum of 1011S. 


Vcc 


Pl 
PO 


RST 
E1;Npp 


P3.6 
ALEII'ROO 


P3.7 
871.51FA 
PSel 
87L51FB 
XTAl2 
P2.7 


P2.6 


XTAll 
P2.lH'2.5 


VSS 


1 1··----------- 
51025 
PULSES 
------------~ 


c' 


, 
'ilI'sMIN -1 1,..---- 
'OOV-s±10 ----·1 


Ol 
~n~ 
~n_ 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +2JOC, 
V CC = 5V±1 0%, 
V SS = OV (See 
Figure 
16) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1ltCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to J5ROG 
low 
48teLCL 


lGHAX 
Address 
hold 
after 
J5ROG 
48teLCL 


tOVGL 
Data 
setup 
to J5ROG 
low 
48teLCL 


lGHDX 
Data 
hold 
after 
J5ROG 
48teLCL 


tEHSH 
P2.7 (EmrnCE) 
high 
to Vpp 
48teLCL 


tSHGL 
Vpp 
setup 
to J5ROG 
low 
10 
llS 


lGHSL 
Vpp 
hold 
after 
J5ROG 
10 
lls 


lGLGH 
J5R0Gwidth 
90 
110 
llS 


tAVQV 
Address 
to data 
valid 
48teLCL 


tELQZ 
EliIAElLE 
low to data 
valid 
48teLCL 


tEHQZ 
Data 
float 
after EliIAElLE 
0 
48teLCL 


lGHGL 
J5ROG 
high 
to J5ROG 
low 
10 
lls 


VERIFICATION' 


ADDRESS 


lGHDX 


lGHAX 


NOTE: 


FOR PROGRAMMING 
VERIFICATION 
see FIGURE 
13. 
FORVERIFICATIONCONDITIONS SEE FIGURE 15. 


DESCRIPTION 
The Philips 80C32187C52 is a high-performance 
microcontroller 


fabricated with Philips high-density CMOS technology. The Philips 
CMOS technology combines the high speed and density 
characteristics 
of HMOS with the low power attributes of CMOS. 
Philips epitaxial substrate minimizes latch-up sensitivity. 


The 87C52 contains an 8k x 8 EPROM and the 80C32 is ROMless. 
Both contain a 256 x 8 RAM, 32 I/O lines, three 16-bit 
counter/timers, a six-source, two-priority level nested interrupt 
structure, a serial I/O port for either multi-processor 
communications, 
I/O expansion or full duplex UART, and on-chip 


oscillator and clock circuits. 


In addition, the 80C32187C52 has two software selectable modes of 
power reduction-idle 
mode and power-down mode. The idle mode 


freezes the CPU while allowing the RAM, timers, serial port, and 
interrupt system to continue functioning. The power-down mode 
saves the RAM contents but freezes the oscillator, causing all other 
chip functions to be inoperative. 


See 80C52180C54/80C58 datasheet for ROM device specifications. 


• 80C51 based architecture 


• 8032 compatible 


- 
8k x 8 EPROM (87C52) 


- 
ROMless (80C32) 


- 256x8 
RAM 


- Three 16-bit counter/timers 


- 
Full duplex serial channel 


- 
Boolean processor 


• Memory addressing capability 


- 
64k ROM and 64k RAM 


WRiP3.6 
1 


RU1P3.7 1 


XTAl2 
1 


XTAL1 
1 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 


• CMOS and TIL compatible 


• Three speed ranges: 


- 
3.5 to 16MHz 


- 
3.5 to 24MHz 


- 
3.5 to 33MHz 


• Five package styles 


• Extended temperature ranges 


• OTP package available 


TEMPERATURE 
RANGE ·C 
FREQ 
DRAWING 
ROMless 
EPROM1 
AND PACKAGE 
MHz 
NUMBER 


PBOC32EBP N 
PB7C52EBP N 
OTP 
o to +70, Plastic Dual In-line Package 
16 
SOT129-1 


PBOC32EBA A 
PB7C52EBA A 
OTP 
o to +70, Plastic Leaded Chip Carrier 
16 
SOT1B7-2 


PB7C52EBF 
FA 
UV 
o to +70, Ceramic Dual In-line Package 
16 
0590B 


PB7C52EBL 
KA 
UV 
o to +70, Ceramic Leaded Chip Carrier 
16 
1472A 


PBOC32EBB B 
PB7C52EBB B 
OTP 
o to +70, Plastic Quad Flat Pack 
16 
SOT307-2 


PBOC32EFP N 
PB7C52EFP N 
OTP 
-40 to +B5, Plastic Dual In-line Package 
16 
SOT129-1 


PBOC32EFA A 
PB7C52EFA A 
OTP 
-40 to +B5, Plastic Leaded Chip Carrier 
16 
SOT187-2 


PB7C52EFF 
FA 
UV 
-40 to +B5, Ceramic Dual In-line Package 
16 
0590B 


PBOC32EFB B 
PB7C52EFB B 
OTP 
-40 to +B5, Plastic Quad Flat Pack 
16 
SOT307-2 


PBOC321BP N 
PB7C521BP 
N 
OTP 
o to +70, Plastic Dual In-line Package 
24 
SOT129-1 


PBOC321BA A 
PB7C521BA A 
OTP 
o to +70, Plastic Leaded Chip Carrier 
24 
SOT1B7-2 


PBOC321BB B 
o to +70, Plastic Quad Aat Pack 
24 
SOT307-2 


PB7C521BF 
FA 
UV 
o to +70, Ceramic Dual In-line Package 
24 
0590B 


PB7C521BL 
KA 
UV 
o to +70, Ceramic Leaded Chip Carrier 
24 
1472A 


PBOC321FP N 
PB7C521FP 
N 
OTP 
-40 to +B5, Plastic Dual In-line Package 
24 
SOT129-1 


PBOC321FA A 
PB7C521FA 
A 
OTP 
-40 to +B5, Plastic Leaded Chip Carrier 
24 
SOT1B7-2 


PBOC321FB B 
-40 to +B5, Plastic Quad Flat Pack 
24 
SOT307-2 


PB7C521FF 
FA 
UV 
-40 to +B5, Ceramic Dual In-line Package 
24 
0590B 


PBOC32NBAA 
o to +70, Plastic Leaded Chip Carrier 
33 
SOT1B7-2 


P80C32NBP N 
o to +70, Plastic Dual In-line Package 
33 
SOT129-1 


PBOC32NBB B 
o to +70, Plastic Quad Flat Pack 
33 
SOT307·2 


PBOC32NFA A 
-40 to +B5, Plastic Leaded Chip Carrier 
33 
SOT1B7-2 


P80C32NFP 
N 
-40 to +B5, Plastic Dual In-line Package 
33 
SOT129-1 


PBOC32NFB B 
-40 to +B5, Plastic Quad Flat Pack 
33 
SOT307-2 


NOTE: 
1. OTP = One Time Programmable 
EPROM. 
UV = UV erasable EPROM 


2. 
For 33M Hz ROM BOC52 operation, see BOC521BOC54/BOC5Bdata sheet. 


CERAMIC 
AND PLASTIC 
LEADED 
CHIP CARRIER 
PLASTIC 
QUAD 
FLAT PACK 


PIN FUNCTIONS 
PIN FUNCTIONS 


39 
33 


11 
23 
17 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 
1 
NC· 
16 
T0IP3.4 
31 
P2.7/A15 
1 
Pl.5 
16 
VSS 
31 
PO.61AD6 
2 
T2IP1.0 
17 
T11P3.5 
32 
I'Srn 
2 
P1.6 
17 
NC· 
32 
PO.51AD5 


3 
T2EXlP1.1 
18 
WRiP3.6 
33 
ALEJ1'ROO 
3 
P1.7 
18 
P2.0/A8 
33 
PO.41AD4 


4 
P1.2 
19 
RU/P3.7 
34 
NC· 
4 
RST 
19 
P2.lIA9 
34 
PO.31AD3 


5 
P1.3 
20 
XTAL2 
35 
EJWpp 
5 
RxD1P3.0 
20 
P2.2/Al0 
35 
PO.21AD2 


6 
P1.4 
21 
XTALl 
36 
PO.l/AD? 
6 
NC· 
21 
P2.31Al1 
36 
PO.l/AD1 


7 
Pl.5 
22 
Vss 
37 
PO.61AD6 
7 
TxD1P3.1 
22 
P2.41A12 
37 
PO.n'ADO 


8 
Pl.6 
23 
NC· 
38 
PO.51AD5 
8 
mT01P3.2 
23 
P2.5/A13 
38 
Vcc 


9 
Pl.? 
24 
P2.n'A8 
39 
PO.41AD4 
9 
mTl1P3.3 
24 
P2.6fA14 
39 
NC· 


10 
RST 
25 
P2.lIA9 
40 
PO.:lIAD3 
10 
T0IP3.4 
25 
P2.7/A15 
40 
T2IP1.0 


11 
Rx01P3.0 
26 
P2.21A10 
41 
PO.21AD2 
11 
T11P3.5 
26 
I'Srn 
41 
T2EXIP1.1 


12 
NC· 
27 
P2.:lIAI1 
42 
PO.lIAD1 
12 
WRiP3.6 
27 
ALEIPROO 
42 
Pl.2 


13 
TxDlP3.1 
28 
P2.41A12 
43 
PO.n'ADO 
13 
RU1P3.7 
26 
NC· 
43 
P1.3 


14 
mTOIP3.2 
29 
P2.51A13 
44 
Vcc 
14 
XTAL2 
29 
EJW •••• 
44 
Pl.4 


15 
TJilTf1P3.3 
30 
P2.61A14 
15 
XTAl1 
30 
PO.l/AD? 


• DO NOT CONNECT 
SU00061 
• DO NOT CONNECT 


SUOOO62 


XTAll 


~ 


l'SER 


AlE 
-g; 


RST 


r------------- 
I 
I 


VCCII 
VsslJl 


I 


SCON 
TMOO 
TCON 


THO 
TLO 
TH1 


TH2 
T12 
RCAP2H 


SBUF 
IE 
IP 


INTERRUPT, 
SERIAL 
PORT ANO TIMER 
BLOCKS 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
__________ 
--.J 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC* 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B* 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer (2 bytes) 
DPH 
Data pointer high 
83H 
OOH 
DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE* 
Interrupt enable 
A8H 
EA 
I - 
I ET2 I 
ES I 
ET1 
I EX1 I ETO I 
EXO 
OxOOOOOOB 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP* 
Interrupt priority 
B8H 
- 
I 
- 
I PT2 I 
PS 
I 
PT1 
I PX1 I 
PTO I 
PXO 
xxOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO* 
PortO 
80H 
AD7 I AD6 I AD5 I AD4 I 
AD3 
I AD2 I AD1 I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1* 
Port 1 
90H 
- 
I - 
I - 
I - 
I 
- 
I 
- 
I T2EX I 
T2 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2* 
Port 2 
AOH 
A15 I A14 I A13 I A12 I 
A11 
I A10 I 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3* 
Port 3 
BOH 
lmlWRI 
T1 
I 
TO 
I 
lI'JTT 
I Tfrnj I TxD 
I 
RxD 
FFH 


pCONl 
Power control 
87H 
SMOD I - 
I - 
I 
- 
I 
GF1 
I GFO I 
PD 
I 
IDL 
OxxxxxxxB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW* 
Program status word 
DOH 
CY I 
AC 
I 
FO I RS1 I 
RSO 
I 
OV 
I 
- 
I 
P 
OOH 


RCAP2H# 
Capture high 
CBH 
OOH 
RCAPL# 
Capture low 
CAH 
OOH 


SBUF 
Serial data buffer 
99H 
xxxxxxxxB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCOW 
Serial controller 
98H 
SMO I SM1 I SM2 I REN I 
TB8 
I RB8 I 
TI 
I 
RI 
OOH 


SP 
Stack pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON* 
Timer control 
88H 
TF1 I TR1 I TFO I TRO I 
IE1 
I 
IT1 
I 
IEO I 
ITO 
OOH 


CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 


T2CON*# 
Timer 2 control 
C8H 
TF2 I EXF2 I RCLK I TCLK I EXEN2 I TR2 I Cm 
I cpfR[2 
OOH 


THO 
Timer high 0 
8CH 
OOH 
TH1 
Timer high 1 
8DH 
OOH 
TH2# 
Timer high 2 
CDH 
OOH 
TLO 
Timer low 0 
8AH 
OOH 
TL1 
Timer low 1 
8BH 
OOH 


TL2# 
Timer low 2 
CCH 
OOH 


TMOD 
Timer mode 
89H 
GATE I CIT I 
M1 
I 
MO I 
GATE 
I 
CIT 
I 
M1 
I 
MO 
OOH 


* 
BIt addressable 
# 
SFRs are modified from or added to the 80C51 SFRs. 
1. Bits GF1, GFO, PD, and IDL of the PCON register are not implemented in the NMOS 8XC52. 


PIN NO. 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
38 
I 
Power Supply: 
This is the power supply voltage for normal. idle, and power-down 


operation. 


PO.CHl.7 
39-32 
43-36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to 
them float and can be used as high-impedance 
inputs. Port 0 is also the multiplexed 


low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong intemal pull-ups when emitting 1s. Port 0 also outputs the 
code bytes during program verification in the 87C52. Extemal pull-ups are required during 
program verification. 


Pl.o-Pl.7 
1-8 
2-9 
40-44 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with intemal pull-ups. Port 1 pins that have 1s 
1-3 
written to them are pulled high by the intemal pull-ups and can be used as inputs. As 
inputs, port 1 pins that are externally pulled low will source current because of the intemal 
, 
pull-ups. (See DC Electrical Characteristics: 
IILl. Pins Pl.0 and Pl.l 
also. Port 1 also 


receives the low·order address byte during program memory verification. Port 1 also serves 
alternate functions for timer 2: 
1 
2 
40 
I 
T2 (Pl.0): 
Timer/counter 2 extemal count input. 


2 
3 
41 
I 
T2EX (P1.1): Timer/counter 2 trigger input. 


P2.o-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8·bit bidirectional I/O port with intemal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the intemal pull-ups and can be used as inputs. As 
inputs, port 2 pins that are extemally being pulled low will source current because of the 
intemal pull-ups. (See DC Electrical Characteristics: 
IILl. Port 2 emits the high-order 


address byte during fetches from external program memory and during accesses to 
extemal data memory that use 16-bit addresses (MOVX @DPTR). In this application, it 
uses strong intemal pull-ups when emitting 1s. During accesses to extemal data memory 
that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 speciallunction 
register. 


P3.o-P3.7 
10-17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8·bit bidirectional I/O port with intemal pull-ups. Port 3 pins that have 1s 
13--19 
7-13 
written to them are pulled high by the intemal pull-ups and can be used as inputs. As 
inputs, port 3 pins that are extemally being pulled low will source current because of the 
pull·ups. (See DC Electrical Characteristics: 
IILl. Port 3 also serves the special features of 


the 80C51 family, as listed below: 
10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
INTO (P3.2): Extemal interrupt 


13 
15 
9 
I 
IRTf 
(P3.3): Extemal interrupt 


14 
16 
10 
I 
TO (P3.4): Timer 0 extemal input 


I, 
15 
17 
11 
I 
T1 (P3.5): Timer 1 external input 


16 
18 
12 
0 
WI'[ (P3.6): External data memory write strobe 


17 
19 
13 
0 
AD (P3.7): Extemal data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An intemal diffused resistor to Vss permits a power-on reset using only an extemal 
capacitor to Vcc. 


ALEJI5ROO 
30 
33 
27 
I/O 
Address 
Latch EnablelProgram 
Pulse: Output pulse for latching the low byte of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for extemal timing or clocking. 
Note that one ALE pulse is skipped during each access to extemal data memory. This pin is 
also the program pulse input (?ROO) during EPROM programming. 


T'SEI'J 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to extemal~am 
memory. When the device is 


executing code from the extemal program memory, 
is activated twice each machine 
cycle, except that two T'SEI'J activations are skipped during each access to extemal data 
memory. T'SEI'J is not activated during fetches from intemal program memory. 


F!ANpp 
31 
35 
29 
I 
External 
Access 
EnablelProgramming 
Supply Voltage: Ell: must be externally held low 


to enable the device to fetch code from external program memory locations OOOOHto 
1FFFH. If Ell: is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 1FFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. 


XTALl 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the intemal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


Special 
Function 
Registers 
The special function register space is the same as the BOC51 except 
that the BOC321B7C52contains the additional special function 
registers T2CON, RCAP2L, RCAP2H, TL2, and TH2. Since the 
standard BOC51 on-chip functions are identical in the BXC52, the 
SFR locations, bit locations, and operation are likewise identical. 
The only exceptions are in the interrupt mode and interrupt priority 
SFRs (see Table 1). 


Timer/Counters 
In addition to timer/counters 
0 and 1 of the BOC51, the BOC321B7C52 


contains timer/counter 2. Like timers 0 and 1, timer 2 can operate as 
either an event timer or as an event counter. This is selected by bit 
CIT2 in the special function register T2CON (see Figure 1). It has 
three operating modes: capture, auto-load, and baud rate generator, 
which are selected by bits in the T2CON as shown in Table 2. 


In the Capture Mode there are two options which are selected by bit 
EXEN2 in T2CON. If EXEN2 = 0, then Timer 2 is a 16-bit timer or 
counter which upon overflowing sets bit TF2, the Timer 2 overflow 
bit, which can be used to generate an interrupt. If EXEN2 = 1, then 
Timer 2 still does the above, but with the added feature that a 1-to-O 
transition at external input T2EX causes the current value in the 
Timer 2 registers, TL2 and TH2, to be captured into registers 
RCAP2L and RCAP2H, respectively. (RCAP2L and RCAP2H are 
new special function registers in the BOC52.) In addition, the 
transition at T2EX causes bit EXF2 in T2CON to be set, and EXF2 
like TF2 can generate an interrupt. The Capture Mode is illustrated 
in Figure 2. 


In the auto-reload mode, there are again two options, which are 
selected by bit EXEN2 in T2CON. If EXEN2 = 0, then when Timer 2 
rolls over it not only sets TF2 but also causes the Timer 2 registers 
to be reloaded with the 16-bit value in registers RCAP2L and 
RCAP2H, which are preset by software. If EXEN2 = 1, then Timer 2 
still does the above, but with the added feature that a 1·to·0 


transition at extemal input T2EX will also trigger the 16-bit reload 
and set EXF2. The auto-reload mode is illustrated in Figure 3. 


The baud rate generation mode is selected by RCLK = 1 and/or 
TCLK = 1. It will be described in conjunction with the serial port. 


Serial Port 
The serial port of the BXC52 is identical to that of the BOC51 except 
that counterltimer 2 can be used to generate baud rates. 


In the BXC52, Timer 2 is selected as the baud rate generator by 
setting TCLK and/or RCLK in T2CON (see Rgure 1). Note that the 
baud rate for transmit and receive can be simultaneously 
different. 


Setting RCLK and/or TCLK puts Timer into its baud rate generator 
mode, as shown in Figure 4. 


The baud rate generator mode is similar to the auto-reload mode, in 
that a rollover in TH2 causes the Timer 2 registers to be reloaded 
with the 16-bit value in registers RCAP2H and RCAP2L, which are 
preset by software. 


Now, the baud rates in Modes 1 and 3 are determined by Timer 2's 
overflow rate as follows: 


Modes 1 
3 Baud Rate = Timer 2 Overflow 
Rate 
, 
16 


The timer can be configured for either "timer" or "counter" operation. 
In the most typical applications, it is configured for "timer" operation 
(C1T2 = 0). "Timer" operation is a little different for Timer 2 when it's 
being used as a baud rate generator. Normally, as a timer it would 
increment every machine cycle (thus at 1/12 the oscillator 
frequency). As a baud rate generator, however, it increments every 
state time (thus at 1/2 the oscillator frequency). In that case the 
baud rate is given by the formula: 


Oscillator 
Frequency 


Modes 1, 3 Baud Rate = 32 x [65536 _ (RCAP2H, RCAP2L)j 


where (RCAP2H, RCAP2L) is the content of RCAP2H and RCAP2L 
taken as a 16-bit unsigned integer. 


T2CON.2 
Start/stop control for Timer 2. A logic 1 starts the timer. 


T2CON.1 
Timer or counter select. (Timer 2) 
a '" Internal 
timer 
(OSCl12) 
1 = Ex1emal 
event 
counter 
(falling 
edge 
triggered). 


T2CON.O 
Capture/Reload flag. When set, captures will occur on negative transitionsat T2EX if EXEN2 = 1. When cleared, auto-reloads will 
occur 
either 
with Timer 
2 overflows 
or negative 
transitions 
al T2EX 
when 
EXEN2 
E 1. When 
either 
RCLK 
= , or TClK 
'" 1, this bit is 


ignored and the timer is forced 10 aulo-reload 
on Timer 2 overflow. 


_t 
C!T2=1 


__ 
1 
C/T2., 
T2Pin 
- 
B-- 
RXCIock 


RCLK+ 
TCLK 
cplR[2 
TR2 
MODE 


0 
0 
1 
16-bit Auto-reload 


0 
1 
1 
16-bit Capture 


1 
X 
1 
Baud rate generator 


X 
X 
0 
(off) 


Timer 2 as a baud rate generator is shown in Figure 4. This figure is 
valid only if RCLK + TCLK = 1 in T2CON. Note that a rollover in TH2 
does not set TF2, and will not generate an interrupt. Therefore, the 
Timer 2 interrupt does not have to be disabled when Timer 2 is in 
the baud rate generator mode. Note too, that if EXEN2 is set, a 
1-to-0 transition in T2EX will set EXF2 but will not cause a reload 
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer 2 is in 
use as a baud rate generator, T2EX can be used as an extra 
extemal interrupt, if desired. 


It should be noted that when Timer 2 is running (TR2 = 1) in "timer" 
tunction in the baud rate generator mode, one should not try to read 
or write TH2 or TL2. Under these conditions the timer is being 
incremented every state time, and the results of a read or write may 
not be accurate. The RCAP registers may be read, but should not 
be written to, because a write might ovel1ap a reload and cause 
write and/or reload errors. Tum the timer off (clear TR2) before 
accessing the Timer 2 or RCAP registers, In this case. 


Timer/Counter 
2 Set-up 
Except for the baud rate generator mode, the values given for 
T2CON do not include the setting of the TR2 bit. Therefore, bit TR2 
must be set, separately, to tum the timer on. See Table 3 for set-up 
of timer 2 as a timer. See Table 4 for set-up of timer 2 as a counter. 


Using Timer/Counter 
2 to Generate 
Baud Rates 


For this purpose, Timer 2 must be used in the baud rate generating 
mode. If Timer 2 is being clocked through pin T2 (P1.0) the baud 
rate is: 


Baud Rate = Timer 2 Overflow 
Rate 
16 


And if it is being clocked intemally, the baud rate is: 


Oscillator 
Frequency 


Baud Rate = 32 x [65536 - 
(RCAP2H, RCAP2L)] 


To obtain the reload value for RCAP2H and RCA02L, the above 
equation can be rewritten as: 


RCAP2H RCAP2L = 65536 _ Oscillator 
Frequency 


, 
32 x Baud Rate 


Interrupts 
The 80C32J87C52 has 6 interrupt sources. All except TF2 and EXF2 
are identical sources to those in the 80C51. 


The Interrupt Enable Register and the Interrupt Priority Register are 
modified to include the additional 80C32J87C52 interrupt sources. 
The operation of these registers is identical to the 80C51. 


In the 80C32J87C52, the Timer 2 Interrupt is generated by the 
logical OR of TF2 and EXF2. Neither of these flags is cleared by 
hardware when the service routine is vectored to. In fact, the service 
routine may have to determine whether it was TF2 or EXF2 that 
generated the interrupt, and the bit will have to be cleared in 
software. 


All of the bits that generate interrupts can be set or cleared by 
software, with the same result as though it has been set or cleared 


by hardware. That is, interrupts can be generated or pending 
interrupts can be canceled in software. 


The interrupt vector addresses and the interrupt priority for requests 
in the same priority level are given in the following: 


Source 
Vector 
Priority Within 


Address 
Level 
1. IEO 
0003H 
(highest) 
2. TFO 
OOOBH 


3. IE1 
0013H 


4. TF1 
001BH 


5. RI + TI 
0023H 
6. TF2 + EXF2 
002BH 
(lowest) 


Note that they are identical to those in the 80C51 except for the 
addition of the Timer 2 (TF1 and EXF2) interrupt at 002BH and at 
the lowest priority within a level. 


MODE 
T2CON 


INTERNAL CONTROL 
EXTERNAL CONTROL 


(Note 1) 
(Note 2) 


16-bit Auto-Reload 
OOH 
08H 


16-bit Capture 
01H 
09H 


Baud rate generator receive and transmit same baud rate 
34H 
36H 


Receive only 
24H 
26H 


Transmit only 
14H 
16H 


MODE 
TMOD 


INTERNAL CONTROL 
EXTERNAL CONTROL 


(Note 1) 
(Note 2) 


16-bit 
02H 
OAH 


Auto-Reload 
03H 
OBH 
NOTES: 
1. Capture/reload occurs only on timer/counter overflow. 
2. 
Capture/reload occurs on timer/counter overflow and a 1-to-0 transition on T2EX (P1.1) pin except when timer 2 is used in the baud rate 
generator mode. 


OSCILLATOR 
CHARACTERISTICS 


XTAL 1 and XTAL2 are the input and output, respectively, of an 
inverting amplifier. The pins can be configured for use as an on-Chip 
oscillator, as shown in the Logic Symbol, page 3-168. 


To drive the device from an external clock source, XTAL 1 should be 
driven while XTAL2 is left unconnected. There are no requirements 
on the duty cycle of the external clock signal, because the input to 
the internal clock circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and low times specified in 
the data sheet must be observed. 


RESET 
A reset is accomplished 
by holding the RST pin high for at least two 


machine cycles (24 oscillator periods), while the oscillator is running. 
To insure a good power-up reset, the RST pin must be high long 
enough to allow the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep while all of the on-Chip 
peripherals stay active. The instruction to invoke the idle mode is the 
last instruction executed in the normal operating mode before the 
idle mode is activated. The CPU contents, the on-chip RAM, and all 


of the special function registers remain intact during this mode. The 
idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the interrupt service routine 
and continued), or by a hardware reset which starts the processor in 
the same manner as a power-on reset. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is stopped and the 
instruction to invoke power-down is the last instruction executed. 
Only the contents of the on-Chip RAM are preserved. A hardware 
reset is the only way to terminate the power-down mode. the control 
bits for the reduced power modes are in the special function register 
PCON. 


DESIGN 
CONSIDERATIONS 
At power-on, the voltage on Vcc and RST must come up at the 
same time for a proper start-up. 


Table 5 shows the state of I/O ports during low current operating 
modes. 


As a precaution to coming out of an unexpected power down, INTO 
and TfilTf should be disabled prior to enterring power down. 


MODE 
PROGRAM MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


Electrical Deviations from Commercial Specifications for Extended Temperature Range (87C52) 
DC and AC parameters not included here are the same as in the commercial temperature range table. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb ~ --40°C to +85°C, Vee ~ 5V ±10%, Vss ~ ov 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage, except E}I; 
.- 
-{).5 
0.2Ve~·15 
V 


VIL1 
Input low voltage to E}I; 
0 
0.2Ve~·35 
V 


VIH 
Input high voltage, except XTAL 1, RST 
0.2Vee+1 
Vee+0.5 
V 


VIHl 
Input high voltage to XTAL 1, RST 
0.7Vcc+0.1 
Vee+0.5 
V 


IlL 
Logical 0 input current, ports 1, 2, 3 
VIN ~ 0.45V 
-75 
I!A 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3 
VIN ~ 2.0V 
-750 
I!A 


Ice 
Power supply current: 
Vee ~ 4.5-5.5V, 
Active mode 
Frequency range ~ 
32 
mA 
Idle mode 
3.5 to 16MHz 
5 
mA 
Power-down mode 
50 
I!A 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 or --40 to +85 
°C 


Storage temperature range 
-65 to +150 
°C 


Voltage on EANpp pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Maximum IOLper I/O pin 
15 
- 
mA 
,- 


Power dissipation (based on package heat transfer limitations, not 
1.5 
W 
device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C or-40°C 
to +85°C, VCC = 5V ±10%, Vss = OV (87C52) 


Tamb= O°C to +70°C or-40°C 
to +85°C, VCC = 5V ±10%, Vss = OV (80C32) 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYp1 
MAX 
UNIT 


VIL 
Input low voltage, except EA7 
-<l.5 
0.2Vcc-<l.1 
V 


VILl 
Inp\Jt low voltage to EA7 
0 
0.2V cc-<l.3 
V 


VIH 
Input high voltage, except XTAL 1, RST7 
0.2Vcc+0.9 
Vcc+0.5 
V 


VIH1 
Input high voltage, XTAL 1, RST7 
O·7Vcc 
Vcc+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 39 
IOL= 1.6mA2 
0.45 
V 


Vou 
Output low voltage, port 0, ALE, J5SEI'l9 
IOL=3.2mA2 
0.45 
V 


VOH 
Output high voltage, ports 1, 2, 3, ALE, PSEf'I3 
IOH= -60llA, 
2.4 
V 


IOH= -251lA 
0.75Vcc 
V 


IOH=-101lA 
0.9Vcc 
V 


VOHl 
Output high voltage (port 0 in extemal bus mode) 
IOH= -BOOIlA, 
2.4 
V 


IOH= -3001lA 
0.75Vcc 
V 


IOH= -BOllA 
0.9Vcc 
V 


IlL 
Logical 0 input current, ports 1, 2, 37 
VIN = 0.45V 
-50 
J!A 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 37 
See note 4 
-650 
J!A 


III 
Input leakage current, port 0 
VIN = VIL or VIH 
±10 
J!A 


Ice 
Power supply current7 
See note 6 


Active mode 
@ 16MHz5 
11.5 
32 
mA 
Idle mode 
@ 16MHz 
1.3 
5 
mA 
Power-down mode 
Tamb= 0 to 70°C 
3 
50 
J!A 


Tamb= -40 to +85°C 
75 
IlA 


RRST 
Internal reset pull-down resistor 
50 
300 
kG 


CIO 
Pin capacitance 10 
15 
pF 


NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed 
on the VoLs of ALE and ports 1 and 3. The noise is due 
to extemal bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations. 
In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 


3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and 'F'SEfJ to momentarily fall below the 0.9Vce specification when the 
address bits are stabilizing. 


4. 
Pins of ports 1, 2 and 3 source a transition current when they are being extemally driven from 1 to O.The transition current reaches Its 
maximum value when VIN is approximately 2V. 


5. 
ICCMAXat other frequencies is given by: Active mode: ICCMAX= 1.5 x FREQ + 8.0: Idle mode: ICCMAX= 0.14 x FREQ +2.31, 
where FREQ is the external oscillator frequency in MHz. ICCMAXis given in mA. See Figure 12. 


6. 
See Figures 13 through 16 for Icc test conditions. 
7. These values apply only to Tamb= O°C to +70°C. For Tamb= -40°C to +85°C, see table on previous page. 
8. 
Load capacitance for port 0, ALE, and 'F'SEfJ= 100pF, load capacitance for all other outputs = 80pF. 


9. 
Under steady state (non-transient) conditions, IOLmust be extemally limited as follows: 
Maximum IOLper port pin: 
15mA ('NOTE: This is 85°C specification.) 
Maximum IOLper 8-bit port: 
26mA 


Maximum totallOL for all outputs: 
67mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


10. This limit is for plastic packages. For ceramic packages, the maximum limit is 20pF. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb; O°C to +70°C or--40°C to +85°C, VCC; 
5V ±10%, Vss; 
OV (87C52)l, Z,3 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


l/lclCl 
5 
Oscillator frequency 
Speed versions 
:E 
3.5 
16 
MHz 


tlHll 
5 
ALE pulse width 
85 
2lclCl--40 
ns 


tAVll 
5 
Address valid to ALE low 
22 
lclCl--40 
ns 


tLLAX 
5 
Address hold after ALE low 
32 
lclCl-30 
ns 


twv 
5 
ALE low to valid instruction in 
150 
4lclCl-100 
ns 


!u.Pl 
5 
ALE low to PSEf'llow 
32 
lclCl-30 
ns 


tPlPH 
5 
]5S'EJ'Ipulse width 
142 
3lclCl--45 
ns 


tPLIV 
5 
PSEf'llow 
to valid instruction in 
82 
3lclCl-105 
ns 


tPXIX 
5 
Input instruction hold after ]5S'EJ'I 
0 
0 
ns 


tPXIZ 
5 
Input instruction float after PSEf'I 
37 
lclCl-25 
ns 


tAVIV 
5 
Address to valid instruction in 
207 
5lclCl-105 
ns 


tpLAZ 
5 
]5S'EJ'Ilow to address float 
10 
10 
ns 


Data Memory 


tRlRH 
6,7 
RD"pulse width 
275 
6lclCl-100 
ns 


tWlWH 
6,7 
WR' pulse width 
275 
6lclCl-100 
ns 


tRlDV 
6,7 
RD"low to valid data in 
147 
5lclCl-165 
ns 


tRHDX 
6,7 
Data hold after RD" 
0 
0 
ns 


tRHDZ 
6, 7 
Data float after RD" 
65 
2lclCl-60 
ns 


tLLDV 
6,7 
ALE low to valid data in 
350 
8lclCl-150 
ns 


tAVDV 
6,7 
Address to valid data in 
397 
9telCl-165 
ns 


tLLWl 
6,7 
ALE low to RD"or WR' low 
137 
239 
3lclCl-50 
3lclCl+50 
ns 


tAVWl 
6,7 
Address valid to WR' low or RD"low 
122 
4lclCl-130 
ns 


tavwx 
6,7 
Data valid to WR' transition 
13 
lclCl-50 
ns 


tWHQX 
6, 7 
Data hold after WR' 
13 
lclCl-50 
ns 


taVWH 
7 
Data valid to WR' high 
287 
7lclCl-150 
ns 


tRLAZ 
6,7 
RD"low to address float 
0 
0 
ns 


tWHlH 
6,7 
RD"or WR' high to ALE high 
23 
103 
lclCl--40 
lclCl+40 
ns 


External 
Clock 


lcHCX 
9 
High time 
20 
20 
lclCl -lclCX 
ns 


lclCX 
9 
Low time 
20 
20 
tClCl -lcHCX 
ns 


tClCH 
9 
Rise time 
20 
20 
ns 


tCHCl 
9 
Fall time 
20 
20 
ns 


Shift Register 


tXLXl 
8 
Serial port clock cycle time 
750 
12lclCl 
ns 


taVXH 
8 
Outpul data setup to clock rising edge 
492 
1OtelCl -133 
ns 


tXHOX 
8 
Oulput data hold after clock rising edge 
8 
2lclCl-117 
ns 


tXHDX 
8 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
8 
Clock rising edge to input data valid 
492 
l°lclCl-l33 
ns 
NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and ]5S'EJ'I; 100pF, load capacitance for all other outputs; 
80pF. 
3. 
Interfacing the 80C32152 
to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 


4. 
See application note AN457 for extemal memory interface. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C or -40°C to +85°C, VCC= 5V ±10%, Vss = OV',2, 3 


24M Hz CLOCK 
VARIABLE 
CLOCK 
33MHzCLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/'clCl 
5 
Oscillator frequency 
Speed versions 
:1 
3.5 
24 
MHz 


:N 
3.5 
33 


tlHll 
5 
ALE pulse width 
43 
2'clCl-40 
21 
ns 


tAVll 
5 
Address valid to ALE low 
17 
'clCl-25 
5 
ns 


tlLAX 
5 
Address hold after ALE low 
17 
'clCl-25 
5 
ns 


tlLlV 
5 
ALE low to valid instruction in 
102 
4'clCl-65 
56 
ns 


tllPl 
5 
ALE low to PSEJ\llow 
17 
'clCl-25 
5 
ns 


tplPH 
5 
PSEJ\I pulse widtih 
80 
3'clCl-45 
46 
ns 


tPLIV 
5 
PSEJ\llow to valid instruction in 
65 
3tClCl-60 
31 
ns 


tPXIX 
5 
Input instruction hold after PSEJ\I 
0 
0 
0 
ns 


tPXIZ 
5 
Input instruction float after PSEJ\I 
17 
'clCl-25 
5 
ns 


tAVIV 
5 
Address to valid instruction in 
128 
5'clCl-80 
72 
ns 


tpLAZ 
5 
PSEJ\llow to address float 
10 
10 
10 
ns 


Data Memory 


tRlRH 
6,7 
'RO pulse width 
150 
6'clCl-100 
82 
ns 


tWlWH 
6,7 
WR pulse width 
150 
6'clCl-100 
82 
ns 


tRlDV 
6,7 
'RO low to valid data in 
118 
5tClCl-90 
62 
ns 


tRHDX 
6, 7 
Data hold after 'RO 
0 
0 
0 
ns 


tRHDZ 
6,7 
Data float after 'RO 
55 
2'clCl-28 
33 
ns 


tllDV 
6, 7 
ALE low to valid data in 
183 
8'clCl-150 
92 
ns 


tAVDV 
6,7 
Address to valid data in 
210 
9'clCl-165 
108 
ns 


tllWl 
6,7 
ALE low to 'RO or WR low 
75 
175 
3'clCl-50 
3'clCl+50 
41 
141 
ns 


tAVWl 
6, 7 
Address valid to WR low or 'RO low 
92 
4'clCl-75 
46 
ns 


IovwX 
6,7 
Data valid to WR transition 
12 
'clCl-30 
0.3 
ns 


tWHQX 
6,7 
Data hold after WR 
17 
'clCl-25 
5 
ns 


IovwH 
7 
Data valid to WR high 
162 
7'clCl-130 
82 
ns 


tRLAZ 
6,7 
'RO low to address float 
0 
0 
0 
ns 


tWHlH 
6,7 
'RO or WR high to ALE high 
17 
67 
'clCl-25 
'clCl+25 
5 
5 
ns 


External 
Clock 


tCHCX 
9 
High time 
17 
17 
'clCl -'clCX 
ns 


tClCX 
9 
Low time 
17 
17 
tClCl -'cHCX 
ns 


tClCH 
9 
Rise time 
5 
5 
ns 


tCHCl 
9 
Fall time 
5 
5 
ns 


Shift Register 


tXLXl 
8 
Serial port clock cycle time 
505 
12'clCl 
363 
ns 


IovxH 
8 
Output data setup to clock rising edge 
283 
10'clCl -133 
170 
ns 


tXHQX 
8 
Output data hold after clock rising edge 
3 
2'clCl-80 
19 
ns 


tXHDX 
8 
Input data hold after clock rising edge 
0 
0 
0 
ns 


tXHDV 
8 
Clock rising edge to input data valid 
283 
10'clCl -133 
170 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otiherwise specified. 
2. 
Load capacitance for port 0, ALE, and PSEJ\I = 100pF, load capacitance for all otiher outputs = 80pF. 
3. 
Interfacing the 8XC52 to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 drivers. 
4. 
Variable clock is specified for oscillator frequencies greater than 16MHz to 33MHz. For frequencies equal or less than 16MHz, see 16MHz 
"AC Electrial Characteristics·, 
page 3-179. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The first character is always 
't' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. The 
designations are: 
A - 
Address 
C- 
Clock 
o - Input data 
H - 
Logic level high 
I - 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 


p-~ 
a - Output data 
R - "RUsignal 
t 
- Time 


V - 
Valid 
w- WRsignal 
X - 
No longer a valid logic level 
Z - 
Float 
Examples: 
tAVLL= Time for address valid to ALE low. 
tLLPL= Time for ALE low to ~ 
low. 


I 
-II- tXHQX 
taVXH ~I 


INPUT 
DATA 
'---t' 


CLEAA 
AI 


VC~·5 
- 
- 
-- 


O.7VCC 


O.45V 
O.2VC~.1 


65 


60 


55 


50 


45 


40 


35 


ICCrnA 


30 


25 


20 


15 


10 


ve~5=X 
>C 


o 2Vee<O 
9 


o 45V 
._0_2_V~e~~~_1 
~ 


NOTE: 
AC inputs during testing are driven at Vcc~.5 
for a logic '1' and OASV for a logic '0'. 
Timing 
measurements 
are made 
at VIH min for a logic ',' 
and Vil max for a logic '0', 


nMING 
REFERENCE 
POINTS 


NOTE: 
For timing 
purposes, 
a port is no longer 
floating 
when 
a l00mV 
change 
from 
load voltage 
occurs, 


and begins 
to float when 
a l00mV 
change 
from the loaded VotlVOllevel 
occurs. 
IQHI1OL:i!:i20mA. 


Figure 12. 
Ice vs. FREQ 
Valid only within frequency 
specifications 
of the device under test 


Figure 13. 
Icc Test Condition, 
Active Mode 
Ail other pins are disconnected 
Figure 14. 
icc Test Condition, 
Idle Mode 


Ail other pins are disconnected 


VcC-O·5 
- 
- 
- 
- 
o·7Vcc 


O.45V 
O.2VcC-O. 1 


Figure 15. 
Clock Signai Waveform 
for Icc Tests in Active and Idie Modes 


teLCH = teHCL = 5ns 


Figure 16. 
Icc Test Condition, 
Power Down Mode 
Ail other pins are disconnected. 
Vcc = 2V to 5.5V 


EPROM CHARACTERISTICS 
The 87C52 is programmed by using a modified Quick-Pulse 
Programming'" 
algorithm. It differs from older methods in the value 
used·for Vpp (programming supply voltage) and in the width and 
number of the ALEIF'ROG pulses. 


The B7C52 contains two signature bytes that can be read and used 
by an EPROM programming system to identify the device. The 
signature bytes identify the device as an B7C52 manufactured by 
Philips. 


Table 6 shows the logic levels for reading the signature byte, and for 
programming the program memory, the encryption table, and the 
securify bits. The circuit configuration and waveforms for quick-pulse 
programming are shown in Figures 17 and 1B. Figure 19 shows the 
circuit configuration for normal program memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse programming is shown in 
Figure 17. Note that the B7C52 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to be running is that the 
device is executing internal address and program data transfers. 


The address of the EPROM location to be programmed is applied to 
ports 1 and 2, as shown in Figure 17. The code byte to be 
programmed into that location is applied to port O. RST, PSE1IIand 
pins of ports 2 and 3 specified in Table 6 are held at the 'Program 
Code Data' levels indicated in Table 6. The ALEIF'ROO is pulsed 
low 25 times as shown in Figure 1B. 


To program the encryption table, repeat the 25 pulse programming 
sequence for addresses 0 through 1FH, using the 'Pgm Encryption 
Table' levels. Do not forget that after the encryption table is 
programmed, verification cycles will produce only encrypted data. 


To program the security bits, repeat the 25 pulse programming 
sequence using the 'Pgm Security Bit' levels. After one security bit is 
programmed, further programming of the code memory and 
encryption table is disabled. However, the other security bit can still 
be programmed. 


Note that the FJi.Npp pin must not be allowed to go above the 
maximum specified Vpp level for any amount of time. Even a narrow 
glitch above that voltage can cause permanent damage to the 
device. The Vpp source should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 
If security bit 2 has not been programmed, the on-chip program 
memory can be read out for program verification. The address of the 
program memory locations to be read is applied to ports 1 and 2 as 
shown in Figure 19. The other pins are held at the 'Verify Code Data' 
levels indicated in Table 6. The contents of the address location will 
be emitted on port O. External pull-ups are required on port 0 for this 
operation. 


If the encryption table has been programmed, the data presented at 
port 0 will be the exclusive NOR of the program byte with one of the 
encryption bytes. The user will have to know the encryption table 
contents in order to correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 
The signature bytes are read by the same procedure as a normal 
verification of locations 030H and 031 H, except that P3.6 and P3.7 
need to be pulled to a logic low. The values are: 
(030H) = 
15H indicates manufactured by Philips 


(031 H) = 
97H indicates B7C52 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the conditions listed in Table 6, and 
which satisfies the timing specifications, is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have wavelengths 
in this 


range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. For this and secondary 
effects, 


it is recommended 
that an opaque 
label be placed over the 
window. 
For elevated temperature or environments where solvents 


are being used, apply Kapton tape Fluorglas part number 2345-5, 
or 
equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-slcm2. 
Exposing the EPROM to an ultraviolet lamp of 12,OOOIlW/cm2 rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


MODE 
RST 
"PSEN 
ALEIPROG 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 


Pgm security bit 1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 


Pgm security bit 2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


NOTES: 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V ±O.25V. 
3. 
Vcc = 5V±1 0% during programming and verification. 
4. 'ALEIF'ROO 
receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100llS (±1OIlS) and high for a 


minimum of 1OilS. 


vcc 


PI 
PO 


RST 
ElWpp 


P3.6 
ALEJI'ROG 


P3.7 
87C52 
J5SEIiI 


XTAL2 
P2.7 


P2.6 


XTAL1 
P2.~P2.4 


vSS 


10llS MIN -+/ 
1-0----- 
100IlS±10 ----~~I 
____ 
~n~ 
~n_ 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb= 21°C 10 +27"C, vcc = 5V±10%, vss = OV (See Figure 20) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming supply vollage 
12.5 
13.0 
V 


Ipp 
Programming supply currenl 
50 
mA 


1ltclCl 
Oscillalor frequency 
4 
6 
MHz 


IAVGl 
Address setup 10 ~ 
low 
48telCl 


IoHAX 
Address hold after ~ 
48telCl 


IOVGl 
Dala setup 10 ~ 
low 
48telCl 


IoHDX 
Data hold after ~ 
48telCl 


IEHSH 
P2.7 (EJiIAB[E) 
high 10 Vpp 
48telCl 


ISHGl 
Vpp selup 10 ~ 
low 
10 
l's 


IoHsl 
Vpp hold after ~ 
10 
l's 


IolGH 
~widlh 
90 
110 
l'5 


IAVQV 
Address 10 dala valid 
48telCl 


IElQZ 
~ 
low 10 data valid 
48telCl 


IEHQZ 
Dala floal after ~ 
0 
48telCl 


IoHGl 
~highlo 
~Iow 
10 
l'5 


NOTE: 


FORPROGRAMMING 
VERIACATION 
SEEFIGURE17. 


FORVERIFICATION 
CONDITIONS 
SEEFIGURE19. 


DESCRIPTION 
The 80C52180C54/80C58 Single-Chip 8-Bit Microcontroller is 
.manufactured in an advanced CMOS process and is a derivative of 
the 80C51 microcontroller family. The 80C52180C54/80C58 has the 
same instruction set as the 80C51. 


This device provides architectural enhancements that make it 
applicable in a variety of applications for general control systems. 
The 80C52 contains 8k x 8 ROM memory, the 80C54 contains 
16k x 8 ROM memory, and 80C58 contains 32k x 8 ROM memory, a 
volatile 256 x 8 readfwrite data memory, four 8-bit I/O ports, three 
16-bit timer/event counters, a multi-source, four-priority-Ievel, 
nested 


interrupt structure, an enhanced UART and on-chip oscillator and 
timing circuits. For systems that require extra capability, the 


80C52154/58 
can be expanded using standard TTL compatible 


memories and logic. 


Its added features make it an even more powerful microcontroller for 
applications that require pulse width modulation, high-speed I/O and 
up/down counting capabilities such as motor control. It also has a 
more versatile serial channel that facilitates multiprocessor 
communications. 


FEATURES 


• 80C51 central processing unit 


• Full static operation 


• 8k x 8 ROM: 80C52; 
16k x 8 ROM: 80C54; 
32k x 8 ROM: 80C58; 
all capable of addressing external memory to 64k bytes 
- 
Two level program security system 


- 
64 byte encryption array 


• 256 x 8 RAM, expandable externally to 64k bytes 


• Speed range up to 33M Hz 


• Operating voltage 5V ±10% 


• Three 16-bit timer/counters 
- 
T2 is an up/down counter 


• 6 interrupt sources 


• 4 level priority 


• Four 8-bit I/O ports 


• Full-duplex enhanced UART 


- 
Framing error detection 


- 
Automatic address recognition 


• Power control modes 
- 
Idle mode 


- 
Power-down mode 


• Once (On Circuit Emulation) Mode 


• Five package styles 


• Programmable clock out 


• Low EMI (Inhibit ALE) 


• Second DPTR register 


• Asynchronous port reset 


PO.4/AD4 


PO.5/AD5 


ROM 
ROM 
ROM 
TEMPERATURE 
RANGE °C 
FREQ 
DRAWING 


8k x8 
16kx 
8 
32k x 8 
AND PACKAGE 
MHz 
NUMBER 


P80C52EBPN 
P80C54EBPN 
P80C58EBPN 
o to +70, Plastic Dual In-line Package 
16 
SOT129-1 


P80C52EBAA 
P80C54EBAA 
P80C58EBAA 
o to +70, Plastic Leaded Chip Carrier 
16 
SOT187-2 


P80C52EBBB 
P80C54EBBB 
P80C58EBBB 
o to +70, Plastic Quad Flat Pack 
16 
SOT307-2 


P80C52EFPN 
P80C54EFPN 
P80C58EFPN 
-40 to +85, Plastic Dual In-line Package 
16 
SOT129-1 


P80C52EFAA 
P80C54EFAA 
P80C58EFAA 
-40 to +85, Plastic Leaded Chip Carrier 
16 
SOT187-2 


P80C52EFBB 
P80C54EFBB 
P80C58EFBB 
-40 to +85, Plastic Quad Flat Pack 
16 
SOT307-2 


P80C521BP N 
P80C541BP N 
P80C581BP N 
o to +70, Plastic Dual In-line Package 
24 
SOT129-1 


P80C521BA A 
P80C541BA A 
P80C581BA A 
o to +70, Plastic Leaded Chip Carrier 
24 
SOT187-2 


P80C521BB B 
P80C541BB B 
P80C581BB B 
o to +70, Plastic Quad Flat Pack 
24 
SOT307-2 


P80C521FP N 
P80C541FP N 
P80C581FP N 
-40 to +85, Plastic Dual In-line Package 
24 
SOT129-1 


P80C521FA A 
P80C541FA A 
P80C581FA A 
-40 to +85, Plastic Leaded Chip Carrier 
24 
SOT187-2 


P80C521FB B 
P80C541FB B 
P80C581FB B 
-40 to +85, Plastic Quad Flat Pack 
24 
SOT307-2 


P80C52NBAA 
P80C54NBAA 
P80C58NBAA 
o to +70, Plastic Leaded Chip Carrier 
33 
SOT187-2 


P80C52NBPN 
P80C54NBPN 
P80C58NBPN 
o to +70, Plastic Dual In-line Package 
33 
SOT129-1 


P80C52NBBB 
P80C54NBBB 
P80C58NBBB 
o to +70, Plastic Quad Flat Pack 
33 
SOT307-2 


P80C52NFAA 
P80C54NFAA 
P80C58NFAA 
-40 to +85, Plastic Leaded Chip Carrier 
33 
SOT187·2 


P80C52NFPN 
P80C54NFPN 
P80C58NFPN 
-40 to +85, Plastic Dual In-line Package 
33 
SOT129·1 


P80C52NFBB 
P80C54NFBB 
P80C58NFBB 
-40 to +85, Plastic Quad Flat Pack 
33 
SOT307-2 
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--------------l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
16 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


AUXR# 
Auxiliary 
8EH 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
AO 
xxxxxxxOB 


AUXR1# 
Auxiliary 1 
A2H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
DPS 
xxxxxxxOB 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data Pointer (2 bytes) 
DPH 
Data Pointer High 
83H 
OOH 
I 


DPL 
Data Pointer Low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE' 
Interrupt Enable 
ASH 
EA 
I 
EC 
I 
ET2 
I 
ES 
I 
En 
I EX1 I ETO I 
EXO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP' 
Interrupt Priority 
B8H 
- 
I 
- 
I 
PT2 
I 
PS 
I 
PT1 
I PX1 I PTO I 
PXO 
xOOOOOOOB 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


IPH# 
Interrupt Priority High 
B7H 
- 
I 
- 
I PT2H I PSH I PT1H I PX1H I PTOH I PXOH 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO' 
PortO 
80H 
AD7 
I 
AD6 
I 
AD5 
I AD4 
I 
AD3 
I AD2 I AD1 I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1' 
Port 1 
90H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I - 
1T2EX I 
T2 
FFH 


A7 
A6 
AS 
A4 
A3 
A2 
A1 
AD 


P2' 
Port 2 
AOH 
AD15 I AD14 I AD13 I AD12 I AD11 I AD10 I AD9 I 
AD8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3' 
Port 3 
BOH 
"AU 
I 
WR 
I 
T1 
I 
TO 
I lNTT 
I ll'JTO I TxD I 
RxD 
FFH 


PCON#1 
Power Control 
87H 
SMOD1 I SMODOI 
- 
I POF2 I 
GF1 
I GFO I 
PD 
I 
IDL 
OOxxOOOOB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW' 
Program Status Word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 I 
RSO I 
OV 
I 
- 
I 
P 
OOH 


RACAP2H# 
Timer 2 Capture High 
CBH 
OOH 
RACAP2L# 
Timer 2 Capture Low 
CAH 
OOH 
SADDR# 
Slave Address 
A9H 
OOH 
SADEN# 
Slave Address Mask 
B9H 
OOH 


SBUF 
Serial Data Buffer 
99H 
xxxxxxxxB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCOW 
Serial Control 
98H 
SMOIFE I 
SM1 I 
SM2 I REN I 
TB8 
I RB8 I 
TI 
I 
RI 
OOH 
SP 
Stack Pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCOW 
Timer Control 
88H 
TF1 
I 
TR1 
I 
TFO I TRO I 
IE1 
I 
IT1 
I 
IEO I 
ITO 
OOH 


CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 
T2COW 
Timer 2 Control 
C8H 
TF2 
I EXF2 I RCLK I TCLK I EXEN2 I TR2 I cm 
ICPIRl:2 
OOH 
T2MOD# 
Timer 2 Mode Control 
C9H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I - 
I T20E I DCEN 
xxxxxxOOB 
THO 
Timer High 0 
8CH 
OOH 
TH1 
Timer High 1 
8DH 
OOH 
TH2# 
Timer High 2 
CDH 
OOH 
TLO 
Timer Low 0 
8AH 
OOH 


TL1 
Timer Low 1 
8BH 
OOH 


TL2# 
Timer Low 2 
CCH 
OOH 
TMOD 
Timer Mode 
89H 
GATE I crr 
I 
M1 
I 
MO 
I GATE I crr 
I 
M1 
I 
MO 
OOH 
, 
SFRs are bit addressable. 


# 
SFRs are modified from or added to the 80C51 SFRs. 
- 
Reserved bits. 


1. Reset value depends on reset source. 
2. 
Bit will not be affected by Reset. POF is not present in 80C52. 


17 
11 
23 
29 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pln 
Funetton 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC' 
16 
P3.4fT0 
31 
P2.7/A15 
1 
P1.5 
16 
vss 
31 
PO.61AD6 
2 
P1.0fT2 
17 
P3.5IT1 
32 
PSEJ'l 
2 
P1.6 
17 
NC' 
32 
PO.51AD5 
3 
P1.11T2EX 
18 
P3.6IWR 
33 
ALE 
3 
P1,7 
18 
P2.OIA8 
33 
PO.4/AD4 
4 
Pl.2 
19 
P3.71RO 
34 
NC' 
4 
RST 
19 
P2.1/A9 
34 
PO.31AD3 


5 
Pl.3 
20 
XTAL2 
35 
EJ( 
5 
P3.OIRxO 
20 
P2.21Al0 
35 
pO.21AD2 
6 
Pl,4 
21 
XTAL1 
36 
PO.7/AD7 
6 
NC' 
21 
P2.31All 
36 
PO.1/AD1 


7 
P1.5 
22 
vss 
37 
PO.61AD6 
7 
P3.11TxD 
22 
P2.4/A12 
37 
PO.OIADO 
8 
P1.6 
23 
NC' 
38 
PO.51AD5 
8 
P3.2IlIrnl 
23 
P2.51A13 
38 
vcc 
9 
Pl.7 
24 
P2.OIA8 
39 
PO.41AD4 
9 
P3.3Il!IT1 
24 
P2.61A14 
39 
NC' 
10 
RST 
25 
P2.1/A9 
40 
PO.31AD3 
10 
P3.4ITO 
25 
P2.7/A15 
40 
Pl.0fl2 
11 
P3.OIRxD 
26 
P2.21Al0 
41 
PO.21AD2 
11 
P3.5fTl 
26 
PSEJ'l 
41 
Pl.VT2EX 
12 
NC' 
27 
P2.31Al1 
42 
PO.1/AOl 
12 
P3.6IWR 
27 
ALE 
42 
Pl.2 


13 
P3.1fTxD 
28 
P2.41A12 
43 
PO.OIADO 
13 
P3.71RO 
28 
NC' 
43 
P1.3 


14 
P3.2IlIrnl 
29 
P2.51A13 
44 
vcc 
14 
XTAL2 
29 
EJ( 
44 
P1.4 
15 
P3.3Il!IT1 
30 
P2.61A14 
15 
XTAL1 
30 
PO.7/AD7 


• DONOTCONNECT 
SUOO741A 
• DONOTCONNECT 
$UOO742A 


PIN DESCRIPTIONS 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: OV reference. 


Vcc 
40 
44 
38 
I 
Power Supply: This is the power supply 
voltage 
for normal, 
idle, and power-down 


operation. 


PO.Q-O.7 
39-32 
43-36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, 
bidirectional 
I/O port. Port 0 pins that have 1s written 
to 


them float and can be used as high-impedance 
inputs. 
Port 0 is also the multiplexed 
low-order 
address 
and data bus during 
accesses 
to extemal 
program 
and data memory. 
In 


this application, 
it uses strong internal 
pull-ups 
when emitting 
1s. Port 0 also outputs 
the 


code bytes during program 
verification. 
Extemal 
pull-ups 
are required 
during 
program 


verification. 


P1.o-P1.7 
1-8 
2-9 
40-44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional 
I/O port with intemal 
pull-ups. 
Port 1 pins that have 1s 


1-3 
written 
to them are pulled high by the internal 
pull-ups 
and can be used as inputs. As inputs, 


port 1 pins that are externally 
pulled low will source 
current 
because 
of the internal 
pull-ups. 


(See DC Electrical 
Characteristics: 
I,Ll. Port 1 also receives 
the low-order 
address 
byte 


during 
program 
memory 
verification. 
Alternate 
functions 
include: 


1 
2 
40 
I/O 
T2 (Pl.0): 
TImer/Counter 
2 external 
count inpuVClockout 


2 
3 
41 
I 
T2EX (Pl.l): 
Timer/Counter 
2 Reload/Capture/Direction 
Control 


3 
4 
42 
I 
4 
5 
43 
I/O 


5 
6 
44 
I/O 


6 
7 
1 
I/O 


7 
8 
2 
I/O 


8 
9 
3 
I/O 


P2.o-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional 
I/O port with internal 
pull-ups. 
Port 2 pins that have 1s 
written 
to them are pulled high by the intemal 
pull-ups 
and can be used as inputs. As inputs, 


port 2 pins that are externally 
being pulled low will source current 
because 
of the internal 


pull-ups. 
(See DC Electrical 
Characteristics: 
I,Ll. Port 2 emits the high-order 
address 
byte 


during fetches 
from external 
program 
memory 
and during accesses 
to extemal 
data memory 


that use 16-bit addresses 
(MOVX 
@DPTR). 
In this application, 
it uses strong 
internal 


pull-ups 
when emitting 
1s. During accesses 
to extemal 
data memory 
that use 8-bit 


addresses 
(MOV 
@Ri), port 2 emits the contents 
of the P2 special 
function 
register. 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


P3.o-P3.7 
10-17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with intemal pull-ups. Port 3 pins that have 1s 


13-19 
7-13 
written to them are pulled high by the intemal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are extemally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: 
IILl. Port 3 also serves the special features of the 80C51 
family, as listed below: 


10 
11 
5 
I 
RxD (P3.0): Serial input port 
11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
INTO (P3.2): Extemal interrupt 


13 
15 
9 
I 
INTl (P3.3): Extemal interrupt 


14 
16 
10 
I 
TO (P3.4): Timer 0 extemal input 


15 
17 
11 
I 
T1 (P3.5): Timer 1 extemal input 


16 
18 
12 
0 
WR (P3.6): Extemal data memory write strobe 


17 
19 
13 
0 
AD (P3.7): Extemal data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An intemal diffused resistor to V55 permits a power-on reset using only an extemal 
capacitor to Vcc. 


ALE 
30 
33 
27 
0 
Address 
Latch Enable: Output pulse for latching the low byte of the address during an 


access to extemal memory. In normal operation, ALE is emitted at a constant rate of 1/6 the 
oscillator frequency, and can be used for extemal timing or clocking. Note that one ALE 
pulse is skipped during each access to extemal data memory. ALE can be disabled by 
setting SFR auxiliary.O. With this bit set, ALE will be active only during a MOVX instruction. 


J5SEiI 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to extemal program memory. When the 


80C52180C54/80C58 is executing code from the extep~~~rogram 
memory, J5SEil is 


activated twice each machine cycle, ex~mMhat 
two 
activations are skipped during 


each access to extemal data memory. 
is not activated during fetches from intemal 


program memory. 


E}I; 
31 
35 
29 
I 
External 
Access 
Enable: E}I; must be extemally held low to enable the device to fetch code 


from extemal program memory locations OOOOHand 7FFFH. If E}I; is held high, the device 
executes from intemal program memory unless the Pffjram 
counter contains an address 


greater than 7FFFH. If security bit 1 is programmed, 
will be intemally latched on Reset. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the intemal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid 'atch-up" 
effect at power-on, the voltage on any pin at any time must not be higher than Vcc + 0.5V or Vss - 0.5V, respectively. 


Timer 2 
TImer 2 is a 16-bit TImer/Counter which can operate as either an 
event timer or an event counter, as selected by C1T2· in the special 
function register T2CON (see Figure 1). TImer 2 has three operating 
modes:Capture, 
Auto-reload (up or down counting) ,and Baud Rate 


Generator, which are selected by bits in the T2CON as shown in 
Table 2. 


Capture 
Mode 
In the capture mode there are two options which are selected by bit 
EXEN2 in T2CON. If EXEN2=O, then timer 2 is a 16-bit timer or 
counter (as selected by C1T2· in T2CON) which, upon overflowing 
sets bit TF2, the timer 2 overflow bit. This bit can be used to 
generate an interrupt (by enabling the TImer 2 interrupt bit in the 
IE register/SFR table). If EXEN2= 1, TImer 2 operates as described 
above, but with the added feature that a 1- to -0 transition at extemal 
input T2EX causes the current value in the Timer 2 registers, TL2 
and TH2, to be captured into registers RCAP2L and RCAP2H, 
respectively. In addition, the transition at T2EX causes bit EXF2 in 
T2CON to be set, and EXF2 like TF2 can generate an interrupt 
(which vectors to the same location as TImer 2 overflow interrupt. 
The Timer 2 interrupt service routine can interrogate TF2 and EXF2 
to determine which event caused the interrupt). The capture mode is 
illustrated in Figure 2 (There is no reload value for TL2 and TH2 in 
this mode. Even when a capture event occurs from T2EX, the 
counter keeps on counting T2EX pin transitions or osc/12 pulses.). 


Auto-Reload 
Mode (Up or Down Counter) 


In the 16-bit auto-reload mode, TImer 2 can be configured (as either 
a timer or counter (CIT2· in T2CON)) then programmed to count up 
or down. The counting direction is determined by bit DCEN(Down 
Counter Enable) which is located in the T2MOD register (see 


(MSB) 


I 
TF2 


Symbol 
Position 


TF2 
T2CON.7 


EXF2 
T2CON.6 


RCLK 
T2CON.5 


TCLK 
T2CON.4 


EXEN2 
T2CON.3 


TR2 
T2CON.2 
Cm 
T2CON.1 


CPIRl2 
T2CON.0 


Figure 3). When reset is applied the DCEN=O which means TImer 2 
will default to counting up. If DCEN bit is set, TImer 2 can count up 
or down depending on the value of the T2EX pin. 


Figure 4 shows Timer 2 which will count up automatically since 
DCEN=O. In this mode there are two options selected by bit EXEN2 
in T2CON register. If EXEN2=O, then TImer 2 counts up to OFFFFH 
and sets the TF2 (Overflow Flag) bit upon overflow. This causes the 
Timer 2 registers to be reloaded with the 16-bit value in RCAP2L 
and RCAP2H. 


The values in RCAP2L and RCAP2H are preset by software means. 
If EXEN2=1, then a 16-bit reload can be triggered either by an 
overflow or by a 1-to-0 transition at input T2EX. This transition also 
sets the EXF2 bit. The TImer 2 interrupt, if enabled, can be 
generated when either TF2 or EXF2 are 1. 


In Figure 5 DCEN=1 which enables TImer 2 to count up or down. 
This mode allows pin T2EX to control the direction of count. When a 
logic 1 is applied at pin T2EX Timer 2 will count up. Timer 2 will 
overflow at OFFFFH and set the TF2 flag, which can then generate 
an interrupt, if the interrupt is enabled. This timer overflow also 
causes the 16-bit value in RCAP2L and RCAP2H to be reloaded 
into the timer registers TL2 and TH2. 


When a logic 0 is applied at pin T2EX this causes TImer 2 to count 
down. The timer will underflow when TL2 and TH2 become equal to 
the value stored in RCAP2L and RCAP2H. TImer 2 underflow sets 
the TF2 flag and causes OFFFFH to be reloaded into the timer 
registers TL2 and TH2. 


The external flag EXF2 toggles when Timer 2 underflows or 
overflows. This EXF2 bit can be used as a 17th bit of resolution if 
needed. The EXF2 flag does not generate an interrupt in this mode 
of operation. 


(LSB) 


CPIRl2I 
TCLK 
I 
EXEN2 
1__ 
T_R_2 
c_m__ 


Name and Significance 


Timer 2 overflow flag set by a TImer 2 overflow and must be cleared by software. TF2 will not be set 
when either RCLK or TCLK = 1. 


Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and 
EXEN2 = 1. When TImer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the TImer 2 
interrupt routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down 
counter mode (DCEN = 1). 


Receive clock flag. When set, causes the serial port to use TImer 2 overflow pulses for its receive clock 
in modes 1 and 3. RCLK = 0 causes TImer 1 overflow to be used for the receive clock. 


Transmit clock flag. When set, causes the serial port to use TImer 2 overflow pulses for its transmit clock 
in modes 1 and 3. TCLK = 0 causes TImer 1 overflows to be used for the transmit clock. 


Timer 2 external enable flag. When set, allows a capture or reload to occur as a result of a negative 
transition on T2EX if Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes TImer 2 to 
ignore events at T2EX. 


Start/stop control for TImer 2. A logic 1 starts the timer. 


Timer or counter select. (Timer 2) 


o = Internal timer (OSC/12) 
1 = External event counter (falling edge triggered). 


Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if EXEN2 = 1. When 
cleared, auto-reloads will occur either with Timer 2 overflows or negative transitions at T2EX when 
EXEN2 = 1. When either RCLK = 1 or TCLK = 1, this bit is ignored and the timer is forced to auto-reload 
on Timer 2 overflow. 


Product specification 


RCLK+ TCLK 
cp/Ra 
TR2 
MODE 


0 
0 
1 
16-bit Auto-reload 


0 
1 
1 
16·bit Capture 


1 
X 
1 
Baud rate generator 


X 
X 
0 
(off) 


_t 
=.1 


Not Bit Addressable 
I 
I 
DCEN 


o 


T20E 


DCEN 


Not implemented, reserved for future use.' 


Timer 2 Output Enable bit. See details in Programmable Clock-Out. 


Down Count Enable bit. When set, this allows Timer 2 to be configured as an up/down counter. 


, 
User software should not write 1s to reserved bits. These bits may be used in future 8051 family products to invoke new features. 
In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. The value read from a reserved bit is 
indeterminate. 


COUNT 
DIRECTION 
1 -UP 
0= 
DOWN 


Table 3. 
Timer 2 Generated 
Commonly 
Used 
Baud Rates 


Timer 2 
Baud Rate 
Ose Freq 
RCAP2H 
RCAP2L 


375K 
12MHz 
FF 
FF 


9.6K 
12MHz 
FF 
D9 


2.8K 
12MHz 
FF 
B2 


2.4K 
12MHz 
FF 
64 


1.2K 
12MHz 
FE 
C8 


300 
12MHz 
FB 
1E 


110 
12MHz 
F2 
AF 


300 
6MHz 
FD 
8F 


110 
6MHz 
F9 
57 


Baud Rate Generator 
Mode 


Bits TCLK and/or RCLK in T2CON (Table 2) allow the serial port 
transmit and receive baud rates to be derived from either Timer 1 or 
Timer 2. When TCLK= 0, Timer 1 is used as the serial port transmit 
baud rate generator. When TCLK= 1, Timer 2 is used as the serial 
port transmit baud rate generator. RCLK has the same effect for the 
serial port receive baud rate. With these two bits, the serial port can 
have different receive and transmit baud rates - one generated by 
Timer 1, the other by Timer 2. 


Figure 6 shows the Timer 2 in baud rate generation mode. The baud 
rate generation mode is like the auto-reload mode,in that a rollover 
in TH2 causes the Timer 2 registers to be reloaded with the 16-bit 
value in registers RCAP2H and RCAP2L, which are preset by 
software. 


The baud rates in modes 1 and 3 are determined by Timer 2's 
overilow rate given below: 


Modes 1 and 3 Baud Rates = Timer 2 O~~riIOW Rate 


The timer can be configured for either "timer" or "counter" operation. 
In many applications, it is configured for "timer" operation (CfT2*=0). 
Timer operation is different for Timer 2 when it is being used as a 
baud rate generator. 


Usually, as a timer it would increment every machine cycle (i.e., 1/12 
the oscillator frequency). As a baud rate generator, it increments 
every state time (i.e., 1/2 the oscillator frequency). Thus the baud 
rate formula is as follows: 


Modes 1 and 3 Baud Rates = 


Oscillator 
Frequency 


[32 x [65536 - 
(RCAP2H, RCAP2L)]] 


Where: 
(RCAP2H, RCAP2L)= The content of RCAP2H and 


RCAP2L taken as a 16-bit unsigned integer. 


The Timer 2 as a baud rate generator mode shown in Figure 6, is 
valid only if RCLK and/or TCLK = 1 in T2CON register. Note that a 
rollover in TH2 does not set TF2, and will not generate an interrupt. 
Thus, the Timer 2 interrupt does not have to be disabled when 
Timer 2 is in the baud rate generator mode. Also if the EXEN2 
(T2 external enable flag) is set, a 1-to-0 transition in T2EX 
(Timer/counter 2 trigger input) will set EXF2 (T2 ex1ernal flag) but 
will not cause a reload from (RCAP2H, RCAP2L) to (TH2,TL2). 
Therefore when Timer 2 is in use as a baud rate generator, T2EX 
can be used as an additional ex1emal interrupt, if needed. 


When Timer 2 is in the baud rate generator mode, one should not try 
to read or write TH2 and TL2. As a baud rate generator, Timer 2 is 
incremented every state time (oscl2) or asynchronously 
from pin T2; 
under these conditions, a read or write of TH2 or TL2 may not be 
accurate. The RCAP2 registers may be read, but should not be 
written to, because a write might overlap a reload and cause write 
and/or reload errors. The timer should be tumed off (clear TR2) 
before accessing the Timer 2 or RCAP2 registers. 


Table 3 shows commonly used baud rates and how they can be 
obtained from Timer 2. 


Summary 
Of Baud 
Rate Equations 


Timer 2 is in baud rate generating mode. If Timer 2 is being clocked 
through pin T2(P1.0) the baud rate is: 


Baud Rate = Timer 2 Overflow 
Rate 


16 


If Timer 2 is being clocked internally, the baud rate is: 


fosc 
Baud Rate = [32 x [65536 - 
(RCAP2H, RCAP2L)]] 


Where fosc= Oscillator Frequency 


To obtain the reload value for RCAP2H and RCAP2L, the above 
equation can be rewritten as: 


( 
fosc 
) 
RCAP2H, RCAP2L = 65536 - 
32 x Baud Rate 


Timer/Counter 
2 Set-up 
Except for the baud rate generator mode, the values given for 
T2CON do not include the setting of the TR2 bit. Therefore, bit TR2 
must be set, separately, to turn the timer on. see Table 4 for set-up 
of Timer 2 as a timer. Also see Table 5 for set-up of Timer 2 as a 
counter. 


POWER 
OFF FLAG3 
The Power Off Flag (POF) is set by on-ehip circuitry when the Vcc 
level on the 80C54/80C58 rises from 0 to 5V. The POF bit can be 
set or cleared by software allowing a user to determine if the reset is 
the result of a power-on or a warm start after powerdown. The Vcc 
level must remain above 3V for the POF to remain unaffected by the 
Vcc level. 


T2CON 


MODE 
INTERNAL CONTROL 
EXTERNAL 
CONTROL 


(Note 
1) 
(Note 2) 


16-bit Auto-Reload 
OOH 
08H 


16-bit Capture 
01H 
09H 


Baud rate generator receive and transmit same baud rate 
34H 
36H 


Receive only 
24H 
26H 


Transmit only 
14H 
16H 
- 


TMOD 


MODE 
INTERNAL CONTROL 
EXTERNAL 
CONTROL 


(Note 
1) 
(Note 2) 


16-bit 
02H 
OAH 


Auto-Reload 
03H 
OBH 


NOTES: 
1. Capture/reload occurs only on timer/counter overflow. 
2. 
Capture/reload occurs on timer/counter overflow and a 1-to-0 transition on T2EX (P1.1 ) pin except when Timer 2 is used in the baud rate 
generator mode. 
3. 
POF not present in 80C52. 


OSCILLATOR 
CHARACTERISTICS 


XTAL 1 and XTAL2 are the input and output, respectively, of an 
inverting amplifier. The pins can be configured for use as an on-chip 
oscillator. 


To drive the device from an external clock source, XTAL 1 should be 
driven while XTAL2 is left unconnected. There are no requirements 
on the duty cycle of the external clock signal, because the input to 
the internal clock circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and low times specified in 
the data sheet must be observed. 


Reset 
A reset is accomplished 
by holding the RST pin high for at least two 


machine cycles (24 oscillator periods), while the oscillator is running. 
To insure a good power-on reset, the RST pin must be high long 
enough to allow the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At power-on, the voltage on 
Vcc and RST must come up at the same time for a proper start-up. 
Ports 1, 2, and 3 will asynchronousiy 
be driven to their reset 
condition when a voltage above V1H1 (min.) is applied to RESET. 


Idle Mode 
In the idle mode (see Table 6), the CPU puts itself to sleep while all 
of the on-chip peripherals stay active. The instruction to invoke the 
idle mode is the last instruction executed in the normal operating 
mode before the idle mode is activated. The CPU contents, the 
on-chip RAM, and all of the special function registers remain Intact 
during this mode. The idle mode can be terminated either by any 
enabled interrupt (at which time the process is picked up at the 
interrupt service routine and continued), or by a hardware reset 
which starts the processor in the same manner as a power-on reset. 


Power-Down 
Mode 
To save even more power, a Power Down mode (see Table 6) can 
be invoked by software. In this mode, the oscillator is stopped and 
the instruction that invoked Power Down is the last instruction 
executed. The on-chip RAM and Special Function Registers retain 
their values until the Power Down mode is terminated. 


On the 80C52154/58 either a hardware reset or external interrupt 
can be used to exit from Power Down. Reset redefines all the SFRs 
but does not change the on-chip RAM. An external interrupt allows 
both the SFRs and the on-Chip RAM to retain their values. 


To properly terminate Power Down the reset or external interrupt 
should not be executed before Vcc is restored to its normal 
operating level and must be held active long enough for the 
oscillator to restart and stabilize (normally less than 10ms). 


With an external interrupt, INTO and INT1 must be enabled and 
configured as level-sensitive. 
Holding the pin low restarts the 


oscillator but bringing the pin back high completes the exit. Once the 
interrupt is serviced, the next instruction to be executed after RETI 
will be the one following the instruction that put the device into 
Power Down. 


Design 
Consideration 
• When the idle mode is terminated by a hardware reset, the device 
normally resumes program execution, from where it left off, up to 
two machine cycles before the internal rest algorithm takes 
control. On-chip hardware inhibits access to internal RAM in this 
event, but access to the port pins is not inhibited. To eliminate the 
possibility of an unexpected write when Idle is terminated by reset, 
the instruction following the one that invokes Idle should not be 
one that writes to a port pin or to external memory. 


ONCETM Mode 
The ONCE ("On-Circuit Emulation") Mode facilitates testing and 
debugging of systems using the 80C52154/58 without removing the 
device from the circuit. The ONCE Mode is invoked by: 
1. Pull ALE low while the device is in reset and J5SEl\I is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 0 pins go into a float 
state, and the other port pins and ALE and J5SEl\I are weakly pulled 
high. The oscillator circuit remains active. While the 80C52154/58 is 
in this mode, an emulator or test CPU can be used to drive the 
circuit. Normal operation is restored when a normal reset is applied. 


Programmable 
Clock-Out 
The 80C52154/58 has a new feature. A 50% duty cycle clock can be 
programmed to come out on P1.0. This pin, besides being a regular 
I/O pin, has two alternate functions. It can be programmed: 
1. to input the external clock for Timer/Counter 2, or 
2. 
to output a 50% duty cycle clock ranging from 61Hz to 4MHz at a 
16MHz operating frequency. 


To configure the Timer/Counter 2 as a clock generator, bit CIT2 (in 
T2CON) must be cleared and bit T20E in T2MOD must be set. Bit 
TR2 (T2CON.2) also must be set to start the timer. 


The Clock-Out frequency depends on the oscillator frequency and 
the reload value of Timer 2 capture registers (RCAP2H, RCAP2L) 
as shown in this equation: 


Oscillator 
Frequency 


4 x (65536 - 
RCAP2H, RCAP2L) 


In the Clock-Out mode Timer 2 roll-overs will not generate an 
interrupt. This is similar to when it is used as a baud-rate generator. 
It is possible to use Timer 2 as a baud-rate generator and a clock 
generator simultaneously. Note, however, that the baud-rate and the 
Clock-Out frequency will be the same. 


PROGRAM 


MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


Enhanced 
UART 
The UART operates in all of the usual modes that are described in 
the first section of Data Handbook 
IC20, BOC5/-Based 
B-Bit 
Microcontrollers. 
In addition the UART can perform framing error 


detect by looking for missing stop bits, and automatic address 
recognition. The 80C52154/58 
UART also fully supports 


multiprocessor communication 
as does the standard 80C51 UART. 


When used for framing error detect the UART looks for missing stop 
bits in the communication. 
A missing bit will set the FE bit in the 


SCON register. The FE bit shares the SCON.7 bit with SMO and the 
function of SCON.7 is determined by PCON.6 (SMODO) (see 
Rgure 7). If SMODO is set then SCON.7 functions as FE. SCON.7 
functions as SMO when SMODO is cleared. When used as FE 
SCON.7 can only be cleared by software. Refer to Figure 8. 


Automatic 
Address 
Recognition 


Automatic Address Recognition is a feafure which allows the UART 
to recognize certain addresses in the serial bit stream by using 
hardware to make the comparisons. This feature saves a great deal 
of software overhead by eliminating the need for the software to 
examine every serial address which passes by the serial port. This 
feature is enabled by setting the SM2 bit in SCON. In the 9 bit UART 
modes, mode 2 and mode 3, the Receive Interrupt flag (RI) will be 
automatically set when the received by1econtains either the "Given" 
address or the "Broadcast" address. The 9 bit mode requires that 
the 9th information bit is a 1 to indicate that the received information 
is an address and not data. Automatic address recognition is shown 
in Figure 9. 


The 8 bit mode is called Mode 1. In this mode the Rl flag will be set 
if SM2 is enabled and the information received has a valid stop bit 
following the 8 address bits and the information is either a Given or 
Broadcast address. 


Mode 0 is the Shift Register mode and SM2 is ignored. 


Using the Automatic Address Recognition feature allows a master to 
selectively communicate with one or more slaves by invoking the 
Given slave address or addresses. All of the slaves may be 
contacted by using the Broadcast address. Two special Function 
Registers are used to define the slave's address, SADDR, and the 
address mask, SAD EN. SADEN is used to define which bits in the 
SADDR are to b used and which bits are "don't care". The SAD EN 
mask can be logically ANDed with the SADDR to create the "IGiven" 
address which the master will use for addressing each of the slaves. 
Use of the Given address allows multiple slaves to be recognized 
while excluding others. The following examples will help to show the 
versatility of this scheme: 


SADDR 
SADEN 
Given 


1100 0000 
1111 1101 
1100 OOXO 


SADDR 
SADEN 
Given 


1100 0000 
1111 1110 
1100 OOOX 


In the above example SADDR is the same and the SAD EN data is 
used to differentiate between the two slaves. Slave 0 requires a 0 in 
bit 0 and it ignores bit 1. Slave 1 requires a 0 in bit 1 and bit 0 is 
ignored. A unique address for Slave 0 would be 11000010 since 
slave 1 requires a 0 in bit 1. A unique address for slave 1 would be 
11000001 since a 1 in bit 0 will exclude slave O.Both slaves can be 
selected at the same time by an address which has bit 0 = 0 (for 
slave 0) and bit 1 = 0 (for slave 1). Thus, both could be addressed 
with 11000000. 


In a more complex system the following could be used to selecl 
slaves 1 and 2 while excluding slave 0: 


Slave 0 
SADDR 
1100 0000 


SADEN 
1111 1001 


Given 
1100 OXXO 


Slave 1 
SADDR 
1110 0000 


SADEN 
1111 1010 


Given 
1110 OXOX 


Slave 2 
SADDR 
1110 0000 


SADEN 
1111 1100 


Given 
1110 OOXX 


In the above example the differentiation among the 3 slaves is in the 
lower 3 address bits. Slave 0 requires that bit 0 = 0 and it can be 
uniquely addressed by 1110 0110. Slave 1 requires that bit 1 = 0 and 
it can be uniquely addressed by 1110 and 0101. Slave 2 requires 
that bit 2 = 0 and its unique address is 1110 0011. To selecl Slaves 0 
and 1 and exclude Slave 2 use address 1110 0100, since it is 
necessary t make bit 2 = 1 to exclude slave 2. 


The Broadcast Address for each slave is created by taking the 
logical OR of SADDR and SADEN. Zeros in this result are teated as 
don't-cares. In most cases, interpreting the don't-cares as ones, the 
broadcast address will be FF hexadecimal. 


Upon reset SADDR (SFR address OA9H) and SADEN (SFR 
address OB9H) are leaded with Os.This produces a given address 
of all "don't cares" as well as a Broadcast address of all "don't 
cares". this effectively disables the Automatic Addressing mode and 
allows the microcontroller to use standard 80C51 type UART drivers 
which do not make use of this feature. 


seON 
Address = 98H 


Bit Addressable 
I SMOIFE I 
SMl 
Bit: 
7 
6 


(SMODO = 0/1)* 


REN 


TB8 


RBO 


Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit. 


Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO) 


Serial Port Mode Bit 1 
SMO 
SMl 
Mode 
Description 
Baud Rate-- 


o 
0 
0 
shift register 
fose/12 


o 
1 
1 
S·bit UART 
variable 


1 
0 
2 
9·bit UART 
fose/64 or fose/32 


1 
1 
3 
9·bit UART 
variable 


Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then RI will not be set unless the 
received 9th data bit (RBS) is 1, indicating an address, and the received byte is a Given or Broadcast Address. 
In Mode 1, if SM2 = 1 then RI will not be activated unless a valid stop bit was received, and the received byte is a 
Given or Broadcast Address. In Mode 0, SM2 should be O. 


Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 


In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = 0, RBS.is the stop bit that was received. 
In Mode 0, RB8 is not used. 


Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. Must be cleared by software. 


Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in 
the other modes, in any serial reception (except see SM2). Must be cleared by software. 


NOTE: 
·SMODO 
is located 
at peON6. 


··'ase 
= oscillator frequency 


START 
DATA BYTE 
ONLY 
IN 
STOP 


BIT 
MODE 
2, 3 
BIT 


SET FE BIT IF STOP 
BIT IS 0 (FRAMING 
ERROR) 


SMO TO UART 
MODE 
CONTROL 


IN UART 
MODE 
2 OR MODE 
3 AND 
SM2 = ,: 


INTERRUPT 
IF REN=I. 
R_, 
AND "RECEIVED 
ADDRESS· 
= "PROGRAMMED 
ADDRESS" 


- WHEN 
OWN 
ADDRESS 
RECEIVED. 
CLEAR 
SM2 TO RECEIVE 
DATA BYTES 
- WHEN 
ALL 
DATA BYTES 
HAVE 
BEEN 
RECEIVED: 
SET SM2 TO WAIT 
FOR 
NEXT 
ADDRESS. 


Interrupt 
Priority 
Structure 


ThB 80C52154/58 
has a 6-sourcB four-level interrupt structure. There 


are 3 SFRs associated with the interrupts on the 80C52154/58. 
They 


are the IE and IP. (See Figures 10 and 11.) In addition, there is the 
IPH (Interrupt Priority High) register that makes the four-level 
interrupt structure possible. The IPH is located at SFR address B7H. 
The structure of the IPH register and a description of its bits is 
shown below: 


543 
I 
PT2H I 
PSH I 
PT1H 
PX1H 
PTOH 
PXOH 


IPH.O 
PXOH External interrupt 0 priority high 


IPH.1 
PTOH Timer 0 interrupt priority high 


IPH.2 
PX1H 
External interrupt 1 priority high 
IPH.3 
PT1H 
Timer 1 interrupt priority high 


IPH.4 
PSH 
Serial Port interrupt high 


IPH.5 
PT2H 
Timer 2 interrupt priority high 
IPH.6 
Not implemented 
IPH.7 
Not implemented 


The function of the IPH SFR is simple and when combined with the 
IP SFR determines the priority of each interrupt. The priority of each 
interrupt is determined as shown in the following table: 


PRIORITY BITS 
INTERRUPT PRIORITY lEVEL 


IPH.x 
IP.x 


0 
0 
level 
0 (lowest priority) 


0 
1 
level 
1 


1 
0 
level 2 


1 
1 
level 3 (highest priority) 


The priority scheme for servicing the interrupts is the same as that 
for the 80C51 , except there are four interrupt levels on the 
80C52154/58 
rather than two as on the 80C51 . An interrupt will be 


serviced as long as an interrupt of equal or higher priority is not 
already being serviced. If an interrupt of equal or higher level priority 
is being serviced, the new interrupt will wait until it is finished before 
being serviced. If a lower priority level interrupt is being serviced, it 
will be stopped and the new interrupt serviced. When the new 
interrupt is finished, the lower priority level interrupt that was 
stopped will be completed. 


SOURCE 
POLLING PRIORITY 
REQUEST BITS 
HARDWARE CLEAR? 
VECTOR ADDRESS 


XO 
1 
IEO 
N (l}l 
Y (T}2 
03H 


TO 
2 
TPO 
Y 
OBH 


X1 
3 
IE1 
N(l) 
Y (T) 
13H 


T1 
4 
TF1 
Y 
1BH 


SP 
5 
R1, TI 
N 
23H 


T2 
6 
TF2, EXF2 
N 
2BH 


PCA 
7 
CF, CCFn 
N 
33H 
n-0-4 


NOTES: 
1. L = Level activated 
2. 
T = Transition activated 


BIT 
SYMBOL 
IE.? 
EA 


IE.6 
IE.5 
ET2 


lEA 
ES 
IE.3 
ET1 
IE.2 
EX1 
IE.1 
ETO 


IE.O 
EXO 


FUNCTION 
Global disable bit. If EA = 0, all interrupts are disabled. If EA = 1, each interrupt can be individually 
enabled or disabled by selling or clearing its enable bit. 


Timer 2 interrupt enable bit. 
Serial Port interrupt enable bit. 
Timer 1 interrupt enable bit. 
Extemal interrupt 1 enable bit. 
Timer 0 interrupt enable bit. 
Extemal interrupt 0 enable bit. 


Priority Bit = 1 assigns high priority 
Priority Bit = 0 assigns low priority 


BIT 
SYMBOL 
FUNCTION 


IP.? 
Not implemented, reserved for future use. 


IP.6 
IP.5 
PT2 
Timer 2 interrupt priority bit. 


IPA 
PS 
Serial Port interrupt priority bit. 


IP.3 
PT1 
Timer 1 interrupt priority bit. 


IP.2 
PX1 
External interrupt 1 priority bit. 


IP.1 
PTO 
Timer 0 interrupt priority bit. 


IP.O 
PXO 
External interrupt 0 priority bit. 


Reduced EMI Mode 
The AD bit (AUXR.O) in the AUXR register when set disables the 
ALE output. 


80C52180C54/80C58 
Reduced EMI Mode 


AUXR (8EH) 


Dual Data Pointer Register (DPTR) 
The dual DPTR structure (see Figure 12) is a way by which the 
60C52/54/56 will specify the address of an external data memory 
location. There are two 16·bit DPTR registers that address the 
external memory, and a single bit called DPS ; AUXR1lbitO that 
allows the program code to switch between them. 


• Register Name: AUXR1# 


• SFR Address: A2H 


• Reset Value: xxxxxxxOB 


Select Reg 


DPTRO 


DPTR1 


EXTERNAL 
DATA 


MEMORY 


SUD074SA 


DPTR Instructions 
The instructions that refer to DPTR refer to the data pointer that is 
currently selected using the AUXR1lbit 0 register. The six 
instructions that use the DPTR are as follows: 


INC DPTR 


MOV DPTR, #data16 


MOV A, @ A+DPTR 


Increments the data pointer by 1 


Loads the DPTR with a 16-bit constant 


Move code byte relative to DPTR to 
ACC 


Move external RAM (16-bit address) to 
ACC 


Move ACC to external RAM (16-bil 
address) 


Jump indirect relative to DPTR 


The data pointer can be accessed on a byte-by-byte basis by 
specifying the Low or High byte in an instruction which accesses the 
SFRs. See application note AN456 for detailed operation 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 or-40 
to +85 
°C 


Storage temperature range 
-65 to +150 
°C 


Voltage on EANpp pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-{).5 to +6.5 
V 


Maximum IOLper 110 pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not device power consumption) 
1.5 
W 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 
2. 
This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C or -40°C to +85°C, Vee = 5.0V ±10%; VSS = OV 


TEST 
LIMITS 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
MIN 
Typ1 
MAX 


VIL 
Input low voltage 
4.5V < Vee < 5.5V 
-{).5 
0.2Ve~·1 
V 


VIH 
Input high voltage (ports 0, 1, 2, 3, fA) 
0.2Vee+0.9 
Vee+O.5 
V 


VIH1 
Input high voltage, XTAL 1, RST 
0.7Vee 
Vee+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 38 
Vee=4.5V 
0.4 
V 
IOL= 1.6mA2 


VOL1 
Output low voltage, port 0, ALE, J5SEII8, 7 
Vee= 
4.5V 
0.4 
V 
IOL=3.2mA2 


VOH 
Output high voltage, ports 1, 2, 3 3 
Vee= 
4.5V 
Vee-O.7 
V 
IOH= -301lA 


VOH1 
Outputp~~%,j'oltage 
(port 0 in external bus mode), 
Vee = 4.5V 
Vee-0.7 
V 
ALE9, 
IOH=-3·2mA 


IlL 
Logical 0 input current, ports 1, 2, 3 
VIN = OAV 
-1 
-50 
IlA 


ITL 
Logical l-to-O transition current, ports 1, 2, 36 
VIN = 2.0V 
-650 
IlA 
See note 4 


III 
Input leakage current, port 0 
0045 < VIN < Vee - 0.3 
±10 
IlA 


Ice 
Power supply current (see Figure 20): 
See note 5 
Active mode @ 16MHz5 
16 
mA 
Idle mode @ 16MHz5 
4 
mA 
Power-down mode 
Tamb= 0 to +70°C 
3 
50 
IlA 


Tamb= -40 to +85°C 
75 
IlA 


RRST 
Internal reset pUll-down resistor 
40 
225 
kn 


CIO 
Pin capacitance 10 (except EA) 
15 
pF 
NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VoLs of ALE and ports 1 and 3. The noise is due 
to ex1emal bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than SmA and no more than two outputs exceed the test conditions. 
3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and 'PS'ElII to momentarily fall below the (Ve~. 
7) specification when the 


address bits are stabilizing. 
. 


4. 
Pins of ports 1, 2 and 3 source a transition current when they are being ex1emally driven from 1 to o. The transition current reaches its 
maximum value when VIN is approximately 2V. 
5. 
See Figures 21 through 24 for Ice test conditions. 


Active Mode: 
Ice = 0.9 x FREQ + 1.1; 


Idle Mode: 
Ice = 0.18 x FREQ +1.0; See Figure 20. 
6. This value applies to Tamb= O°Cto +70°C. ForTamb = -40°C to +85°C, ITL= -7501lA. 
7. 
Load capacitance for port 0, ALE, and 'PS'ElII = 100pF, load capacitance for all other outputs = 80pF. 


8. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
15mA (·NOTE: This is 85°C specification.) 


Maximum IOLper 8-bit port: 
26mA 
Maximum totalloL 
for all outputs: 
71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


9. 
ALE is tested to VOH1, except when ALE is off then VOH is the voltage specification. 


10. Pin capacitance is characterized but not tested. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF 
(except EA it is 25pF). 


VC~5=X 
>C 
o2VCC+O 
9 


o 45V 
"_O_2_V_c_~~_' 
_ 


TIMING 
REFERENCE 


POINTS 


NOTE: 
AC inputs during 
testing 
are driven 
at Vcc 
-0.5 
fOf' a logic '1' and OASV for a logic '0'. 
TlfTling measurements 
are made 
at VIH min for a logic '" 
and VIL maxlor 
a logic '0'. 


NOTE: 
For timing purposes, a port is no longer floating when a loamV change from 
load voltage oc:curs, and begins to float when a loamV change from the loaded 
Va/'iOllevel 
occurs. 
JoHI1oL > ±2OmA 


Figure 20. lee vs. FREQ 
Valid only within 
frequency 
specifications 
of the device under test 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb;=O°C to +70°C or-40°C 
to +85°C, VCC;= 5V ±10%, Vss;= OV1,2, 3 


24M Hz CLOCK 
VARIABLE 
CLOCK4 
33MHzCLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
UNIT 


l/lclCl 
13 
Oscillator frequency 
3.5 
33 


Speed versions 
: I (24MHz) 
3.5 
24 
MHz 
: N (33M Hz) 
3.5 
33 


tlHll 
13 
ALE pulse width 
43 
2!clCl-40 
21 
ns 


tAVll 
13 
Address valid to ALE low 
17 
IclCl 
25 
5 
ns 


tlLAX 
13 
Address hold after ALE low 
17 
IclCl-25 
ns 


tlLlV 
13 
ALE low to valid instruction in 
102 
4lclCl--85 
55 
ns 


tllPl 
13 
ALE low to PSEN low 
17 
IclCl-25 
5 
ns 


tPlPH 
13 
PSEN pulse width 
80 
3lclCl-45 
45 
ns 


tPLIV 
13 
PSEN low to valid instruction in 
65 
3lclCl--80 
30 
ns 


tpXIX 
13 
Input instruction hold after PSEN 
0 
0 
0 
ns 


tPXIZ 
13 
Input instruction float after PSEN 
17 
IclCl-25 
5 
ns 


tAVIV 
13 
Address to valid instruction in 
128 
5lclCl--80 
70 
ns 


tpLAZ 
13 
PSEN low to address float 
10 
10 
10 
ns 


Data Memory 


tRlRH 
14,15 
RO pulse width 
150 
6lclCl-100 
82 
ns 


tWlWH 
14,15 
WF! pulse width 
150 
6lclCl-100 
82 
ns 


tRlDV 
14,15 
RO low to valid data in 
118 
5lclCl-90 
60 
ns 


tRHDX 
14, 15 
Data hold after RO 
0 
0 
0 
ns 


tRHDZ 
14,15 
Data float after RO 
55 
2!clCl-28 
32 
ns 


tllDV 
14,15 
ALE low to valid data in 
183 
8lclCl-150 
90 
ns 


tAVDV 
14,15 
Address to valid data in 
210 
91clCl-165 
105 
ns 


tllWl 
14,15 
ALE low to RO or WR low 
75 
175 
3lclCl-50 
3lclCl+50 
40 
140 
ns 


tAVWl 
14, 15 
Address valid to WF! low or RO low 
92 
4lclCl-75 
45 
ns 


tavwx 
14,15 
Data valid to WF! transition 
12 
IclCl-30 
0 
ns 


tWHQX 
14,15 
Data hold after WJ!1' 
17 
IclCl-25 
5 
ns 


taVWH 
15 
Data valid to WJ!1'high 
162 
7lclCl-130 
80 
ns 


tRLAZ 
14,15 
RO low to address float 
0 
0 
0 
ns 


tWHlH 
14,15 
RO or WJ!1'high to ALE high 
17 
67 
IclCl-25 
IclCl+25 
5 
55 
ns 


EX1ernal Clock 


IcHCX 
17 
High time 
17 
17 
IclCl -IclCX 
ns 


tClCX 
17 
Low time 
17 
17 
IclCl -IcHCX 
ns 


tClCH 
17 
Rise time 
5 
5 
ns 


IcHCl 
17 
Fall time 
5 
5 
ns 


Shift Register 


tXLXl 
16 
Serial port clock cycle time 
505 
12!clCl 
360 
ns 


taVXH 
16 
Output data setup to clock rising edge 
283 
10lclCl -133 
167 
ns 


tXHQX 
16 
Output data hold after clock rising edge 
3 
2!clCl--80 
ns 


tXHDX 
16 
Input data hold after clock rising edge 
0 
0 
0 
ns 


tXHDV 
16 
Clock rising edge to input data valid 
283 
1OtelCl-l33 
167 
ns 
NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and PSEIiJ ;=100pF, load capacitance for all other outputs ;=80pF. 
3. 
Interfacing the 80C52154/58 to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port a 
drivers. 


4. 
Variable clock is specified for oscillator frequencies greater than 16MHz to 33M Hz. For frequencies equal or less than 16MHz, see 16MHz 
"AC Electrial Characteristics", 
page 3·206. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O'C to +70'C or-40'C 
to +85'C, Vcc = 5V ±10%, Vss = OV'. 2.3 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lclCl 
13 
Oscillator frequency 
Speed versions 
:E 
3.5 
16 
MHz 


tlHll 
13 
ALE pulse width 
85 
2lclCl-40 
ns 


tAVll 
13 
Address valid to ALE low 
22 
IclCl-40 
ns 


llLAX 
13 
Address hold after ALE low 
32 
IclCl-30 
ns 


tlLlV 
13 
ALE low to valid instruction in 
. 
150 
4lclCl-100 
ns 


tllPl 
13 
ALE low to F'SE1iIlow 
32 
IclCl-30 
ns 


tPlPH 
13 
F'SE1iIpulse width 
142 
3lclCl-45 
ns 


tPLIV 
13 
F'SE1iIlow to valid instruction in4 
62 
3lclCl-105 
ns 


tpXIX 
13 
Input instruction hold after F'SE1iI 
0 
0 
ns 


tPXIZ 
13 
Input instruction float after F'SE1iI 
37 
IclCl-25 
ns 


tAVIV 
13 
Address to valid instruction in4 
207 
5lclCl-105 
ns 


tpLAZ 
13 
F'SE1iIlow to address float 
10 
10 
ns 


Data Memory 


tRlRH 
14,15 
RO pulse width 
275 
6lclCl-100 
ns 


tWlWH 
14,15 
WR pulse width 
275 
6lclCl-100 
ns 


tRlDV 
14,15 
RO low to valid data in 
147 
5lclCl-165 
ns 


tRHDX 
14,15 
Data hold after RO 
0 
0 
ns 


tRHDZ 
14,15 
Data float after RO 
65 
2lclCl-60 
ns 


tllDV 
14,15 
ALE low to valid data in 
350 
6lclCl-150 
ns 


tAVDV 
14,15 
Address to valid data in 
397 
9lclCl-165 
ns 


tllWl 
14,15 
ALE low to RO or WR low 
137 
239 
3lclCl-50 
3lclCl+50 
ns 


tAvwl 
14,15 
Address valid to WR low or RO low 
122 
4lclCl-130 
ns 


tavwx 
14,15 
Data valid to WR transition 
13 
IclCl-50 
ns 


tWHOX 
14,15 
Data hold after WR 
13 
IclCl-50 
ns 


tovwH 
15 
Data valid to WR high 
267 
7lclCl-150 
ns 


tRLAZ 
14,15 
liD low to address float 
0 
0 
ns 


tWHlH 
14,15 
RO or WR high to ALE high 
23 
103 
tClCl-40 
IclCl+40 
ns 


External 
Clock 


tCHCX 
17 
High time 
20 
20 
tClCl -IclCX 
ns 


tClCX 
17 
Low time 
20 
20 
tClCl -IcHCX 
ns 


tClCH 
17 
Rise time 
20 
20 
ns 


tCHCl 
17 
Fall time 
20 
20 
ns 


Shift Register 


tXLXl 
16 
Serial port clock cycle time 
750 
12lclCl 
ns 


taVXH 
16 
Output data setup to clock rising edge 
492 
10lclCl -133 
ns 


tXHOX 
16 
Output data hold after clock rising edge 
6 
2lclCl-117 
ns 


tXHDX 
16 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
16 
Clock rising edge to input data valid 
492 
10lclCl -133 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and F'SE1iI= 100pF, load capacitance for all other outputs = 60pF. 


3. 
Interfacing the 60C52/54/56 to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 
. 


4. 
See application note AN457 for external memory interfacing. 


IllWl 
IWlWH 


WR 


It.LAX 
IAVll 
tavwx 


taVWH 


POATO 
DATAOUT 
A~A7 FADM PCl 
INSTA IN 


1 
-I r- IXHQX 
taVXH r------J 
1 


INPUT DATA 
'----t' 


CLEAA AI 


VCC-O·5 
- - - - 


O·7VCC 
O.45V 
O.2VCC-O.1 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The first character is always 
l' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. The 
designations are: 
A - 
Address 
C- 
Clock 
D - 
Input data 
H - 
Logic level high 
I - 
Instruction (program memory contents) 


L - 
Logic level low, or ALE 


P - 
J5SEf'J' 
Q - 
Output data 
R- 
m:isignal 


t 
- 
TIme 
V - 
Valid 


w- WRsignal 
X - 
No longer a valid logic level 
Z - 
Float 


Examples: 
tAvLL= TIme for address valid to ALE low. 
tLLPL =TIme for ALE low to J5SEf'J' low. 


Figure 21. Icc Test Condition, 
Active 
Mode 


All other pins are disconnected 
Figure 22. Icc Test Condition, 
Idle Mode 


All other pins are disconnected 


Ve<;-{)·5 
- 
- 
- 
- 
o·7Vee 
O.4SV 
o.2Ve<;-{).1 


Figure 23. Clock Signal Waveform 
for Icc Tests in Active and Idle Modes 


teLCH = tCHCL = 5ns 


Figure 24. lec Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 5.5V 


Security Bits 
With none of the security bns programmed the code in the program 
memory can be verified. If the encryption table is programmed, the 
code will be encrypted when verified. When only security b~ 1 (see 
Table 8) is programmed, MOVC instructions executed from external 
program memory are disabled from fetching code bytes from the 


internal memory, ~ 
is latched on Reset and all further programming 
of the EPROM is disabled. When security bits 1 and 2 are 
programmed, in addition to the above, verify mode is disabled. 


Encryption Array 
64 bytes of encryption array are initially unprogrammed 
(all 1s). 


PROGRAM LOCK BITS1. 2 


SB1 
SB2 
PROTECTION 
DESCRIPTION 


1 
U 
U 
No Program Security features enabled. 
(Code verify will still be encrypted by the Encryption Array if programmed.) 


2 
P 
U 
MOVC instructions executed from external program memory are disabled from fetching code bytes from 
internal memory, ~ 
is sampled and latched on Reset, and further programming of the EPROM is disabled. 


NOTES: 
1. P - programmed. 
U - unprogrammed. 


2. 
Any other combination of the security bits is not defined. 


80C52 ROM CODE SUBMISSION 
When submitting ROM code for the 80C52, the following must be specified: 
1. 8k byte user ROM data 


2. 
64 byte ROM encryption key 


3. 
ROM security bits. 


ADDRESS 
CONTENT 
. 
BIT(S) 
COMMENT 


OOOOHto 1FFFH 
DATA 
7:0 
User ROM Data 


2000H to 201 FH 
KEY 
7:0 
ROM Encryption Key 
FFH = no encryption 


2020H 
SEC 
0 
ROM Security Bit 1 
o = enable security 
1 = disable security 


2020H 
SEC 
1 
ROM Security Bit 2 
o = enable security 
1 = disable security 


Security 
Bit 1: When programmed, this bit has two effects on masked ROM parts: 
1. External MOVC is disabled, and 
2. ~ 
is latched on Reset. 


Security 
Bit 2: When programmed, this bit inhibits Verify User ROM. 


If the ROM Code file does not include the options, the following information must be included with the ROM code. 


For each of the following, check the appropriate box, and send to Philips along with the code: 


Security Bit #1: 
0 Enabled 
0 Disabled 


Security Bit #2: 


Encryption: 
o Enabled 
o No 


80C54 ROM CODE SUBMISSION 
When submitting ROM code for the 80e54, the following must be specified: 
1. 
16k byte user ROM data 


2. 64 byte ROM encryption key 


3. 
ROM security bits. 


ADDRESS 
CONTENT 
BIT(S) 
, 
COMMENT 


OOOOHto 3FFFH 
DATA 
7:0 
User ROM Data 


4000H to 401FH 
KEY 
7:0 
ROM Encryption Key 
FFH = no encryption 


4020H 
SEe 
0 
ROM Security Bit 1 
o = enable security 
1 = disable security 


4020H 
SEe 
1 
ROM Security Bit 2 
o = enable security 
1 = disable security 


Security 
Bit 1: When programmed, this bit has two effects on masked ROM parts: 
1. External Move is disabled, and 
2. Ell: is latched on Reset. 


Security 
Bit 2: When programmed, this bit inhibits Verify User ROM. 


If the ROM eode file does not include the options, the following information must be included with the ROM code. 


For each of the following, check the appropriate box, and send to Philips along with the .code: 


o Enabled 
o Enabled 
o No 


o Disabled 
o Disabled 


Security Bit #1: 


Security Bit #2: 


80C58 ROM CODE SUBMISSION 
When submitting ROM code for the BOCSB,the following must be specified: 
1. 32k byte user ROM data 


2. 
64 byte ROM encryption key 


3. 
ROM security bits. 


ADDRESS 
CONTENT 
BIT(S) 
COMMENT 


OOOOHto 7FFFH 
DATA 
7:0 
User ROM Data 


BOOOHto B01FH 
KEY 
7:0 
ROM Encryption Key 
FFH = no encryption 


B020H 
SEC 
0 
ROM Security Bit 1 
o = enable security 
1 = disable security 


B020H 
SEC 
1 
ROM Security Bit 2 
o = enable security 
1 = disable security 


Security 
Bit 1: When programmed, this bit has two effects on masked ROM parts: 


1. Extemal MOVC is disabled, and 
2. Ell; is latched on Reset. 


Security 
Bit 2: When programmed, this bit inhibits Verify User ROM. 


If the ROM code file does not include the options, the following information must be included with the ROM code. 


For each of the following check the appropriate box and send to Philips along with the code: 


Security Bit #1: 


Security Bit #2: 


Encryption: 


o Enabled 
o Enabled 
o No 


o Disabled 
o Disabled 


DESCRIPTION 
The 87C54/87C58 Single-Chip 8·Bit Microcontroller is manufactured 
in an advanced CMOS process and is a derivative of the 80C51 
microcontroller family. The 87C54/87C58 has the same instruction 
set as the 80C51 . 


PIN CONFIGURATIONS 


vcc 


PO.OIADO 


PO.1/AOl 


PO.21A02 


PO.3IAD3 


PO.4/AD4 


PO.51AD5 


PO.61AD6 


PO.7/AD7 


OlWpp 


AI.EII'ROG 


Il'mlIP3.2 
!'SUI 


P2.7/A15 


P2.61A14 


T11P3.5 
P2.5JA13 


P2.41A12 


P2.3IAll 


XTAL2 
P2.21Al0 


P2.1/A9 


vss 
P2.OIAB 


SUOO748 


This device provides architectural enhancements that make it 
applicable in a variety of applications for general control systems. 
The 87C58 contains 32k x 8 EPROM memory, and the 87C54 
contains 16k x 8 EPROM memory, a volatile 256 x 8 readlwrite data 
memory, four 8-bit I/O ports, three 16-bit timer/event counters, a 
multi-source, two-priority-Ievel, 
nested interrupt structure, an 


enhanced UART and on-chip oscillator and timing circuits. For 
systems that require extra capability, the 87C54/87C58 can be 
expanded using standard TIL compatible memories and logic. 


Its added features make it an even more powerful microcontroller for 
applications that require pulse width modulation, high-speed I/O and 
up/down counting capabilities such as motor control. It also has a 
more versatile serial channel that facilitates multiprocessor 
communications. 


• 80C51 central processing unit 


• 16k x 8 EPROM expandable extemally to 64k bytes (87C54) 


• 16k x 8 EPROM (87C54) and 
32k x 8 EPROM expandable extemally to 64k bytes (87C58) 


- 
Improved Quick Pulse programming algorithm 


- Two level program security system 


- 
32 byte encryption array 


• 256 x 8.RAM, expandable externally to 64k bytes 


• Three 16-bit timer/counters 


- 
T2 is an up/down counter 


• Four 8-bill/0 
ports 


• Full-duplex enhanced UART 


- 
Framing error detection 


- Automatic address recognition 


• Power control modes 


- 
Idle mode 


- 
Power-down mode 


• Once (On Circuit Emulation) Mode 


• Five package styles 


• OTP package available 


• Programmable clock out 


• 6 interrupt sources 


• 2 level priority 


16kx8 
32k x 8 
TEMPERATURE 
RANGE °C AND PACKAGE 
FREQUENCY 
DRAWING 


EPROM' 
EPROM' 
NUMBER 


P87C54EBP N 
P87C58EBP 
N 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
16MHz 
SOT129·1 


P87C54EBF 
FA 
P87C58EBF 
FA 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wfWindow 
16MHz 
0590B 


P87C54EBA A 
P87C58EBA A 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
'6MHz 
SOT187-2 


P87C54EBL 
KA 
P87C58EBL 
KA 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wfWindow 
16MHz 
1472A 


P87C54EBB 
B 
P87C58EBB 
B 
OTP 
o to +70, 44-Pin Plastic Quad Flat Pack 
16MHz 
SOT307-2 


P87C54EFP 
N 
P87C58EFP 
N 
OTP 
-40 to +85, 40-Pin Plastic Dual In-line Package 
16MHz 
SOT129-1 


P87C54EFF 
FA 
P87C58EFF 
FA 
UV 
-40 to +85, 40-Pin Ceramic Dual In-line Package wfWindow 
16MHz 
0590B 


P87C54EFA 
A 
P87C58EFA 
A 
OTP 
-40 to +85, 44-Pin Plastic Leaded Chip Carrier 
16MHz 
SOT187-2 


P87C54EFB 
B 
P87C58EFB 
B 
OTP 
-40 to +85, 44-Pin Plastic Quad Flat Pack 
16MHz 
SOT307-2 


P87C541BP 
N 
P87C581BP 
N 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
24MHz 
SOT129-1 


P87C541BF 
FA 
P87C581BF 
FA 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wfWindow 
24MHz 
0590B 


P87C541BA 
A 
P87C581BA 
A 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
24MHz 
SOT187-2 


P87C541BL 
KA 
P87C581BL 
KA 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wfWindow 
24MHz 
1472A 


P87C541BB 
B 
P87C581BB 
B 
OTP 
o to +70, 44-Pin Plastic Quad Flat Pack 
24MHz 
SOT307-2 


P87C541FP 
N 
P87C581FP 
N 
OTP 
-40 to +85, 40-Pin Plastic Dual In-line Package 
24M Hz 
SOT129-1 


P87C541FF 
FA 
P87C581FF 
FA 
UV 
-40 to +85, 40-Pin Ceramic Dual In-line Package wfWindow 
24MHz 
0590B 


P87C541FA 
A 
P87C581FA 
A 
OTP 
-40 to +85, 44-Pin Plastic Leaded Chip Carrier 
24MHz 
SOT187-2 


P87C541FB 
B 
P87C581FB 
B 
OTP 
-40 to +85, 44-Pin Plastic Quad Flat Pack 
24MHz 
SOT307-2 


NOTE: 
1. OTP = One Time Programmable 
EPROM. 
UV = Erasable EPROM. 


EE~~@ 
::::::ADDRESS 
AND 
4---+ 
~........ 
DATA 
BUS 
_0.- 
- - 
- - 
~l~_T2 
~f~ 
-~~ 
- - 
_ 
N_ 
EE ~~ 
ADDRESSBUS 


r------------- 
I 
I 


vccl 
-'-I 
vsslJl 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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--------------l 
I 
I 
I 
I 


SFRs 


TIMERS 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
__________ 
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SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


AUXR# 
Auxiliary 
8EH 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
AO 
xxxxxxxOB 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data Pointer (2 bytes) 
DPH 
Data Pointer High 
83H 
OOH 
DPL 
Data Pointer Low 
82H 
OOH 
AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE" 
Interrupt Enable 
A8H 
EA 
I 
- 
I 
ET2 
I 
ES 
I 
ET1 
I 
EX1 I 
ETO I 
EXO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP" 
Interrupt Priority 
B8H 
- 
I 
- 
I 
PT2 I 
PS 
I 
PT1 
I 
PX1 I 
PTO I 
PXO 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO" 
PortO 
80H 
AD7 
I 
AD6 
I 
ADS I AD4 
I 
AD3 
I 
AD2 I AD1 I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1" 
Port 1 
90H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I T2EX 
I 
T2 
FFH 


A7 
A6 
AS 
A4 
A3 
A2 
A1 
AO 


P2" 
Port 2 
AOH 
AD15 I AD14 I AD13 I AD12 I AD11 
I AD10 I AD9 I 
AD8 
FFH 
, 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 
I 


P3" 
Port 3 
BOH 
RUIWRI 
T1 
I 
TO 
I TmT 
I Ifm I TxD 
I 
RxD 
FFH 


PCON# 
Power Control 
87H 
SMOOI I SMOODI 
- 
I pOF1 
I 
GF1 
I 
GFO I 
PD 
I 
IDL 
OOxxxxOOB 


07 
06 
05 
04 
03 
02 
01 
DO 


PSW" 
Program Status Word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RSI 
I 
RSO I 
OV 
I 
- 
I 
P 
OOH 


RCAP2H# 
Timer 2 Capture High 
CBH 
OOH 
RCAP2L# 
limer 
2 Capture Low 
CAH 
OOH 
SADDR# 
Slave Address 
A9H 
OOH 
SADEN# 
Slave Address Mask 
B9H 
OOH 


SBUF 
Serial Data Buffer 
99H 
xxxxxxxxB 
9F 
9E 
90 
9C 
9B 
9A 
99 
98 
SCON" 
Serial Control 
98H 
SMO I 
SMI 
I 
SM2 
I 
REN 
I 
TB8 
I 
RB8 I 
TI 
I 
RI 
OOH 
SP 
Stack Pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 
TCON" 
limer 
Control 
88H 
TF1 
I 
TR1 
I 
TFO I 
TRO 
I 
lEI 
I 
1T1 I 
IEO I 
ITO 
OOH 


CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 
T2CON#" 
Timer 2 Control 
C8H 
TF2 
I 
EXF2 
I RCLK I TCLK I EXEN2 I 
TR2 I cm 
I CPi'Ra 
OOH 
THO 
Timer High 0 
8CH 
OOH 
TH1 
limer 
High 1 
8DH 
OOH 


TH2# 
limer 
High 2 
CDH 
OOH 
TLO 
limer 
Low 0 
8AH 
OOH 
TL1 
limer 
Low 1 
8BH 
OOH 
TL2# 
limer 
Low 2 
CCH 
OOH 


C7 
C6 
C5 
C4 
C3 
C2 
Cl 
CO 
TMOD 
Timer Mode 
89H 
GATE I crr 
I 
Ml 
I 
MO 
I 
GATE 
I 
crr 
I 
Ml 
I 
MO 
OOH 
T2MOD#" 
Timer 2 Mode Control 
C9H 
- 
I 
- 
I 
- 
I 
I 
I 
I T20E I DCEN 
xxxxxxOOB 


" 
SFRs are bit addressable. 


# 
SFRs are modified from or added to the 80C51 SFRs. 


1. Reset value depends on reset source. 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vee 
40 
44 
38 
I 
Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 


PO.O-O.7 
39-32 
43-36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to them 
float and can be used as high-impedance 
inputs. Port 0 is also the multiplexed low-order 


address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pUll-ups when emitting 1s. Port 0 also outputs the code 
bytes during program verification and receives code bytes during EPROM programming. 
External pull-ups are required during program verification. 


P1.o-P1.7 
1-8 
2-9 
40-44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal puII·ups, except P1.6 and P1.7 
1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: 
IILl· 


Port 1 also receives the low-order address byte during program memory verification. 
Alternate functions include: 
1 
2 
40 
I 
T2 (P1.0): Timer/Counter 2 external count inpuVClockout 


2 
3 
41 
I 
T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction 
Control 


P2.o-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-Ups. Port 2 pins that have 1s 
written to them are pulled high by the internal pull·ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pUlled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: 
'ILl. Port 2 emits the high-order address byte 


during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal pUll-Ups 
when emitting 1s. During accesses to external data memory that use 8-bit addresses (MOV 
@Ri), port 2 emits the contents of the P2 special function register. Some Port 2 pins receive 
the high order address bits during EPROM programming and verification. 


P3.o-P3.7 
10-17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s 


13--19 
7-13 
written to them are pulled high by the internal pUll-Ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pUlled low will source current because of the pUll-Ups. 
(See DC Electrical Characteristics: 
IILl. Port 3 also serves the special features of the 80C51 


family, as listed below: 


10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
IRTll(P3.2): External interrupt 


13 
15 
9 
I 
rnTl (P3.3): External interrupt 


14 
16 
10 
I 
TO (P3.4): Timer 0 external input 
15 
17 
11 
I 
T1 (P3.5): Timer 1 external input 


16 
18 
12 
0 
WR (P3.6): External data memory write strobe 


17 
19 
13 
0 
"RO(P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vee. 


ALE/I5ROG 
30 
33 
27 
I/O 
Address 
Latch EnablelProgram 
Pulse: Output pulse for latching the low byte of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program puise input (PROO) during EPROM programming. ALE can be disabled by 
setting SFR auxiliary.O. With this bit set, ALE will be active only during a MOVX instruction. 


P"SEiI 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to externa~SE\!{am 
memory. When the 8XC58 is 


executing code from the external program memory, 
is activated twice each machine 
cycle, except that two P"SEiI activations are skipped during each access to external data 
memory. P"SEiI is not activated during fetches from internal program memory. 


EANpp 
31 
35 
29 
I 
External 
Access 
Enable/Programming 
Supply Voltage: ~ 
must be externally held low to 


enable the device to fetch code from external program memory locations OOOOHand 7FFFH. 
If ~ 
is held high, the device executes from internal program memory unless the program 


counter contains an address greater than 7FFFH. This pin also receives the 12.75V 
programming supply voltage (Vpp) during EPROM programming. If security bit 1 is 
programmed, ~ 
will be internally latched on Reset. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than Vee + 0.5V or Vss - 0.5V, respectively. 


TIMER 
2 
This is a 16-bit up or down counter, which can be operated as either 
a timer or event counter. It can be operated in one of three different 
modes (autoreload, capture or as the baud rate generator for the 
UART). 


In the autoreload mode the Timer can be set to count up or down by 
setting or clearing the bit DCEN in the T2CON Special Function 
Register. The SFR's RCAP2H and RCAP2L are used to reload the 
Timer upon overflow or a 1-to-0 transition on the T2EX input {P1.1}. 


In the Capture mode Timer 2 can either set TF2 and generate an 
interrupt or capture its value. To capture Timer 2 in response to a 
1-to-0 transition on the T2EX input, the EXEN2 bit in the T2CON 
must be set. Timer 2 is then captured in SFR's RCAP2H and 
RCAP2L. 


As the baud rate generator, Timer 2 is selected by setting TCLK 
and/or RCLK in T2CON. As the baud rate generator Timer 2 is 
incremented at 1/2the oscillator frequency. 


POWER 
OFF FLAG 
The Power Off Flag (POF) is set by on-chip circuitry when the Vcc 
level on the 8XC58 rises from a to 5V. The POF bit can be set or 
cleared by software allowing a user to determine if the reset is the 
result of a power-on or a warm start after powerdown. The Vcc level 
must remain above 3V for the POF to remain unaffected by the Vcc 
level. 


OSCILLATOR 
CHARACTERISTICS 


XTAL 1 and XTAL2 are the input and output, respectively, of an 
inverting amplifier. The pins can be configured for use as an on-Chip 
oscillator. 


To drive the device from an external clock source, XTAL 1 should be 
driven while XTAL2 is left unconnected. There are no requirements on 
the duty cycle of the external clock signal, because the input to the 
internal clock circuitry is through a divide-by-two flip-flop. However, 
minimum and maximum high and low times specified in the data 
sheet must be observed. 


Reset 
A reset is accomplished by holding the RST pin high for at least two 
machine cycles (24 oscillator periods), while the oscillator is running. 
To insure a good power-on reset, the RST pin must be high long 
enough to allow the oscillator time to start up {normally a few 
milliseconds} plus two machine cycles. At power-on, the voltage on 
Vcc and RST must come up at the same time for a proper start-up. 
Ports 1, 2, and 3 will asynchronously 
be driven to their reset 


condition when a voltage above VIHl is applied to RESET. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep while all of the on-chip 
peripherals stay active. The instruction to invoke the idle mode is the 
last instruction executed in the normal operating mode before the 


idle mode is activated. The CPU contents, the on-chip RAM, and all 
of the special function registers remain intact during this mode. The 
idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the interrupt service routine 
and continued), or by a hardware reset which starts the processor in 
the same manner as a power-on reset. 


Power-Down 
Mode 
To save even more power, a Power Down mode can be invoked by 
software. In this mode, the oscillator is stopped and the instruction 
that invoked Power Down is the last instruction executed. The 
on-chip RAM and Special Function Registers retain their values until 
the Power Down mode is terminated. 


On the 8XC58 either a hardware reset or external interrupt can use 
an exit from Power Down. Reset redefines all the SFRs but does not 
change the on-chip RAM. An external interrupt allows both the SFRs 
and the on-chip RAM to retain their values. 


To properly terminate Power Down the reset or external interrupt 
should not be executed before Vcc is restored to its normal 
operating level and must be held active long enough for the 
oscillator to restart and stabilize (normally less than lams). 


With an external interrupt, INTO and INT1 must be enabled and 
configured as level-sensitive. 
Holding the pin low restarts the 


oscillator but bringing the pin back high completes the exit. Once the 
interrupt is serviced, the next instruction to be executed after RETI 
will be the one following the instruction that put the device into 
Power Down. 


Design Consideration 
• When the idle mode is terminated by a hardware reset, the device 
normally resumes program execution, from where it left off, up to 
two machine cycles before the internal rest algorithm takes 
control. On-chip hardware inhibits access to internal RAM in this 
event, but access to the port pins is not Inhibited. To eliminate the 
possibility of an unexpected write when Idle is terminated by reset, 
the instruction following the one that invokes Idle should not be 
one that writes to a port pin or to external memory. 


• The windowed parts must be covered with an opaque label to 


assure proper chip operation. 


ONCETM Mode 
The ONCE ("On-Circuit Emulation") Mode facilitates testing and 
debugging of systems using the 8XC58 without the 8XC58 having to 
be removed from the circuit. The ONCE Mode is invoked by: 


1. 
Pull ALE low while the device is in reset and pgrn is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port a pins go into a float 
state, and the other port pins and ALE and pgrn are weakly pulled 
high. The oscillator circuit remains active. While the 8XC58 is in this 
mode, an emulator or test CPU can be used to drive the circuit. 
Normal operation is restored when a normal reset is applied. 


PROGRAM 


MODE 
MEMORY 
ALE 
J5SEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
a 
a 
Data 
Data 
Data 
Data 


Power-down 
External 
a 
a 
Float 
Data 
Data 
Data 


Programmable 
Clock-Out 
The 87C54/87C58 has a new feature. A 50% duty cycle clock can 
be programmed to come out on P1.0. This pin, besides being a 
regular I/O pin, has two altemate functions. It can be programmed 
(1) to input the extemal clock for Timer/Counter 2 or (2) to output a 
50% duty cycle clock ranging from 61Hz to 4MHz at a 16MHz 
operating frequency. 


To configure the Timer/Counter 2 as a clock generator, bit CIT2 (in 
T2CON) must be cleared and bit T20E in T2MOD must be set. Bit 
TR2 (T2CON.2) also must be set to start the timer. 


The Clock-Out frequency depends on the oscillator frequency and 
the reload value of Timer 2 capture registers (RCAP2H, RCAP2L) 
as shown in this equation: 


OsciliatorFrequency 
4 x (65536 - 
RCAP2H, RCAP2L) 


In the Clock-Out mode Timer 2 roll-overs will not generate an 
interrupt. This is similar to when it is used as a baud-rate generator. 
It is possible to use Timer 2 as a baud-rate generator and a clock 
generator simultaneously. Note, however, that the baud-rate and the 
Clock-Out frequency will be the same. 


Enhanced 
UART 
The UART operates in all of the usual modes that are described in 
the first section of this book for the 80C51. In addition the UART can 
perform framing error detect by looking for missing stop bits, and 
automatic address recognition. The 87C54/87C58 UART also fUlly 
supports multiprocessor communication as does the standard 
80C51 UART. 


When used for framing error detect the UART looks for missing stop 
bits in the communication. 
A missing bit will set the FE bit in the 


SCON register. The FE bit shares the SCON.7 bit with SMO and the 
tunction of SCON.7 is determined by PCON.6 (SMODO) (see 
Figure 1). If SMODO is set then SCON.7 functions as FE. SCON.7 
functions as SMO when SMODO is cleared. When used as FE 
SCON.7 can only be cleared by software. Refer to Figure 2. 


Automatic 
Address 
Recognition 
Automatic Address Recognition is a feature which allows the UART 
to recognize certain addresses in the serial bit stream by using 
hardware to make the comparisons. This feature saves a great deal 
of software overhead by eliminating the need for the software to 
examine every serial address which passes by the serial port. This 
feature is enabled by selling the SM2 bit in SCON. In the 9 bit UART 
modes, mode 2 and mode 3, the Receive Interrupt flag (RI) will be 
automatically set when the received byte contains either the "Given" 
address or the "Broadcast" address. The 9 bit mode requires that 
the 9th information bit is a 1 to indicate that the received information 
is an address and not data. Automatic address recognition is shown 
in Figure 3. 


The 8 bit mode is called Mode 1. In this mode the RI flag will be set 
if SM2 is enabled and the information received has a valid stop bit 
follOWingthe 8 address bits and the information is either a Given or 
Broadcast address. 


Mode 0 is the Shift Register mode and SM2 is ignored. 


Using the Automatic Address Recognition feature allows a master to 
selec1ively communicate with one or more slaves by invoking the 
Given slave address or addresses. All of the slaves may be 
contacted by using the Broadcast address. Two special Function 
Registers are used to define the slave's address, SADDR, and the 
address mask, SADEN. SADEN is used to define which bits in the 
SADDR are to b used and which bits are "don't care". The SADEN 
mask can be logically ANDed with the SADDR to create the "IGiven" 


address which the master will use for addressing each of the slaves. 
Use of the Given address allows multiple slaves to be recogniZed 
while excluding others. The following examples will help to show the 
versatility of this scheme: 


Slave 0 
SADDR 
1100 0000 


SADEN 
1111 1101 


Given 
1100 OOXO 


Slave 1 
SADDR 
11000000 


SADEN 
1111 1110 


Given 
1100000X 


In the above example SADDR is the same and the SADEN data is 
used to differentiate between the two slaves. Slave 0 requires a 0 in 
bit 0 and it ignores bit 1. Slave 1 requires a 0 in bit 1 and bit 0 is 
ignored. A unique address for Slave 0 would be 1100 0010 since 
slave 1 requires a 0 in bit 1. A unique address for slave 1 would be 
1100 0001 since a 1 in bit 0 will exclude slave O. Both slaves can be 
selec1ed at the same time by an address which has bit 0 = 0 (for 
slave 0) and bit 1 = 0 (for slave 1). Thus, both could be addressed 
with 1100 0000. 


In a more complex system the follOWing could be used to select 
slaves 1 and 2 while excluding slave 0: 


Slave 0 
SADDR 
1100סס oo 


SADEN 
1111 1001 


Given 
11000XXO 


Slave 1 
SADDR 
1110 0000 


SADEN 
1111 1010 


Given 
1110 OXOX 


Slave 2 
SADDR 
1110 0000 


SADEN 
1111 1100 


Given 
1110 OOXX 


In the above example the differentiation among the 3 slaves is in the 
lower 3 address bits. Slave 0 requires that bit 0 = 0 and It can be 
uniquely addressed by 1110 0110. Slave 1 requires that bit 1 = 0 and 
it can be uniquely addressed by 1110 and 0101. Slave 2 requires 
that bit 2 = 0 and its unique address is 1110 0011. To select Slaves 0 
and 1 and exclude Slave 2 use address 1110 0100, since It is 
necessary t make bit 2 = 1 to exclude slave 2. 


The Broadcast Address for each slave is created by taking the 
logical OR of SADDR and SADEN. Zeros in this result are teated as 
don't-cares. In most cases, interpreting the don't-cares as ones, the 
broadcast address will be FF hexadecimal. 


Upon reset SADDR (SFR address OA9H) and SADEN (SFR 
address OB9H) are loaded with Os.This produces a given address 
of all "don't cares" as well as a Broadcast address of all "don't 
cares". this effec1ively disables the Automatic Addressing mode and 
allows the microcontroller to use standard 80C51 type UART drivers 
which do not make use of this feature. 


Reduced 
EMI Mode 
The AO bit (AUXR.O) in the AUXR register, when set, disables the 
ALE output. 


8XeS8 Reduced EMI Mode 


Interrupt Priority Structure 
The 87C54/87C58 has a 6-source two-level interrupt structure. 
There are 3 SFRs associated with the interrupts. They are the IE 
and IP which are identical in function to those on the 80C51. 


equal or higher priority is not already being serviced. If an interrupt 
of equal or higher level priority is being serviced, the new interrupt 
will wait until it is finished before being serviced. If a lower priority 
level interrupt is being serviced, it will be stopped and the new 
interrupt serviced. When the new interrupt is finished, the lower 
priority level interrupt that was stopped will be completed. 
The priority scheme for servicing the interrupts is the same as that 
for the 80C51. An interrupt will be serviced as long as an interrupt of 


SOURCE 
POLLING PRIORITY 
REQUEST BITS 
HARDWARE CLEAR? 
VECTOR ADDRESS 


XO 
1 
IEO 
N (L) Y (T) 
03H 


TO 
2 
TPO 
Y 
OB 


X1 
3 
IE1 
N (L) Y (T) 
13 


T1 
4 
TF1 
Y 
1B 


SP 
5 
R1, TI 
N 
23 


T2 
6 
TF2, EXF2 
N 
2B 


SCON 
Address; 
98H 


Bit Addressable 
I SMOIFE I 
SM1 


Bit: 
7 
6 
(SMODO ; 0/1 ). 


REN 
TB8 


RBS 


Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit. 


Serial Port Mode Bit 0, (SMODO must; 
0 to access bit SMO) 


Serial Port Mode Bit 1 
SMO 
SM1 
Mode 
Description 
Baud Rate" 


o 
0 
0 
shift register 
fosc!12 
o 
1 
1 
8-bit UART 
variable 
1 
0 
2 
9-bit UART 
fOSc!64 or fosc!32 


1 
1 
3 
9-bit UART 
variable 


Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 ; 1 then RI will not be set unless the 
received 9th data bit (RB8) is 1, indicating an address, and the received byte is a Given or Broadcast Address. 
In Mode 1, if SM2; 
1 then RI will not be activated unless a valid stop bit was received, and the received byte is a 


Given or Broadcast Address. In Mode 0, SM2 should be o. 


Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 


In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2; 
0, RB8 is the stop bit that was received. 


In Mode 0, RB8 is not used. 


Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. Must be cleared by software. 


Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in 
the other modes, in any serial reception (except see 5M2). Must be cleared by software. 


NOTE, 
·SMOOO 
Is located 
at PCON6. 


ufose 
= oscillator 
frequency 


START 
DATA BYTE 
ONLY 
IN 
STOP 
BIT 
MODE 2, 3 
BIT 


IN UART 
MODE 
2 OR MODE 
3 AND 5M2", 
1: 


INTERRUPT 
IF REN=1. 
RB8=1 
AND 'RECEIVED 
ADDRESS' 
= 'PROGRAMMED 
ADDRESS' 
- WHEN 
OWN 
ADDRESS 
RECEIVED, 
CLEAR 
SM2 TO RECEIVE 
DATA BYTES 


- WHEN 
ALL DATA BYTES 
HAVE 
BEEN 
RECEIVED: 
SET 5M2 
TO WAIT 
FOR 
NEXT 
ADDRESS. 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 Dr-40 
to +85 
°C 


Storage temperature rangB 
-65 to +150 
°C 


Voltage on T:A!Vpp pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Maximum 10Lper 1/0 pin 
15 
mA 


Power dissipation 
1.5 
W 
(based on package heat transfer limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C, Vcc = 5V ±10%, Vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typl 
MAX 
UNIT 


VIL 
Input low voltage, except EJ\; 
-{).5 
0.2Vc~·1 
V 


VIL1 
Input low voltage to EJ\; 
a 
0.2Vc~·3 
V 


VIHl 
Input high voltage, XTAL 1, RST 
0.7Vcc 
Vce+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 37 
IOL= 1.6mA2 
0.45 
V 


VOL1 
Output low voltage, port 0, ALE, J5SEII7 
IOL=3.2mA2 
0.45 
V 


VOH 
Output high voltage, ports 1, 2, 3 3 
IOH=-30I'A 
Vee-0.7 
V 


VOHl 
OutPu~oltage 
(port a in external 
bus mode), 
IOH=-3·2mA 
Vee-0.7 
V 


ALES, 


IlL 
Logical a input current, ports 1, 2, 3 
V1N= 0.4V 
-50 
I'A 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 35 
See note 4 
-650 
!1A 


III 
Input leakage current, port a 
0.45 VIN < Vee - 0.3 
±10 
!1A 


Ice 
Power supply current (See Figure 11): 
See note 10 
Active mode @ 16MHz 
15 
32 
mA 


Idle mode @ 16MHz 
3 
5 
mA 
Power-down mode 
Tamb= a to +70°C 
10 
75 
I'A 
Tamb= -40 to +B5°C 
100 
I'A 


RRST 
Internal reset pull-down resistor 
40 
225 
kQ 


CIO 
Pin capacitance9 (except EA) 
15 
pF 


NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. 
Capacitive loading on ports a and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port a and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed O.BV.In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
3. 
Capacitive loading on ports a and 2 may cause the VOH on ALE and ~ 
to momentarily fall below the 0.9Vee specification when the 


address bits are stabilizing. 


4. 
Pins of ports 1, 2 and 3 source a transition current when they are being extemally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 
5. 
This value applies to Tamb= O°Cto +70'C. For Tamb= -40°C to B5°C, ITL= -750I'A. 
6. 
Load capacitance for port 0, ALE, and ~ 
= 100pF, load capacitance for all other outputs = BOpF. 


7. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 


Maximum IOLper port pin: 
15mA 


Maximum IOLper B-bit port: 
26mA 


Maximum total IOLfor all outputs: 
71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 
B. ALE is tested to VOH1,except when ALE is off then VOH is the voltage specification. 
9. 
Pin capacitance is characterized but not tested. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF 
(except EJ\;it is 25pF). 


10. See Figures 12 through 15 for Ice test condition. 


AC ELECTRICAL 
CHARACTERISTICS 
Tamb= O°C to +70°C or-40°C 
to +85°C, VCC = 5V ±10%, Vss = OV1, 2,3 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


l/lcLCL 
4 
Oscillator frequency 
3.5 
16 
MHz 


Speed versions 
:E 


tLHLL 
4 
ALE pulse width 
85 
2tcLCL-40 
ns 


tAvLL 
4 
Address valid to ALE low 
22 
lcLCL-40 
ns 


tLLA)( 
4 
Address hold after ALE low 
32 
lcLCL-30 
ns 


tLLlv 
4 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


tLLPL 
4 
ALE low to 'PSrn low 
32 
lcLCL-30 
ns 


tPLPH 
4 
'PSrn pulse width 
142 
3lcLCL-45 
ns 


tPLIV 
4 
'PSrn low to valid instruction in 
82 
3lcLCL-105 
ns 


tPXIX 
4 
Input instruction hold after 'PSrn 
0 
0 
ns 


tPXIZ 
4 
Input instruction float after 'PSrn 
37 
lcLCL-25 
ns 


tAVIV 
4 
Address to valid instruction in 
207 
5lcLCL-105 
ns 


tpLAZ 
4 
'PSrn low to address float 
10 
10 
ns 


Data Memory 


tRLRH 
5,6 
Rr> pulse width 
275 
6lcLCL-100 
ns 


tWLWH 
5,6 
WR pulse width 
275 
6lcLCL-100 
ns 


tRLDV 
5,6 
Rr> low to valid data in 
147 
5lcLCL-165 
ns 


tRHDX 
5,6 
Data hold after Rr> 
0 
0 
ns 


tRHDZ 
5,6 
Data float after Rr> 
65 
2lcLCL~0 
ns 


tLLDV 
5,6 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVDV 
5,6 
Address to valid data in 
397 
9lcLCL-165 
ns 


tLLWL 
5,6 
ALE low to Rr> or WR low 
137 
239 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
5,6 
Address valid to WR low or Rr> low 
122 
4lcLCL-130 
ns 


tevwx 
5,6 
Data valid to WR transition 
13 
lcLCL-50 
ns 


tWHQX 
5,6 
Data hold after WR 
13 
lcLCL-50 
ns 


teVWH 
6 
Data valid to WR high 
287 
7lcLCL-150 
ns 


tRLAZ 
5,6 
Rr> low to address float 
0 
0 
ns 


tWHLH 
5,6 
Rr> or WR high to ALE high 
23 
103 
lcLCL-40 
lcLCL+40 
ns 


External 
Clock 


lcHCX 
8 
High time 
20 
20 
tCLCL+lcLCX 
ns 


lcLCX 
8 
Low time 
20 
20 
lcLCL+lcHCX 
ns 


tCLCH 
8 
Rise time 
20 
20 
ns 


tCHCL 
8 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
7 
Serial port clock cycle time 
750 
12lcLCL 
ns 


teVXH 
7 
Output data setup to clock rising edge 
492 
1OlcLCL-133 
ns 


tXHQX 
7 
Output data hold after clock rising edge 
8 
2tcLCL-117 
ns 


tXHDX 
7 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
7 
Clock rising edge to input data valid 
492 
1OteLCL-l33 
ns 
NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and 'PSrn = 100pF, load capacitance for all other outputs = 80pF. 
3. 
Interfacing the 8XC58 to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 drivers. 


AC ELECTRICAL 
CHARACTERISTICS 
Tamb= O°C to +70°C or -40°C to +85°C, VCC = 5V ±10%, Vss = OV', 2. 3 


24MHzCLOCK 
VARIABLE 
CLOCK4 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lcLCL 
4 
Oscillator frequency 
Speed versions 
:1 
3.5 
24 
MHz 


It.HLL 
4 
ALE pulse width 
43 
2lcLCL-40 
ns 


tAVLL 
4 
Address valid to ALE low 
17 
lcLCL-25 
ns 


tLLAX 
4 
Address hold after ALE low 
17 
lcLCL-25 
ns 


tLLlV 
4 
ALE low to valid instruction in 
102 
4lcLCL~5 
ns 


tLLPL 
4 
ALE low to I'SEI'li0w 
17 
lcLCL-25 
ns 


tPLPH 
4 
I'SEI'l pulse width 
80 
3lcLCL-45 
ns 


tPLlV 
4 
I'SEI'li0w 
to valid instruction in 
65 
3lcLCL~0 
ns 


tpXIX 
4 
Input instruction hold after I'SEI'l 
0 
0 
ns 


tPXIZ 
4 
Input instruction float after I'SEI'l 
17 
lcLCL-25 
ns 


tAVIV 
4 
Address to valid instruction in 
128 
5lcLCL-80 
ns 


tpLAZ 
4 
I'SEI'li0w 
to address float 
10 
10 
ns 


Data Memory 


tRLRH 
5,6 
1m pulse width 
150 
6lcLCL-100 
ns 


tWLWH 
5,6 
WR pulse width 
150 
6lcLCL-100 
ns 


tRLDV 
5,6 
1m low to valid data in 
118 
5lcLCL-90 
ns 


tRHDX 
5,6 
Data hold after 1m 
0 
0 
ns 


tRHDZ 
5,6 
Data float after 1m 
55 
2lcLCL-28 
ns 


tLLDV 
5,6 
ALE low to valid data in 
183 
8lcLCL-150 
ns 


tAvDV 
5,6 
Address to valid data in 
210 
9lcLCL-165 
ns 


tLLWL 
5,6 
ALE low to 1m or WR low 
. 
75 
175 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
5,6 
Address valid to WR low or 1m low 
92 
4lcLCL-75 
ns 


tavwx 
5,6 
Data valid to WR transition 
12 
lcLCL-30 


> 
ns 


tWHOX 
5,6 
Data hold after WR 
17 
lcLCL-25 
ns 


taVWH 
6 
Data valid to WR high 
162 
7lcLCL-130 
ns 


tRLAZ 
5,6 
1m low to address float 
0 
0 
ns 


tWHLH 
5,6 
1m or WR high to ALE high 
17 
67 
lcLCL-25 
lcLCL+25 
ns 


External 
Clock 


lcHCX 
8 
High time 
17 
17 
lcLCL-lcLCX 
ns 


lcLCX 
8 
Low time 
17 
17 
tCLCL-lcHCX 
ns 


lcLCH 
8 
Rise time 
5 
5 
ns 


tCHCL 
8 
Fall time 
5 
5 
ns 


Shift Register 


tXLXL 
7 
Serial port clock cycle time 
505 
12lcLCL 
ns 


taVXH 
7 
Output data setup to clock rising edge 
283 
1OteLCL-133 
ns 


tXHOX 
7 
Output data hold after clock rising edge 
3 
2lcLCL-80 
ns 


tXHDX 
7 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
7 
Clock rising edge to input data valid 
283 
1OlcLCL-133 
ns 
NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and J5SEil = 100pF, load capacitance for all other outputs = 80pF. 
3. 
Interfacing the 87C58 to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 drivers. 
4. Variable clock is specified for oscillator frequencies greater than 16MHz to 24M Hz. For frequencies equal or less than 16MHz, see 16MHz 
"AC Electrial Characteristics", 
page 3-226. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The first character is always 
'I' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. The 
designations are: 
A - Address 
C - 
Clock 
D - 
Input data 
H - 
Logic level high 
I - 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 


P - J5SEN 
Q - 
Output data 
R - 'RU signal 
t 
- 
Time 


V - 
Valid 
w- WRsignal 
X - 
No longer a valid logic level 


Z - 
Float 
Examples: 
tAVLL= Time for address valid to ALE low. 
tLLPL =Time for ALE low to J5SEN low. 


PORT2 
_A'S 


SUOOOO6 


Figure 4. External 
Program 
Memory 
Read Cycle 
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TIMING 
REFERENCE 


POINTS 


NOTE: 
AC 
inputs 
during 
testing 
are driven 
at Vcc ~.5 
for a logic ',' 
and 
O.45V 
for a logic '0'. 


Timing 
measurements 
are 
made 
at VI-! 
min for a logic ',' 
and 
VIL max 
for a logic '0', 


NOTE: 


For timing 
purposes, 
a port 
is no longer 
floating 
when 
a 100mV 
change 
from 
load voltage occurs, and begins 10 float when a 100mV change from the loaded 
VottfVrx.level 
occurs.loHl'lOL O!:±2OmA. 
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Figure 12. Icc Test Condition, 
Active Mode 


All other pins are disconnected 
Figure 13. Icc Test Condition, 
Idle Mode 


All other pins are disconnected 


Figure 14. Clock Signal Waveform 
for Icc Tests In Active and Idle Modes 


IcLCH = IcHCL = 5ns 


Figure 15. Icc Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 5.5V 


EPROM CHARACTERISTICS 
The 87C58 is programmed by using a modified Improved 
Quick-Pulse Programming'" 
algorithm. It differs from older methods 


in the value used for Vpp (programming supply voltage) and in the 
width and number of the ALEJI5ROO pulses. 


The 87C58 contains two signature bytes that can be read and used 
by an EPROM programming system to identify the device. The 
signature bytes identify the device as an 87C58 manufactured by 
Philips. 


Table 4 shows the logic levels for reading the signature byte, and for 
programming the program memory, the encryption table, and the 
security bits. The circuit configuration and waveforms for quick-pulse 
programming are shown in Figures 16 and 17. Figure 18 shows the 
circuit configuration for normal program memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse programming is shown in 
Figure 16. Note that the 87C58 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to be running is that the 
device is executing intemal address and program data transfers. 


The address of the EPROM location to be programmed is applied to 
ports 1 and 2, as shown in Figure 16. The code byte to be 
programmed into that location is applied to port O. RST, l'"SEN 
and 
pins of ports 2 and 3 specified in Table 4 are held at the 'Program 
Code Data' levels indicated in Table 4. The ALEJI5ROO is pulsed 
low 5 times as shown in Figure 17. 


To program the encryption table, repeat the 25 pulse programming 
sequence for addresses 0 through 1FH, using the 'Pgm Encryption 
Table' levels. Do not forget that after the encryption table is 
programmed, verification cycles will produce only encrypted data. 


To program the security bits, repeat the 25 pulse programming 
sequence using the 'Pgm Security Bit' levels. After one security bit is 
programmed, further programming of the code memory and 
encryption table is disabled. However, the other security bit can still 
be programmed. 


Note that the FJiJV pp pin must not be allowed to go above the 
maximum specified Vpp level for any amount of time. Even a narrow 
glitch above that voltage can cause permanent damage to the 
device. The Vpp source should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 
If security bit 2 has not been programmed, the on-chip program 
memory can be read out for program verification. The address of the 
program memory locations to be read is applied to ports 1 and 2 as 


shown in Rgure 1B. The other pins are held at the 'Verify Code Data' 
levels indicated in Table 4. The contents of the address location will 
be emitted on port O. Ex1emal pull-ups are required on port 0 for this 
operation. 


If the 32 byte encryption table has been programmed, the data 
presented at port 0 will be the exclusive NOR of the program byte 
with one of the encryption bytes. The user will have to know the 
encryption table contents in order to correctly decode the verification 
data. The encryption table itself cannot be read out. 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the conditions listed in Table 4, and 
which satisfies the timing specifications, 
is suitable. 


Erasure 
Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have wavelengths in this 
range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. For this and secondary 
effects, 
it is recommended 
that an opaque 
label be placed over the 
window. 
For elevated temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas part number 2345-5, or 
equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-s/cm2. 
Exposing the EPROM to an ultraviolet lamp of 12,OOOjJ.W/cm2 rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


Security 
Bits 
With none of the security bits programmed the code in the program 
memory can be verified. If the encryption table is programmed, the 
code will be encrypted when verified. When only security bit 1 (see 
Table 5) is programmed, MOVC instructions executed from ex1emal 
program memory are disabled from fetching code bytes from the 
intemal memory, EA is latched on Reset and all further programming 
of the EPROM is disabled. When security bits 1 and 2 are 
programmed, in addition to the above, verify mode is disabled. 
When all three security bits are programmed, all of the conditions 
above apply and all extemal program memory execution is disabled. 


Encryption 
Array 
32 bytes of encryption array are initially unprogrammed 
(aIl1s). 


MODE 
RST 
PSEN 
ALEJPROG 
"FJiJVpp 
P2.7 
P2.6 
P3.7 
P3.6 
P3.3 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 
0 


Program code data 
1 
0 
o· 
Vpp 
1 
0 
1 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 
0 


Pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 
1 


Pgm security bit 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 
1 


Pgm security bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 
1 


NOTES: 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V ±0.25V. 
3. 
Vcc = 5V±10% during programming and verification. 
ALEII'ROO 
receives 5 programming pulses (only for user array; 25 pulses for encryption or security bits) while Vpp is held at 12.75V. Each 


programming pulse is low for lOOl1s (±lOl1s) and high for a minimum of lOl1s. 


PROGRAM LOCK BITS1, 2 


SB1 
SB2 
PROTECTION 
DESCRIPTION 


1 
U 
U 
No Program Security features enabled. (Code verify will still be encrypted by the Encryption Array if 
programmed.) 


2 
P 
U 
MOVC instructions executed from external program memory are disabled from fetching code bytes from 
internal memory, EA is sampled and latched on Reset, and further programming of the EPROM is disabled. 


3 
P 
P 
Same as 2, also verify is disabled. 


NOTES: 
1. 
P - programmed. U - unprogrammed. 
2. 
Any other combination of the security bits is not defined. 
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EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb; 
21°C 
to +27°C, 
VCC; 
5V±10%. 
Vss; 
OV (See 
Figure 
19) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
501 
mA 


1!tcLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to J5ROG 
low 
4BteLCL 


IGHAX 
Address 
hold 
after 
J5ROG 
4BteLCL 


tOVGL 
Data 
setup 
to J5ROG 
low 
4BteLCL 


IGHOX 
Data 
hold 
after 
J5ROG 
4BteLCL 


tEHSH 
P2.7 (EiIAB[E) high 
to Vpp 
4BteLCL 


tSHGL 
Vpp 
setup 
to J5ROG 
low 
10 
IJ.s 


IGHSL 
Vpp 
hold 
after 
J5ROG 
10 
IJ.S 


IGLGH 
J5R0Gwidth 
90 
110 
IJ.S 


tAVQV 
Address 
to data 
valid 
4BteLCL 


tELQZ 
EiIAB[E low to data 
valid 
4BteLCL 


tEHQZ 
Data 
float 
after EiIAB[E 
0 
4BteLCL 


IGHGL 
J5ROG 
high 
to J5ROG 
low 
10 
IJ.S 


Pl.o-P1.7 
P2.o-P2.5 
P3.4 


(AO-A14) 


PORTO 


PO.O-PO.l 
(00-07) 


Philips Semiconductors 


83C145; 83C845 
83C055; 87C055 


• Masked ROM sizes: 


- 
8 kbytes (83C845) 


- 
12 kbytes (83C145) 


- 
16 kbytes (83C055) 


- 
16 kbytes OTP (87C055) 


• RAM: 256 bytes 


• On Screen Display (OSD) controller 


• Three digital video outputs 


• Multiplexer/mixer 
and background 
intensity controls 


• Flexible formatting with OSD New Line option 


• 128 x 10 bits display RAM 


• Designed for reduced Radio Frequency 
Interference 
. 


(RFI) 


• Character generator ROM: 


- 
character format 18 lines x 14 dots 


- 
60 visible characters 


- 
4 special characters 


• Eight text shadowing 
modes 


• Text colour selectable 
per character 


• Background 
colour selectable 
per word 


• Background 
colour versus video selectable 
per 


character 


• Eight 6-bit Pulse Width Modulators 
(PWM) for analog 


voltage integration 


• One 14-bit PWM for high-precision 
voltage integration 


• Digital-to-analog 
converter and com parator with 3 inputs 


multiplexer 


• Nine dedicated 
I/Os plus 28 port bits (15 port bits with 


alternative 
uses) 


• 4 high current open-drain 
port outputs 


12 high voltage (+12 V) open-drain 
outputs 


• Programmable 
video input and output polarities 


• 80C5t 
instruction set 


• No external memory capability 


• Plastic shrink dual in-line package (0.07 inch centre 


pins) 


• High-speed 
CMOS technology 


• Power supply: 5 V ±10%. 


The 83C055, Microcontroller 
for Television 
and Video 


(MTV) applications, 
is a derivative of Philips' indUstry 


standard 80C51 microcontroller. 


The 83C055 is intended for use as the central control 
mechanism 
in a television 
receiver or tuner. 


Providing tuner functions and an OSD facility, it represents 
a next generation 
replacement 
for the currently available 


parts. 


PACKAGE 
TEMP. 
FREQ. 
TYPE NUMBER 
RANGE 
NAME 
DESCRIPTION 
VERSION 
(OC) 
(MHz) 


P83C055BBP 


P87C055BBP 
SDIP42 
plastic shrink dual in-line package; 42 leads (600 mil) 
SOT270-1 
Oto +70 
3.5 to 12 
P83C145BBP 


P83C845BBP 


83C145; 83C845 
83C055; 87C055 


8-BIT 
TIMERI 
EVENT 
COUNTER 


DISPLAY 
CHARACTER 


RAM ---- 


GENERATOR 


ROM 
128x 
10 
6Ox18x14 


RST 
core 
excluding 
PARALLEL 
14-BIT 
SOFlWARE 


ROM/RAM 
I/O 
8x6-BITPWM 
PWM 
CONTROL 


PORTS 
ADC 


VSS 


3 
MBE786 


P3 
P2 
P1 
PO 
PWMOloPWW 
TDAC 
ADI2loADI0 


5.1 
Part options 


Table 1 
Differences 
between the types 


TYPES 


MEMORY 
83C845 
83C145 
83C055 
87C055 


ROM 
8 kbytes 
12 kbytes 
16 kbytes 
- 


EPROM (OTP) 
- 
- 
- 
16 kbytes 


Philips Semiconductors 


83C145; 83C845 
83C055; 87C055 


6 
PINNING INFORMATION 


6.1 
Pinning 


VppITDAC/PO.O 
1 


PAOGIPWM1/PO.1 
2 


ASEl/PWM2/PO.2 
3 


PWM3/PO.3 
4 


PWM4/PO.4 
5 


Philips Semiconductors 


83C 145; 83C845 
83C055; 87C055 


6.2 
Pin description 


Table 2 
Pin description 
SDIP42 (SOT270-1) 


SYMBOL 
PIN 
DESCRIPTION 


Port 0 (notes 1, 2 and 4) 


PO.OfTDACNpp 
1 
PO.O:open-drain 
bidirectional 
port line; 
TDAC: output for the 14-bit high-precision 
PWM; 


Vpp: 12 V programming 
supply voltage during EPROM programming. 


PO.1/PWM1/PROG 
2 
PO.1: open-drain 
bidirectional 
port line; 


PWM1: output for the 6-bit lower-precision 
PWM; 


PROG: input for EPROM programming 
pulses. 


PO.21PWM2IASEL 
3 
PO.2: open-drain 
bidirectional 
port line; 


PWM2: output for the 6-bit lower-precision 
PWM; 


ASEL: input indicating the EPROM address bits that are applied to Port 2. 


PO.3/PWM3 
4to 
8 
PO.3 to PO.7: 5 open-drain 
bidirectional 
port lines; 
to 
PWM3 to PWM7: 5 outputs for the 6-bit lower-precision 
PWM. 
PO.7/PWM7 


Port 1 (notes 1, 2 and 5) 


P1.0/ADIO 
9 to 11 
P1.0 to P1.2: 3 open-drain 
bidirectional 
port lines; 
to 
ADIO to ADI2: inputs for the software analog-to-digital 
facility. 


P1.21ADI2 


P1.3/PWMO 
12 
P1.3: open-drain 
bidirectional 
port line; PWMO: output for the 6-bit lower-precision 


PWM. PWMO can be externally pulled up as high as +12 V ±5% 


Port 2 


P2.7 to P2.0 
13 to 20 
Port 2: 8-bit open-drain 
bidirectional 
port; P2.3 to P2.0 have high current capability 
(10 mA at 0.5 V) for driving LEDs. Port 2 pins that have logic 1s written to them float, 
and in that state can be used as high-impedance 
inputs. Any of the Port 2 pins are 


driven LOW if the port register bit is written as a logic O.The state of the pin can 
always be read from the port register by the program. 


Port 3 (note 1 and 3) 


P3.0 
34 
P3.0: open-drain 
bidirectional 
port line. 


P3.1/INT1 
35 
P3.1: open-drain 
bidirectional 
port line; INT1: External interrupt 1. 


P3.2IT0 
36 
P3.2: open-drain 
bidirectional 
port line; TO: Timer 0 external input. 


P3.3/INTO 
37 
P3.3: open-drain 
bidirectional 
port line; INTO: External interrupt O. 


P3.4 to P3.7 
38to 41 
P3.4 to P3.7: 4 open-drain 
bidirectional 
port lines. 


General 


Vss 
21 
Ground: 
0 V reference. 


VID2 to VI DO 
22 to 24 
Digital 
Video 
bus: Three totem-pole 
outputs comprising 
digital RGB (or other colour 


encoding) from the OSD facility. The polarity of these outputs is controlled 
by a 
programmable 
register bit (register OSCON; bit Po). 


VCTRL 
25 
Video Control: 
A totem-pole 
output indicating whether the OSD facility is currently 


presenting active video on the VID2 to VIDO outputs. Signal is used to control an 
external multiplexer 
(mixer) between normal video and the video derived from VID2 to 
VIDO. The polarity of this output is controlled by a programmable 
register bit (register 


OSCON; bit Pc). 


83C145; 83C845 
83C055; 87C055 


SYMBOL 
PIN 
DESCRIPTION 


HSYNC 
26 
Horizontal 
Sync: A dedicated 
input for a TTL-Ievel version of the horizontal sync 


pulse. The polarity of this pulse is programmable; 
its trailing edge is used by the OSD 


facility as the reference for horizontal positioning. 


VSYNC 
27 
Vertical 
Sync: A dedicated input for a TTL-Ievel version of the vertical sync pulse. The 


polarity of this pulse is programmable, 
and either edge can serve as the reference for 


vertical timing. 


VCLK1 
28 
VCLK1: 
Video Clock 
1; input for the horizontal timing reference for the OSD facility. 


VCLK2 
29 
VCLK2: 
Video Clock 2; output from the on-chip video oscillator. VCLK1 and VCLK2 


are intended to be used with an external LC circuit to provide an on-chip oscillator. The 
period of the video clock is determined 
such that the width of a pixel in the OSD is 


equal to the inter -line separation 
of the raster. 


BF 
30 
Background/Foreground: 
A totem-pole 
output which, when VCTRL is active, 


indicates whether the current video data represents a Foreground 
(LOW) or 


Background 
(HIGH) dot in a character. This signal can be used to reduce the intensity 


of the background 
colour and thus emphasize the text. 


XTAL1 
31 
XTAL 1: Input to the inverting (oscillator) amplifier and clock generator 
circuit that 


XTAL2 
32 
provides the timing reference for all 83C055 logic other than the OSD facility. 
XTAL2: Oscillator output terminal for system clock. XTAL1 and XTAL2 can be used 
with a quartz crystal or ceramic resonator to provide an on-chip oscillator. Alternatively, 
XTAL 1 can be connected to an external clock, and XTAL2 left unconnected. 


RST 
33 
Reset: If this pin is HIGH for two machine cycles (24 oscillator periods) while the 
oscillator is running, the MTV is reset. This pin is also used as a serial input to enter a 
test or EPROM programming 
mode, as on the 87C751. 


VDD 
42 
Power supply: 
for normal and Power-down 
operation. 


Notes 


1. 
Port 0, Port 1 ,and Port 3 pins that have logic 1s written to them float, and in that state can be used as 
high-impedance 
inputs. 


2. 
The state of the pin can always be read from the port register by the program. 


3. 
P3.0, P3.4, and P3.7 can be externally pulled up as high as +12 V ±5%; while P3.5 and P3.6 have 10 mA drive 
capability. 


4. 
For each PWM block, a register bit (register PWMn; bit PWnE; n = °to 7) controls whether the corresponding 
pin is 
controlled 
by the block or by Port 0; Port 0 controls the pin immediately 
after a reset. Regardless 
of how each pin is 
controlled, 
it can be externally pulled up as high as +12 V ±5%. 


5. 
Any of the Port 1 pins are driven LOW if the corresponding 
port register bit is written as a logic 0, or for P1.3 only, if 
the TDAC module presents a logic 0. 


83C 145; 83C845 
83C055; 87C055 


For a description 
of the standard functions please refer to 


the "Data Handbook 
IC20; Section 2: BOC51 Technical 


Description" 
. 


8 
INPUT/OUTPUT 
(VO) 


The I/O structure of the.83C055 
is similar to the standard 


I/O structure in the 80C51 , except for the points described 
in Table 5. 


9.1 
General 
description 


Although the 83C055 is specifically 
referred to throughout 


this data sheet, the information 
applies to all the devices. 
The differences to 8OC51 features and the derivative 
functions are described 
in the following Sections and 


Chapters. 


Figure 1 shows the block diagram of the 83C055. 


9.1.1 
NOT IMPLEMENTEDFUNCTIONS 


Standard functions to the 80C51 that are notimplemented 
in the 83C055: 


• As Data and Program Memory are not externally 


expandable 
on the 83C055, the ALE, EA, and 


PSEN signals are not implemented. 


• Idle mode. 


• Power-down 
mode. 


9.1.2 
INTERRUPTFACILITIESDIFFERENCES 


The interrupt facilities of the 83C055 differ from those of 
the 80C51 as follows: 


9.1.4 
I/O PORTSDIFFERENCES 


Table 5 
I/O ports differences 


• The IP register is not used, and the IE register (address 
A8H) is similar to that on the 80C51 ;see Table 36. 


• The VSYNC input used by the OSD facility can generate 
an interrupt. The active polarity of the pulse is 
programmable 
(see Section 13.7); interrupt occurs at 


the leading edge of the pulse. 


• Since there is no serial port, there are no interrupts 
nor 
control bits relating to this interrupt. The interrupts and 
their vector addresses 
are shown in Table 3. 


• External Interrupt 1 is modified so that an interrupt is 


generated when the input switches are in either direction 
(on the 80C51 , there is a programmable 
choice between 
interrupt on a negative edge or a LOW level on INT1). 
This facility allows for software pulse-width 
measurement 
handling of a remote contrOl. 


EVENT 
PROGRAM 
MEMORY ADDRESS 


Reset 
OOOH 


External INTO 
003H 


Timer 0 
OOBH 


ExternallNT1 
013H 


Timer 1 
01BH 


VSync Start 
023H 


9.1.3 
PCON REGISTERDIFFERENCE 


The PCON register format is shown in Table 4. Bits GF1 
and GFO are general purpose flag bits. 


VO 
STANDARD 
80C51 
83C055 


Port 0 
external memory expansion 
8-bit open-drain 
bidirectional 
port; and includes: 


alternative 
use for PWM outputs 


Port 1 
8-bit general purpose quasi-bidirectional 
4-bit open-drain 
port, and includes alternative 
uses 


for analog inputs and a PWM output 


Port 2 
quasi-bidirectional 
and can be used for external 
open-drain 
and general purpose 
memory expansion 


Port 3 
quasi-bidirectional; 
all eight bits have alternate uses 
3 port bits have some of the same alternative 
uses 


as on the 80CS1 but not necessarily 
on the same 


pins; 5 pins are open-drain 
and general purpose 


83C 145; 83C845 
83C055; 
87C055 


Figure 3 shows the 6-btt PWM DAC logic circuit, consisting 
of 8 PWMn modules. 


The basic MCU clock is divided by 4 to get a waveform that 
clocks a 14-btt counter which is common to all the PWMs 
(including the 14-btt PWM). This divided clock is hereafter 
called the PWM clock. 


As illustrated in Fig.3, the lower-precision 
(6-bit) PWMs 


use the least significant part of the 14-btt counter. 


Figure 4 shows the circuit diagram of a 6-bit PWM module. 
Each PWM module has a Special Function Register 
PWM n; n = 0 to 7. The register form at is shown in Table 6. 


10.1 
PWM DAC operation 


Value field PVn5 to PVnO of each PWMn register 
(n = 0 to 7) is compared to the 6 LSBs of the common 
counter (14-bit counter). 


When the value matches, the output flip-flop is cleared, so 
that the output pin is driven LOW. 


When the value rolls over to zero, the output flip-flop is set, 
so that the output pin is released. Thus the output 
waveform 
has a fixed period of 64 PWM clock cycles; its 


duty cycle is determined 
by contents of PWMn.5 to 


PWMn.O (PVn5 to PVnO). 


Three of the nine total PWM modules (8 PWMn and the 
14-btt PWM DAC) operate as previously 
described; 
for 


three others, both the rising and falling edges ofthe output 
are delayed by one PWM clock; for the remaining three, 
both edges are delayed by two PWM clocks. This feature 
reduces the radio-frequency 
emission that would 


otherwise occur when the counter rolled over to zero and 
all nine open-drain outputs were released. 


10.2 
Special 
Function 
Register 
PWMn (n = 0 to 7) 


Table 6 
Special Function Register PWMn (n = 0 to 7; addresses 
D4H to DFH) 


BIT 
SYMBOL 
DESCRIPTION 


7 
PWnE 
PWM module enable bit. If for a particular PWM block (n) the bit: 


PWnE = 1, then the block is active and controls tts assigned port pin. 


PWnE = 0, the corresponding 
port pin is controlled 
by the port. 


6 
- 
Reserved. 


5to 0 
PVn5 to PVnO 
Value field for PWMn register. 


Philips SemiConductors 


83C145; 83C845 
83C055; 87C055 


-------------------------, 
~ 
PO.2to 
PO.6 


I 
PWM2/PO.2 
3rd to 7th PWM MODULE 
(n = 2 to 6) 
I 
4. 
to 


8 
PWM6/PO.6 


,- - -- 
I 
I 
I 


(1) 
This flip-flop 
occurs 
in 5 01 the 8 PWMn modules. 


(2) 
This flip-flop 
occurs 
in 3 01the 8 PWMn modules. 


11 
14-BIT PWM DAC (TDAC) 


11.1 
14-bit counter 


The 14-bit counter was already mentioned in Section 10. 
The nature of the counter is such that it can achieve a 
stable output value through its MSB, and the value can 
propagate through logic like that shown in Fig.5. The logic 
output can be stable wnhin: 


• one period of the PWM clock (e.g. 250 ns) if 
edge-triggered 
logic is used to capture the logic output, 
or 


• one phase of the PWM clock (e.g. 125 ns) if a phase of 


the PWM clock is used to capture the logic output. 


The 14-bit (TDAC) counter is a ripple counter (cost and 
die-size reasons). 


The 14-bit PWM DAC is controlled by two special function 
registers TDACL and TDACH. 


11.2 
14-blt DAC operation 


When software wishes to change the 14-bit value 
(TDO to TD13), it should first write to TDACL and then 
write to TDACH. Alternatively, 
if the required precision of 


the dUty cycle is satisfied by 6 bits or less, software can 
sim ply write to TDACH (TD8 to TD 13). 


11.2.1 
Low PRECISIONOPERATION 


Figure 5 shows that this block includes an 'extra' 14-bit 
latch between TDACL - TDACH and the comparator 
and 


other logic. The programmed 
value is clocked into the 


operative latch when the 7 low-order bits of the counter roll 
over to zero, provided that the software is not in the midst 
of loading a new 14-bit value, i.e. it is not between writing 
TDACL and writing TDACH. 


In a similar fashion to the lower-precision 
PWMs, this 


facility has an output flip-flop that is set when the lower 
7 bns of the counter overflow/wrap. 
The more significant 


7 bns of the operative latch's programmed 
value are 


compared for equality against the less significant 7 bits of 
the counter, and the output FF is cleared when they matCh. 
Thus this output has a fixed period of 128 PWM clock 
cycles, and the dUty cycle is determined 
by the 


programmed 
value. 


11.2.2 
HIGH PRECISIONOPERATION 


Forthe higher-precision 
aspect of this feature, the 7 MSBs 
of the counter are used in a logic block wnh the 7 LSBs of 
the programmed 
value. 


The yth LSB (binary value 64) of the programmed 
value is 


ANDed with the yth MSB (128) of the counter, the 6th LSB 
of the value is ANDed wnh the counter's 6th and yth MSBs 
being 10, and so on through the LSB of the programmed 
value being ANDed with the counter's 
7 MSBs being 


100000. Then these 7 ANDed terms are ORed. If the 
result is true (logic 1) at the time the 7 LSBs of the counter 
match the MSBs of the programmed 
value, the output is 


forced high for 1 (additional) 
PWM clock cycle. 


The result is that, if the value-64 bit of the 14-bit value is 
programmed 
to a logic 1, every other cycle of 128 PWM 


counter clocks has its duty cycle stretched by one counter 
clock; if the value-32 bit is programmed 
to logic 1, every 


4th cycle is stretched, and so on through, if the value-1 bit 
is programmed 
to logic 1, one cycle out of each 128 is 


stretched. 


11.2.3 
14-BIT DAC OUTPUT 


Assuming the external integrator can handle all this, the 
net effect is a PWM DAC that has the period of a 7-bit 
design (which makes the integrator easier and more 
feasible to design) wnh the accuracy of a 14-bit one. 


An obvious prerequisite for such precision is that the load 
on the voltage must be very light, like a single op-amp or 
comparator. 


11.2.3.1 
Note 


The TDAC feature differs from the corresponding 
features 


of predecessor 
parts in several ways: 


1. 
The 14-bit value is functionally composed of major and 
minor portions of 7 bits each. 


2. 
The 14-bit value is programmed 
as a contiguous 


multi-register 
value that can be manipulated 


straight-forwardly 
via arnhmetic instructions. 


3. 
As discussed for the 6-bit DACs, both of the preceding 
parts had a feature whereby the PWM output could be 
inverted, redundantly with complementing 
the 14-bit 


value. This feature has been eliminated. 


83C145; 83C845 
83C055; 87C055 


11.3 
Special Function Register TDACL 


Table 8 
Special Function Register TDACL format (address D2H) 


__ 
T_~_7 
T_~_0__ 
1 
T~1 
I 
T~2 
I 


3 


TD3 


2 


TD4 


1 


TD5 
o 


T06 


Table 9 
Description 
of TDACL bits 


SYMBOL 


TD7, TDO to TD6 


11.4 
Special Function Register TDACH 


Table 10 Special Function Register TDACH format (address D3H) 


BIT 
SYMBOL 
DESCRIPTION 


7 
TDE 
Enable bit. 


6 
- 
Reserved. 


5toO 
TD13 toTD8 
6 MSBs of the 14-bit value. 


Philips Semiconductors 


83C 145; 83C845 


83C055; 
87C055 


83C145; 83C845 
83C055; 87C055 


12.1 
Special 
Function 
Register 
SAD 


Table 12 Special Function Register SAD format (address D8H) 


BIT 
SYMBOL 
DESCRIPTION 


7 
VHi 
The comparator 
output bit; bit addressable. 


6 
CH1 
The channel field controls which pin, if any, is connected 
to this facility; see Table 14. 


5 
CHO 


4 
St 
The St bit should be written as a logic 1 in order to initiate a voltage comparison. 


3to 0 
SAD3 to SADO 
4 LSBs of the SAD register. 


12.2 
Software 
ADC operation 


Port pins P1.0/ADI0 to P1.2/ADI2 can be alternately 
selected as inputs of a linear voltage comparator. 
The 


other input of the comparator 
is connected to a4-blt 
DAC. 


This DAC is controlled 
by bits SAD3 to SADO and 


produces a reference voltage: 


nominally 0.15625 to 4.84375 V in increments 
of 


0.3125 V. 


The output of the comparator 
(HIGH or LOW) can be read 


by the program as the MSB of the SAD register i.e. bit VHi. 


After writing St = 1, the program should include intervening 
instructions totalling at least 6 machine cycles (72 clock 
periods or 6 J.lS at 12 MHz), before the instruction that 
accesses and tests VHi. 


CH1 
CHO 
P1.n/ADln(1) 


0 
0 
none 


0 
1 
P1.0/ADI0 


1 
0 
P1.1/ADI1 


1 
1 
P1.2/ADI2 


Note 


1. 
Port 1 has open-drain 
drivers which will not materially 


affect an analog voltage as long as any and all pins 
used for software analog-to-digltal 
measurement 
have 
corresponding 
logic 1s in the port register; n = 0, 1, 2. 


Philips Semiconductors 


83C145; 83C845 
83C055; 87C055 


83C145; 83C845 
83C055; 87C055 


13 
ON SCREEN 
DISPLAY (OSD) 


Figure 7 shows the OSD block diagram. It shows the CPU 
writing into the 128 x 10 display RAM, which is dual-ported 
to allow the CPU to write into it at any time, including when 
it is being read out by the OSD logic. The 1O-bit wide data 
coming out of the display RAM is used to access the 
appropriate 
character in the Character Generator memory 


(6-bits) and to specify character and display control 
functions 
(4-bits). 


Timing for the OSD is controlled by the HSYNC, VSYNC, 
and dot clock input VCLK1. 


13.1 
OSD features 


The 83C055 features an advanced 
OSD function with 


some unique features as described in Sections 13.1.1 to 
13.1.10. 


13.1.1 
USER-DEFINABLEDISPLAYFORMAT 


The OSD does not restrict the user to a fixed number of 
lines with a fixed number of characters 
per line: 


o Using a fixed number of lines restricts the generation of 


displays that can be differentiated 
from others that use 


the same chip and places limits on screen content. 


o Using a fixed number of characters 
per line wastes 


display RAM if a line has less than the full number of 
display able characters 
(~ has to be padded w~h 


non-visible 
characters). 


The OSD on the 83C055 defines a control character: 


o New Line, that has the same function as a Carriage 


Return and Line Feed. 


When the OSD circu~ry fetches this character from display 
RAM it stops displaying further characters, 
waits for the 


next horizontal scan line, and starts displaying the next 
character in display RAM after the New Line character was 
received. 


The number of lines is thus up to the user, w~hin the Iim~s 
of the display and memory, as are the number of 
characters 
per line. This allows far better control of the 


appearance 
ofthe 
OSD. 


13.1.2 
COLOURSSELECTABLEBYCHARACTER 


Characters 
can be displayed on a background ofthe base 


video or a programmable 
background 
colour. 


The background 
colour is selectable 
by word and the 


choice of background 
(base video/user 
programmed 


colour) by character. 


13.1.3 
DUAL-PORTEDDISPLAYRAM 


The OSD has a true display RAM instead of a character 
line buffer. This display RAM is dual-ported 
to allow 


updating the display RAM at any time instead of having to 
wait for a vertical retrace. 


Vertical Sync (VSYNC) interrupts are supported 
if 


flicker-free 
updates are required. 


13.1.4 
PROGRAMMABLECHARACTERSIZE 


o Normal characters 
are displayed as 18 x 14 bit maps. 


o In an interlaced display: 


2 fields are displayed so that one actually sees a 
36 x 14 pixel size character. 


- 
The part has a double height and width mode which 
displays 36 x 28 pixel size b~ maps per field. 


o For use in non-interlaced 
systems, the part has a double 


height mode so that the displayed characters 
have the 


same pixel size (36 x 14) as on an interlaced display. 


13.1.5 
CHARACTERSHADOWING 


When characters 
are displayed overlaid on a background 


of base video, a black border around the characters makes 
them highly legible. This feature is called shadowing. 
The 
83C055 has 8 shadowing 
modes to allow the user to select 
various partial shadow modes as well as full surround 
shadow; see Fig.8 and Table 28. 


13.1.6 
PROGRAMMABLEPOLARITIES 


Inputs to and outputs from the OSD can be programmed 
to be recognized 
as active LOW or HIGH. In conjunction 


with the 12 V outputs, this allows direct interfacing to most 
video signal processing 
circu~s. 


13.1.7 
CHARACTERGENERATORMEMORYIN EPROM 


On the 87C055, the Character 
Generator 
memory is in 


EPROM. This feature allows quick and inexpensive 
font 


development 
and refinement against the alternative 
of 


creating a masked ROM version to see how the final fonts 
will appear. 


13.1.8 
HSYNC LOCKEDDOTCLOCKOSCILLATOR 


The 83C055 is designed to use an LC oscillator circuit that 
is started at the trailing edge of HSYNC and stopped at its 
leading edge. In practice, this gives a highly consistent 
delay from HSYNC to oscillator start and is stable from 
scan line to scan line so that no left margin effects are 
seen. 


Philips Semiconductors 


83C145; 83C845 
83C055;87C055 


13.1.9 
SHORTRows 


This mode only displays 4 horizontal lines and is used for 
generating 
underlines. 


13.1.10 
PROGRAMMABLEHORIZONTALANDVERTICAL 
POSITIONS 


Bit pairs HS4 to HSO and VS2 to VSO in register OSORG 
(fable 
30) define the starting point of the display. 


13.2 
General description 
of the OSD module 


This block is the largest of the additions that are specific to 
this prodUct. Its basic function is to superimpose 
text on 


the television video image, to indicate various parameters 
and settings of the receiver or tuner. External circuitry 
handles the mixing (multiplexing) 
of the text and the TV 


video. The OSD block has 4 input pins: 


• Two for a video clock: VCLK1 and VCLK2 


• Horizontal sync signal: HSYNC 


• Vertical sync signal: VSYNC. 


The block has 4 outputs: 


• 3 colour video signals 


• a control signal. 


Since this block is the major feature of the part, its main 
inputs and outputs are dedicated 
pins, without alternate 


port bits. The OSD of the 83C055 differs from that in 
preceding devices in one major way: 


• It does not fix the number and size of displayed rows of 


text. 


Several predecessor 
parts allowed two displayed rows of 


16 characters each. The 83C055 sim ply has 128 locations 
of Display RAM, each of which can contain: 


• a displayed character, 
or 


• a New Line character that indicates the end of a row. 
A variant of the New Line character 
is used to indicate 


the end of displayed data. 


A number of changes in the OSD architecture 
have 


reduced the number of other Special Function Registers 
involved in the feature, below the number needed with 
predecessor 
devices: 


1. 
The elimination 
of certain options such as 4, 6, or 


8 x character sizes and alternate use of two of the 
video outputs. 


2. 
The moving of certain other options from central 
registers to Display RAM, such as foreground 
colour 


codes (Fcolor) and background 
(B) selection. 


Figure 7 shows the 3 major elements of the OSD facility: 


• OSD logic 


• Display RAM 


• Character Generator 
ROM. 


13.3 
OSD logic 


For a standard NTSC TV signal with an HSYNC frequency 
of 15.750 kHz and a VSYNC frequency 
of nominally 


60 Hz, there are roughly 50 !AS of active horizontal scan 
line available. 


A typical pixel clock frequency 
is 8 MHz, and therefore 


roughly 400 pixels of resolution can be obtained. At 
14 dots per character, this means 28 character 
per 


horizontal scan line. If the 12 dot per character 
display 


mode is used, that means 33 character per horizontal scan 
line. Allowing for edge effects, 26 characters (14 across) or 
31 characters 
(12 across) can be displayed. 


Note that VGA rates and higher can be used. The 
minimum character dot size will be a function of the VGA 
frequency 
used. For a 640 x 480 display, running at 


33 kHz, the equivalent 83C055 pixel resolution is about 
160 across (because of the 8 MHz clock and allowing for 
overscan). This means that status and diagnostic 
information can be displayed 
on video monitors. 


13.3.1 
ON-CHIPVIDEOOSCILLATOR 


The video clock pins (VCLK1 and VCLK2) are used to 
connect a LC circuit to an on-chip video oscillator that is 
independent 
of the normal MCU clock. 


The Land C values are chosen so that a video pUlse, of a 
duration equal to the VCLK period, will produce a 
more-or-Iess square dot on the screen, that is, a dot having 
a width approximately 
equal to the vertical distance 


between consecutive 
scan lines. 


The video oscillator is stopped (with VCLK2 = LOW) while: 


• HSYNC (Horizontal Sync) is maintained, 
and 


• is released to operate at the trailing edge of HSYNC. 


This technique 
helps provide uniform horizontal 


positioning 
of characters/dots 
from one scan line to the 


next. 
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13.4 
Character Generator ROM 


Character 
Generator 
ROM. Containing 
60 displayable 
bit 


maps, Le. 64 minus 4, comprising: 


• One for each of new line: New Line, and 


• Three space characters: 


- 
Space 


- 
BSpace 


- 
SplitBSpace. 


Each bit map includes 18 scan lines by 14 dots. 


The Character Generator 
ROM is maskable or 


programmable 
along with the Program ROM to allow for 


various character sets and languages. 


13.5 
Display RAM organization 


Each Display RAM location includes: 


• 6 data bits, and 


• 4 attribute bits. 


The 6 data bits from Display RAM, along with a 
line-within-row 
count, act as addresses 
into the Character 
Generator 
ROM. Except in special test modes that are 


beyond the scope of this data sheet, Display RAM cannot 
be read by the MCU program. 


VCLK2 
OSDLOGIC 
VCLK1 


7 


internal 


4 
VCTRL 
OSD RAM 
ATTRIBUTE 


bus 
128.10 
CONTROL 


VID2 


6 
RGB 
DIGITAL 
VIDEO 
OUT 


VID1 


CHARACTER 
6 
CHARACTER 
GENERATOR 
GENERATOR 
ADDRESS 
LOGIC 
60.18.14 
ViDa 


MBG323 
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13.6 
OSD Special 
Function 
Registers 


The programming 
interface to Display RAM is provided by 


three Special Function Registers as shown in Tables 15, 
17 and 20. 


Writing OSAT simply latches the attribute bits into a 
register, while writing OSDT causes the data bus 
information, 
plus the contents of the OSAT register, to be 


written into display RAM. 


Thus, for a given Display RAM location, OSAT should be 
written before OSDT. If successive 
characters 
are to be 


written into Display RAM with the same attributes, 
OSAT 


Product specification 


need not be rewritten for each character, only prior to 
writing OSDT for the first character with those particular 
attributes. 


The OSAT attribute bits associated 
with the BSpace, 
SplitBSpace 
and New Line characters 
(see Table 19) are 


interpreted differently from those that accompany 
other 


data characters. 
With BSpace and SplitBSpace, 
B is 


interpreted 
as described 
above, but the 3 colour bits 


specify the background 
colour (Bcolor) for subsequent 


characters. 
For BSpace, a change in Band 
Bcolor 


becomes effective at the left edge of the character's 
bit 


map. 


13.6.1 
SPECIALFUNCTIONREGISTEROSAD 


Table 15 Special Function Register OSAD (On Screen ADdress; address 9AH) 


BIT 
SYMBOL 
DESCRIPTION 


7 
- 
Reserved. 


6to 0 
OSAD6 to OSADO 
These 7-bits hold the Display RAM address into which data will be 
loaded. OSAD is automatically 
incremented 
by one each time OSDT and 


Display RAM are written to. 


13.6.2 
SPECIALFUNCTIONREGISTEROSDT 


Writing OSDT causes the data bus information, 
plus the contents of the OSAT register, to be written into display RAM. 


BIT 
SYMBOL 
DESCRIPTION 


7to 6 
- 
Reserved. 


5to 0 
OSDT5 to OSDTO 
Character data; see Table 19. In reality, there is a potential conflict 
between the timing of a write to OSDT and an access to display RAM by 
the OSD logic for data display. This is resolved by the use of a true 
dual-ported 
RAM for display memory. 


83C145; 83C845 
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SPECIAL 
CHARACTER 
OSDT5 
OSDT4 
OSDT3 
OSDT2 
OSDT1 
OSDTO 


New Line 
1 
1 
1 
1 
0 
1 


Space (normaQ 
1 
1 
1 
1 
0 
0 


BSpace 
1 
1 
1 
1 
1 
0 


SplitBspace 
1 
1 
1 
1 
1 
1 


13.6.3 
SPECIALFUNCTIONREGISTEROSAT 


Table 20 Special Function Register OSAT ( On Screen ATtribu1es; address 98H) 


WITH OSDT= 
7 
6 
5 
4 
3 
2 
1 
0 


New Line 
- 
- 
- 
E 
- 
SR 
D 
Sh 


BSpace 
- 
- 
- 
B 
- 
BC2 
BC1 
BCO 


SplitBSpace 
- 
- 
- 
B 
- 
BC2 
BC1 
BCO 


Any other character 
- 
- 
- 
B 
- 
FC2 
FC1 
FCO 


BIT 
SYMBOL 


. 


DESCRIPTION 


7 to 5, 3 
- 
Reserved. 


With OSDT = New Line; note 1 


4 
E 
End; If the E bit is 1, no further rows are displayed on the screen. 


2 
SR 
Short row; If E = 0 and SR = 1, the next row is a 'short row', i.e. it is only 4 or 8 scan lines high 
rather than 18 or 36. Short rows can be used for underlined lext. 


1 
D 
Double height; If E = 0 and D = 1, all of the characters 
in the following 
row are displayed with 
'double height and width'. 


0 
Sh 
Shadowing; 
If E = 0 and Sh = 1, all of the characters in the following 
row are displayed with 


'shadowing'; 
see Section 13.8. 


With OSDT = BSpace 
or SplltBspace; 
note 2 


4 
B 
Background; 
B indicates whether 'background 
pixels' should show the current background 
colour (B = 1), or television video (B = 0). 


2to 0 
BC2to 
BCO 
Bcolor: Background 
colour (notes 3 and 4; see Table 22). 


With OSDT = Any other 
character 


4 
B 
Background; 
B indicates whether 'background 
pixels' should show the current background 
colour (B = 1), or television video (B = 0). 


2to 0 
FC2to 
FCO 
Fcolor: Foreground 
colour. Fcolor indicates the colour of 'foreground 
pixels' in the ROM bit 
map for this character 
(see Table 22). 


83C 145; 83C845 
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Notes to the description 
of OSAT bits 


1. 
The latches in which the E,SR, D, and Sh bits are captured are cleared to zero at the start of each vertical scan. This 
means that if the first text line on the screen is a short row, or if it contains either double size or shadowing, 
the text 
must be preceded by a New Line character. Like all such characters, this initial New Line advances the vertical 
screen position; the VStart value (see register OSORG; Section 13.9) should take this fact into account. 


2. 
For SplitBSpace, 
a change in Band 
Bcolor occurs halfway through the character horizontally. 


3. 
The normal Space character 
has no effect on the Bcolor value. 


4. 
The Bcolor value is not cleared between vertical scans, so that if a single background 
colour is all that is needed in 
an application, 
it can be set via a single BSpace character during program initialization, 
and never changed 
thereafter. 
In order for such a BS pace to actually affect the 83C055 internal Bcolor register the Mode field of the 
OSMOD register must be set to '01 B' (or higher) so that the OSD hardware is operating 
(see register OSMOD; 


Section 13.8). 


CHARACTER 
BIT MAP VALUE 
OSD OUTPUTS 
(notes 1 and 2) 


VID2 
V1D1 
VIDO 
VCTRL 


logic 1 
FC2 
FC1 
FCO 
driven active 


logic 0 
BC2 
BC1 
BCD 
B 


Notes 


1. 
Bcolor (BC2,BC1 ,BCD) values '000' and '111' minimize the occurrence 
of transient states among the VID2 to VIDO 
outputs. 


2. 
The background 
colour defined by the most recently encountered 
BSpace or SplitBSpace 
character 
is maintained 
on the VID2 to VIDO pins except at the following times: 


a) During the active time of HSYNC. 


b) During the active time of VSYNC. 


c) 
During those pixels of an active character that correspond to a logic 1 in the character's 
bit map. 


d) 
During a 'shadow' 
bit. 


Philips Semiconductors 
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13.7 
OSD Control 
Register 
OSCON 


Table 23 OSD Control Register OSCON (address COH) 
~~_I:~~I 
:v 
I 
:v 1~~~~p~4h~~~~~~~~p~3c~~~~ 
__ p_20 
D_1H 
B_:_e_~ 


BIT 
SYMBOL 
DESCRIPTION 


7 
IV 
Interrupt flag for the OSD feature. Bit IV is set by the leading edge of the VSYNC pulse, 
and is cleared by the hardware when the VSYNC interrupt routine is vectored to. It can 
also be set or cleared by software writing a logic 1 or logic 0 to this bit. 


6 
Pv 
Pv defines the active VSYNC input polarity. If Pv = 0, then VSYNC input is active HIGH; 
if Pv = 1, then VSYNC input is active LOW. 
One effect of bit Pv is that the VID2 to VIDO and VCTRL outputs are blocked (held at 
black/inactive) 
during the active time of VSYNC. The IV bit is set on the leading edge of 


the VSYNC pulse; thus Pv controls whether the OSD interrupt occurs in response to a 
HIGH-to-LOW 
or LOW-to-HIGH 
transition 
on VSYNC. 


5 
Lv 
Lv defines the active edge of VSYNC. The active edge (leading or trailing) of VSYNC 
(as defined by Pv), clears the state counter which determines the vertical start of on 
screen data. Time reference for the video field is the leading edge of VSYNC, 
if Lv = 0, 


or the trailing edge of VSYNC, if Lv = 1. 


4 
Ph 
Ph defines the active HSYNC input polarity. If Ph = 0, then HSYNC input is active HIGH; 
if Ph = 1, then HSYNC input is active LOW. 


3 
Pc 
Pc defines the active VCTRL output polarity; VCTRL output active means: show the 
colour on VID2 to VIDO. If Pc = 0, then VCTRL output is active HIGH; If Pc = 1, then 
VCTRL output is active LOW. 


2 
Po 
Po defines the VID2 to VIDO outputs polarity; bit is needed only because the Shadowing 
feature needs to generate black pixels without reference to a register value. Internally, 
the 3-bit code 'OOOB'always designates 
black. 


If Po = 0, a logic 0 internal to the 83C055 corresponds 
to a LOW on one of the 


VID2 to VIDO pins. 


If Po = 1, a logic 1 internal to the 83C055 corresponds 
to a LOW on one of the 


VID2 to VIDO pins. 


1 
DH 
If DH = 1, character sizes are doubled vertically but not horizontally. 
This feature allows 


the 83C055 to be used in 'improved 
definition' systems that are not interlaced. 


The vertical doubling imposed by DH does not affect the VStart logic as described 
in 
Table 30; it operates in HSync units regardless of DH or D. 


0 
BFe 
Background/Foreground 
enable; output BF. If BFe = 1, then the BF output tracks 
whether each bit in displayed characters is a Foreground 
bit (LOW), or a Background 
bit 
(HIGH). If BFe = 0, then the BF pin remains HIGH. 


Note 


1. 
It is theoretically 
possible that a VSYNC interrupt could be missed, or an extra one generated, 
if OSCON is read, 


then modified internally (e.g. in ACC), and the result written back to OSCON. However, none of the other bits in 
OSCON are reasonable candidates for dynamic change. Special provisions are included in the 83C055 logic so that 
IV will not be changed by a single 'read-modify-write' 
instruction such as SETB or CLR, unless the instruction 
specifically 
changes IV. 


13.8 
OSD Control 
Register 
OSMOD 


Under some conditions wr~ing to OSMOD while the display is active can cause a temporary flicker during that display 
field. This can be avoided by only writing to OSMOD during the vertical sync interval. 


Table 25 OSD Control Register OSMOD (address C1 H) 
---------- 


I 
;c 
I 
6 
I 
Mo:e1 
1===M=0=:=eo========3==== __ 
S_H_ 


2 


M_2 
S_H_M_1 
S_H_OM_O 
__ 


BIT 
SYMBOL 
DESCRIPTION 


7 
Wc 
If Wc = 1, then each displayed character 
is horizontally 
terminated 
after 


12 bits have been output, as opposed to after 14 b~s if Wc = O.This 
allows text to be 'packed' more tightly so that more characters 
can be 


displayed per line. In effect, the 2 Ms out of the display ROM, which 
would otherwise be the rightmost 2 of the 14, are ignored when Wc is 1. 
Clearly, if this feature is to be used, it must be accounted for in the design 
of the bit maps in the display ROM. 


6 
- 
Reserved. 
I 


5 
Mode1 
Display mode select bits; see Table 27. 


4 
ModeO 


3 
- 
Reserved. 


2to 0 
SHM2toSHMO 
Shadowing 
mode (ShMode); determines 
how characters 
are shadowed 


in rows for which the row attribute Sh = 1 (register OSAT; see Table 21); 
for the shadowing 
modes see Fig.8 and Table 28. 


Model 
Modeo 
DISPLAY MODE 


0 
0 
Mode 0 The OSD feature is disabled. VCLK oscillator is disabled, VID2 to VIDO are setto black, and 
VCTRL is held inactive.This 
is the mode to which the 83C055 OSD logic is reset; note 1. 


0 
1 
Mode 1 The VCLK oscillator is enabled and the OSD logic operates normally internally, but 
VID2 to VIDO are set to black and VCTRL is held inactive; note 2. 


1 
0 
Mode 2 
Normal OSD operation. Active characters 
can be shown against TV video (for characters 
with B = 0) or (for characters with B = 1) against a background 
of the colour defined as an 


attribute of BSpace and Spl~BSpace 
characters. 


1 
1 
Mode 3 
Characters 
can be displayed but all of the receiver's normal video is inhibited by holding 
VCTRL asserted throughout the active portion of each scan line; see note 3. 


Notes 


1. 
A direct transition from this mode to 'active display' (Mode1, ModeO = 1X) would result in undefined operation 
and 
visual effects for the duration of the current video field (until the next VSYNC). 


2. 
The OSD feature can be toggled between this state and 'active display' as desired to achieve real-time special effects 
such as 'vertical wiping'. 


3. 
Since VID2 to VIDO are driven with the current background 
colour during this time, except during the foreground 
portion of displayed characters, this produces text against a solid background. 
This mode is useful for extensive 
displays that require user concentration. 
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SHM2 
SHM1 
SHMO 
Sh 
SHADOWING 
MODE(1) 


0 
0 
0 
1 
South-west 


0 
0 
1 
1 
West 


0 
1 
0 
1 
North-west 


0 
1 
1 
1 
North 


1 
0 
0 
1 
North-east 


1 
0 
1 
1 
East 


1 
1 
0 
1 
South-east 


1 
1 
1 
1 
Full surround 


X 
X 
X 
0 
No Shadowing 


Note 


1. 
The mode names are based on the position of an apparent light source, ranging from the lower left (South-west) 
clockwise to the lower right (South-east); 
see Fig.B. 


13.9 
OSD Control Register OSORG 


Table 29 OSD Control Register OSORG (address C2H) 
---------- 


I 
H:2 
1__ 
H_:_1_~ 
__ H_:_O 
V_:_2_~ 
__ V_~_1 
V_:_O__ 


7 


HS4 


6 


HS3 


BIT 
SYMBOL 
DESCRIPTION 


7t03 
HS4to 
HSO 
HStart field; defines the horizontal start position of all the on-screen character rows, as 
approximately 
a multiple of 4 VCLK clock cycles. Active display begins after the trailing 


edge of HSYNC at the position: 


HP = 
[4 x (HStart) 
+ 1] x VCLK 
clock cycle + (one single-sized 
character width) 


Where (HStart) is the decimal value of bits (HS4 to HSO); note 2. 


2toO 
VS2toVSO 
VStart field; defines the vertical start position of the first on-screen character 
row, as 


approximately 
a multiple of 4 HSYNC pulses. Active display begins after the field's time 
reference point (a range of 3 to 31)at the position: 


VP = 
[4 x (VStart) 
-1] 
x HSYNC pulses 


Where (VStart) is the decimal value of bits (VS2 to VSO); note 3. 


Notes 


1. 
Neither the Hstart nor Vstart parameter 
is affected by the D line attribute that is used to display double-sized 
characters. 


2. 
Counting variations in Wc, there may be 17 to 143 VCLK clock cycles from the end of HSYNC to the start of the first 
character of each row. 


3. 
Subsequent 
character rows occur directly below the first, such that the last scan line of one row is directly followed 
by the first scan line of the next row. Successive 
New Line characters 
(with or without the Short Row designation) 
can be used to vertically separate text rows on the screen. 
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• 


D 


foreground 
colour pixel 
••• 


• 


83C145; 
83C845 


83C055; 
87C055 


14 
PROGRAMMING 
CONSIDERATIONS 


14.1 
EPROM Characteristics 


The 87C055 is programmed 
by using a modified Quick-Pulse 
Programming 
algorithm similar to that used for devices 
such as the 87C751. It differs from these devices in that a serial data stream is used to place the 87C055 in the 
programming 
mode. 


Figure 9 shows a block diagram of the programming 
configuration 
for the 87C055. 


PIN 
USAGE 


XTAL1 
Oscillator input and receives the master system clock. This clock should be between 
1.2 and 6 MHz. 


RESET 
Used to accept the serial data stream that places the 87C055 into various programming 
modes. 
This pattern consists of a 1O-bit code with the LSB sent first. Each bit is synchronized 
to the 
clock input, XTAL1. 


Port 0 


Vpp/TDAC/PO.O 
Used as the programming 
voltage supply input (Vpp signal). 


PROG/PWM1/PO.1 
Used as the program PROG signal. This pin is used for the 25 programming 
pulses. 


Port 2 


P2.7toP2.0 
Address input for the byte to be programmed 
and accepts both the high- and low-order 
com ponents of the 11-bit address; note 1. 


Port 3 


P3.7 to P3.0 
Used as a bidirectional 
data bus during programming 
and verify operations. 
During programming 
mode, it accepts the byte to be programmed. 
During verify mode, it provides the contents of the 


EPROM location specified by the address which has been supplied to Port 2. 


Note 


1. 
Multiplexing 
of these address components 
is performed using the ASEL input: 


a) ASEL input is driven HIGH and then drive Port 2 with the high-order 
bits of the address. ASEL should remain 
HIGH for at least 13 clock cycles. 


b) ASEL may then be driven LOW which latches the high-order bits of the address internally. The high-order address 
should remain on Port 2 for at least 2 clock cycles after ASEL is driven LOW. 


c) 
Port 2 may then be driven with the low byte of the address. The low-order address will be internally stable 13 clock 
cycles later. The address will remain stable provided that the low byte placed on Port 2 is held stable and ASEL 
is kept LOW. 


d) ASEL needs to be pulsed HIGH only to change the high byte of the address. 
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14.2 
Programming 
operation 


Figures 10 and 11 show the timing diagrams for the 
ProgramNerify 
cycle. Programming 
operation: 


1. 
RST should initially be held HIGH for at least 
2 machine cycles. PO.1 (PROG) and PO.O(Vpp) will be 
at VOHas a result of the RST operation. At this point, 
these pins function as normal quasi-bidirectional 
I/O 


ports and the programming 
equipment may pUll these 


lines LOW. However, priorto 
sending the 10-bit code 


on the RST pin, the programming 
equipment should 


drive these pins HIGH (VIH). 


2. 
The RST pin may now be used as the serial data input 
for the data stream which places the 87C055 in the 
Programming 
Mode. Data bits are sampled during the 


clock HIGH time and thus should only change during 
the time that the clock is LOW. Following transmission 
of the last data bit, the RST pin should be held LOW. 


3. 
Next the address information for the location to be 
programmed 
is placed on Port 2 and ASEL is used to 


perform the address multiplexing, 
as previously 


described 
(see Table 31; note 1). 


a) At this time, Port 1 functions as an output. 


b) A high voltage Vpp level is then applied to the Vpp 


input (PO.O).This sets Port 1 as an input port. 


c) The data to be programmed 
into the EPROM array 


is then placed on Port 3. This is followed 
by a 


series of programming 
pulses applied to the PROG 


pin (PO.1). These pulses are created by driving 
PO.1 LOW and then HIGH. This pulse is repeated 
until a total of 25 programming 
pulses have 


occurred. At the conclusion 
of the last pUlse, the 


PROG signal should remain HIGH. 


4. 
The Vpp signal may now be driven to the VOH level, 
placing the 87C055 in the Verify Mode; Port 3 is now 
used as an output port. After four machine cycles 
(48 clock periods), the contents of the addressed 
location in the EPROM array will appear on Port 3. 


5. 
The next programming 
cycle may now be initiated by: 


a) 
Placing the address information at the inputs of the 
multiplexed 
buffers. 


b) Driving the Vpp pin to the Vpp voltage level. 


c) 
Providing the byte to be programmed to Port 3 and 
issuing the 26 programming 
pulses on the PROG 


pin. 


d) Bringing Vpp back down to the VOH level and 


verifying the byte (see Table 33). 


14.3 
Erasure 
Characteristics 


Erasure of the EPROM begins to occur when the chip is 
exposed to light with wavelengths 
shorter than 


approximately 
4000 Angstroms. 
Since sunlight and 


fluorescent 
lighting have wavelengths 
in this range, 


exposure to these light sources over an extended time 
(about 1 week in sunlight, or 3 years in room level 
fluorescent 
lighting) could cause inadvertent 
erasure. 


For this and secondary effects, it is recommended 
that an 


opaque label be placed over the window. For elevated 
temperature 
or environments 
where solvents are being 


used, apply Kapton tape Fluorless (part num ber 2345-5) or 
equivalent. 


The recommended 
erasure procedure 
is exposure to 


ultraviolet light (at 2537 Angstroms) 
to an integrated dose 


of at least 15 Ws/cm2. 


Exposing the EPROM to an ultraviolet lamp of 
12000 IA-W/cm2rating for 20 to 39 minutes, at a distance of 
about 1 inch, should be sufficient. Erasure leaves the array 
in an all logic 1s state. 


14.4 
Reading 
Signature 
Bytes 


The Signature Bytes are read by the same procedure as a 
normal verify of locations 30H and 31 H (the values are 
shown in Table 32), except that the serial code indicated in 
Table 33 for reading signature bytes should be used. 


ADDRESS 
CONTENT 
INDICATION 


30H 
15H 
manufactured 
by Philips 


31H 
4BH 
87C055 


OPERATION 
SERIAL 
PO.1 
PO.O 


CODE 
(PROG) 
(Vpp) 


Program user EPROM 
286H 
_(1) 
Vpp 


Verify user EPROM 
286H 
V1H 
VIH 


Read Signature Bytes 
280H 
VIH 
VIH 


Note 


1. 
Pulsed from V1Hto VIL and returned to V1H. 
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VppNlH V~;~~~~ 


CLKSOURCE 
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14.5 
EPROM Programming 
and Verification 


VDD = 5V±1o%; 
Vss = oV;Tamb = 21 to 27 ·C. 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


1/teLCL 
Oscillator/clock 
frequency 
1.2 
6 
MHz 


tAVGL(1) 
Address setup to PO.1 (PROG) LOW 
10 + 24tCLcL 
- 
its 


tGHAX 
Address hold after PO.1 (PROG) HIGH 
48tcLCL 
- 
its 


tDVGL 
Data setup to PO.1 (PROG) LOW 
38tcLCL 
- 
its 


tGHDX 
Data hold after PO.1 (PROG) HIGH 
38tcLCL 
- 
its 


tSHGL 
Vpp setup to PO.1 (PROG) LOW 
10 
- 
its 


tGHSL 
Vpp hold after PO.1 (PROG) HIGH 
10 
- 
its 


tGLGH 
Po.1 (PROG) width 
90 
110 
its 


tAVQV(1) 
Vpp (VDD) LOW to data valid 
- 
48teLCL 
its 


tGHGL 
PO.1 (PROG) HIGH to PO.1 (PROG) LOW 
10 
- 
its 


tSYNL 
Po.O (sync pulse) LOW 
4tCLCL 
- 
its 


tSYNH 
Po.o (sync pUlse) HIGH 
8tcLcL 
- 
its 


tMASEL 
ASEL HIGH time 
13tcLCL 
- 
its 


tHAHLD 
Address hold time 
2tCLCL 
- 
its 


tHASET 
Address setup to ASEL 
13tcLcL 
- 
!tS 


tADSTA 
Low address to address stable 
13teLCL 
- 
!tS 


Note 


1. 
Address should be valid at least 24tCLCLbefore the rising edge of PO.O(Vpp). 


po.o 
[V (p_p)] _5V 
~/ ::.l I.- 'sHGL 
\5V 


--l l..::~HSL 


25PULSES 
I 
I 
I 


PO.1(PROG)----------~L 
~-~------- 


lGLGHI-. -J 
-J I-- lGHGL 
-I lMASELr- 
98~s MIN 
10~ MIN 


PO.2(ASEL)~J 
\ 
_ 


LOWADDRESS 


lOVGLr 
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15.1 
Overview 


The 080 EPROM space starts at location COOOHand 
ends at location CFFFH. However, due to the addressing 
scheme of the 080, not all locations within this space are 
used.The start location of the next character can be 
calculated 
by adding 40H to the start location of the 


previous character. For example, character 
1 starts at 


COOOH;then characters 2, 3, and 4 start at C04OH, 
C080H, and COCOH, respectively. 


15.2 
Character 
description 
and programming 


An example of an OSO character bit map, and the program 
data to obtain that character is shown in Table 34. 


Each character is 14 bits wide by 18 lines high.A character 
is split about a vertical axis into two sections UPPER and 
LOWER as illustrated in Table 34: 


o Each section contains 7 bits of the character, 
such that: 


- 
the LOWER section contains bits 7 to 1, and 


- 
the UPPER section contains bits 14 to 8. 


o The LOWER section ofthe 
character 
is programmed 


when the LSB of the program address equals a logic 0, 
and the UPPER section when the LSB equals a logic 1. 


Ouring Programming 
and Verification, 
each section is 


programmed 
using bytes of program data. The MSB of the 


program data is not used; however, the MSB location 
physically exists, and so will Program and Verify. 


15.3 
OSD EPROM bit map 


The mapping for the full 080 EPROM is shown in Table 35. To program the example character 
into the first character 
location of the OSO EPROM would require the data at the address as shown in Table 34. 


CHARACTER 
BIT MAP 
PROGRAM 
DATA 
ADDRESS 
(HEX) 


LINE 
UPPER 
LOWER 


(BIT 14 TO 8) 
(BIT7TO 
1) 
UPPER 
LOWER 
UPPER 
LOWER 


Line 1 
0000000 
0000000 
XOOOOOOO 
XOOOOOOO 
C001 
COOO 


Line 2 
0000000 
0000000 
XOOOOOOO 
XOOOOOOO 
C003 
C002 


Line 3 
0011110 
0001100 
X0011110 
XOO01100 
C005 
C004 


Line 4 
0011110 
0001100 
X0011110 
X0001100 
C007 
C006 


Line 5 
0011110 
0001100 
X0011110 
XOO01100 
C009 
C008 


Line 6 
0011110 
0001100 
X0011110 
XOO01100 
COOB 
COOA 


Line 7 
0011110 
0001100 
X0011110 
XOO01100 
COOO 
COOC 


Line 8 
0011110 
0001100 
X0011110 
XOO01100 
COOF 
COOE 


Line 9 
0011111 
1111100 
X0011111 
X1111100 
C011 
C010 


Line 10 
0011111 
1111100 
X0011111 
X1111100 
C013 
C012 


Line 11 
0011111 
1111100 
X0011111 
X1111100 
C015 
C014 


Line 12 
0011110 
0001100 
X0011110 
XOO01100 
C017 
C016 


Line 13 
0011110 
0001100 
X0011110 
XOO01100 
C019 
C018 


Line 14 
0011110 
0001100 
X0011110 
XOO01100 
C01B 
C01A 


Line 15 
0011110 
0001100 
X0011110 
XOO01100 
com 
C01C 


Line 16 
0011110 
0001100 
X0011110 
XOO01100 
C01F 
C01E 


Line 17 
0000000 
0000000 
XOOOOOOO 
XOOOOOOO 
C021 
C020 


Line 18 
0000000 
0000000 
XOOOOOOO 
XOOOOOOO 
C023 
C022 


Note 


1. 
X can be a logic 0 or logic 1, and will Program and Verify correctly. 


83C145; 83C845 
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ADDRESS 
(HEX) 
CHARACTER 
LINE NO. 
CHARACTER 
NO. 


LOWER BYTE 
UPPER BYTE 


0 
COOO 
C001 
1 


C002 
C003 
2 


C004 
C005 
3 


C006 
C007 
4 


C008 
C009 
5 


COOA 
COOB 
6 


COOC 
COOD 
7 


COOE 
COOF 
8 


C010 
C011 
9 


C012 
C013 
10 


C014 
C015 
11 


C016 
C017 
12 


C018 
C019 
13 


C01A 
C01B 
14 


C01C 
C01D 


--:0 


15 


C01E 
C01F 
16 


C020 
C021 
17 


C022 
C023 
18 


C024 to C03F 
not used 
1(1) 
C040to 
C063 
! 
1 to 18 


C064 to C07F 
not used 
2(1) 
C080to 
COA3 
1 to 18 


COM to COBF 
not used 
, 


3to 59(1) 
- 
- 


60(2) 
CFOOto CF23 
1 to 18 


CF24 to CF3F 
not used 
61(2) 
CF40to 
CF63 
1 to 18 


CF64 to CF7F 
not used 
62(2) 
CF80to 
CFA3 
1 to 18 


CFMto 
CFBF 
not used 
63(2) 
CFCOto CFE3 
1 to 18 


CFE4to 
CFFF 
not used 


Notes 


1. 
Characters 
1 to 59 are setup in the similar way as character 0; due to space and simplicity this is not fully displayed. 


2. 
Locations 60, 61, 62 and 63 should be programmed to logic Os.The character names are: character no. 60 = Normal 
Space; character 
no. 61 = New Line; character no. 62 = BSpace; character no. 63 = SplitBSpace. 


83C 145; 83C845 
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Table 36 Register map 


Values within parenthesis 
show the bit state after a reset operation; 
·X· denotes an undefined state. 


ACCR. 
REGISTER 
7 
6 
5 
4 
3 
2 
1 
0 
(HEX) 


EO 
ACC(1) 
ACC7 
ACC6 
ACC5 
ACC4 
ACC3 
ACC2 
ACCl 
ACCO 


(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


FO 
B(1) 
B7 
B6 
B5 
B4 
B3 
B2 
Bl 
BO 


(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


83 
DPH 
DPH7 
DPH6 
DPH5 
DPH4 
DPH3 
DPH2 
DPHl 
DPHO 


(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


82 
DPL 
DPL7 
DPL6 
DPL5 
DPL4 
DPL3 
DPL2 
DPLl 
DPLO 


(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


A8 
IE(1) 
EA 
- 
- 
EVS 
ETl 
EXl 
ETO 
EXO 


(0) 
(X) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


9A 
OSAD 
- 
OSAD6 
OSAD5 
OSAD4 
OSAD3 
OSAD2 
OSADl 
OSADO 


(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 


9F to 98 
OSAT(1)(2) 
- 
- 
- 
E 
- 
SR 
D 
Sh 


(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
OSAT(1)(3) 
- 
- 
- 
B 
- 
BC2 
BCl 
BCO 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
OSAT(1)(4) 
- 
- 
- 
B 
- 
FC2 
FCl 
FCO 


(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 


99 
OSDT 
- 
- 
OSDT5 
OSDT4 
OSDT3 
OSDT2 
OSDTl 
OSDTO 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 


CO 
OSCON(1) 
IV 
Pv 
Lv 
Ph 
Pc 
Po 
DH 
BFe 


(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 


Cl 
OSMOD 
We 
- 
Model 
ModeO 
- 
SHM2 
SHMl 
SHMO 


(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 


C2 
OSORG 
HS4 
HS3._ 
HS2 
HSl 
HSO 
VS2 
VSl 
VSO 


(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 


80 
PO(1) 
P07 
POO 
P05 
P04 
P03 
P02 
POl 
POO 


(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 


90 
Pl(1) 
P17 
P16 
P15 
P14 
P13 
P12 
Pll 
Pl0 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 


AO 
p2(1) 
P27 
P26 
P25 
P24 
P23 
P22 
P21 
P20 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
BO 
p3(1) 
P37 
P36 
P35 
P34 
P33 
P32 
P31 
P30 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
87 
PCON 
- 
- 
- 
- 
GFl 
GFO 
- 
- 
(0) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 
(X) 


DO 
PSW(1) 
Cy 
AC 
FO 
RSl 
RSO 
OV 
- 
P 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
D4 
PWMO 
PWOE 
- 
PV05 
PV04 
PV03 
PV02 
PVOl 
PVOO 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
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ADDR. 
REGISTER 
7 
6 
5 
4 
3 
2 
1 
0 
(HEX) 


05 
PWM1 
PW1E 
- 
PV15 
PV14 
PV13 
PV12 
PV11 
PV10 


(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


06 
PWM2 
PW2E 
- 
PV25 
PV24 
PV23 
PV22 
PV21 
PV20 


(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


07 
PWM3 
PW3E 
- 
PV35 
PV34 
PV33 
PV32 
PV31 
PV30 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


DC 
PWM4 
PW4E 
- 
PV45 
PV44 
PV43 
PV42 
PV41 
PV40 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


DO 
PWM5 
PW5E 
- 
PV55 
PV54 
PV53 
PV52 
PV51 
PV50 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


DE 
PWM6 
PW6E 
- 
PV65 
PV64 
PV63 
PV62 
PV61 
PV60 
(O) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


OF 
PWM7 
PW7E 
- 
PV75 
PV74 
PV73 
PV72 
PV71 
PV70 


(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


08 
SAO(1) 
VHi 
CH1 
CHO 
St 
SAD3 
SA02 
SA01 
SAOO 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


81 
SP 
SP7 
SP6 
SP5 
SP4 
SP3 
SP2 
SP1 
SPO 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


03 
TOACH 
TOE 
- 
T013 
T012 
T011 
T010 
T09 
T08 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


02 
TOACL 
T07 
TOO 
T01 
T02 
T03 
T04 
T05 
T06 


(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


88 
TCON(1) 
TF1 
TR1 
TFO 
TRO 
IE1 
IT1 
IEO 
ITO 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


8C 
THO 
TH07 
TH06 
TH05 
TH04 
TH03 
TH02 
TH01 
THOO 


(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


80 
TH1 
TH17 
TH16 
TH15 
TH14 
TH13 
TH12 
TH11 
TH10 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


8A 
TLO 
TL07 
TL06 
TL05 
TL04 
TL03 
TL02 
TL01 
TLOO 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


8B 
TL1 
TL17 
TL16 
TL15 
TL14 
TL13 
TL12 
TL11 
TL10 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


89 
TMOO 
GATE 
CfT 
M1 
MO 
GATE 
CfT 
M1 
MO 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
C3 
RAMCHR 
for test purposes only 


C4 
RAMATT 
. 
for test purposes only 


Notes 


1. 
Bit addressable. 


2. 
With OSOT = New Line. 


3. 
With OSOT = BSpace or SplitBSpace. 


4. 
With OSOT = Any other character. 


17 
LIMITING VALUES 


In accordance 
with the Absolute 
Maximum Rating System (IEC 34); see notes 1 and 2. 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


Voo 
supply voltage 
4.5 
5.5 
V 


VI 
input voltage on any pin with respect to ground 0'ss) 
-0.5 
6.5 
V 


IOH 
maximum source current for all port lines 
- 
-1.5 
mA 


IOL 
maximum sink current for all port lines 
- 
15 
mA 


Plot 
total power dissipation 
- 
1.5 
W 


Tamb 
operating ambient temperature 
0 
70 
·C 


Tslg 
storage temperature 
-65 
150 
·C 


Notes 


1. 
Stresses above those listed under Limiting Values may cause permanent damage to the device. 


2. 
Parameters 
are valid over operating temperature 
range unless otherwise specified. All voltages are with respect to 
Vss unless otherwise noted. 


18 
HANDLING 


Inputs and outputs are protected against electrostatic 
discharge in normal handling. However it is good practice to take 
normal precautions 
appropriate to handling MOS devices (see "Handling MOS devicesj. 


Philips Semiconductors 
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19 
DC CHARACTERISTICS 


VDD = 5 V ±10% Tamb = 0 to +70 ·C; all voltages with respect to Vss; unless otherwise specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 


VDD 
operating supply voltage 
4.5 
5.0 
5.5 
V 


10D 
operating supply current 
VDD = 5.5 V; note 1 
- 
- 
30 
mA 


V1L 
LOW level input voltage 
-0.5 
- 
0.2VDD - 0.1 
V 


V1L1 
LOW level input voltage; 
-0.5 
- 
0.15VDD 
V 
VSYNC and HSYNC 


VIH 
HIGH level input voltage; 
O·7VDD 
- 
VDD + 0.5 
V 
XTAL, VCLK1 and RST 


VIH1 
HIGH level input voltage; P1.2 to P1.0, 
0.2VDD + 0.9 - 
VDD + 0.5 
V 
P3.6 to P3.5 and P3.3 to P3.1 


V1H2 
HIGH level input voltage; 
0.2VDD + 0.9 
- 
12.6 
V 
P1.3, P3.7,P3.4 and P3.0 


V1H3 
HIGH level input voltage; VSYNC and 
0.67VDD 
- 
VDD +0.5 
V 
HSYNC 


V1H- VDD 
HIGH level input voltage with respect 
note 2 
0.7VDD 
- 
VDD + 0.5 
V 
to V DD;Port 0, P1.3, P3.7, P3.4 and 
P3.0 


VOL1 
LOW level output voltage; P2.7 to P2.0 
10L= 10 mA; note 3 
- 
- 
0.5 
V 
and P3.6 to P3.5 


VOL2 
LOW level output voltage; 
10L= 700 ftA; note 4 
- 
- 
0.5 
V 
TDAC and PWMO to PWM7 


VOL3 
LOW level output voltage; all other 
'OL = 1.6 mA 
- 
- 
0.45 
V 
outputs 


VOH 
HIGH level output voltage; 
10H= -60!JA 
2.4 
- 
- 
V 
Port 1, VID2 to VIDO, VCTRL and SF 


RRST 
Reset (RS1) pUll-down resistor 
50 
- 
300 
kQ 


CIO 
Pin capacitance; 
except PO.Oand PO.7 
test freq. = 1 MHz; 
- 
- 
10 
pF 


Tamb = 25 ·C; note 5 


HYS 
Hysteresis; VSYNC and HSYNC 
0.8 
- 
- 
V 


Notes 


1. 
IDDmeasured with OSD block initialized and RST remaining LOW. 


2. 
This maximum applies at all times, including during power switching, and must be accounted for in power supply 
design. During a Power-on process, the +12 V source used for external pull-up resistors should not precede the Voo 
ofthe 83C055 up their respective voltage ramps by more than this margin, nor, during a Power-down 
process, should 
VDD precede +12 V down their respective voltage ramps by more than this margin. 


3. 
No more than 6 (any 6) of these 10 high current outputs may be used at the VOl1 (loL = 10 mAl specification. 
The other 4 should comply with the VOL3specification 
(IOL= 1.6 mAl. 


4. 
The specified current rating applies when any of these pins is used as a Pulse Width Modulated 
(PWM) output. 


For use as a port output, the rating is as given subsequently. 


5. 
The capacitance 
of pins PO.Oand PO.7forthe 
87C055 exceeds 10 pF; for PO.Othis is maximum 40 pF, while for PO.7 
it is maximum 20 pF. 


83C145; 83C845 
83C055; 87C055 


20 
AC CHARACTERISTICS 


Voo = 5 V ±10%; Tarnb = 0 to +70 °C; all Yoltages with respecllo 
Vss; unless otherwise specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


l/lclCl 
XTAL frequency 
note 1 
6 
- 
12 
MHz 


tCHCX 
XTAL1 clock HIGH time 
note 2 
20 
- 
- 
ns 


tClCX 
XTAL1 clock LOW time 
20 
- 
- 
ns 


tClCH 
XTAL1 clock rise time 
- 
- 
20 
ns 


tCHCl 
XTALl 
clock fall time 
5 
- 
20 
ns 


l/tYClCl 
VCLK frequency 
5 
- 
8 
MHz 


ItYCOH- tYCOlI 
Rise versus fall time skew on anyone 
of 
note 3 
- 
- 
40 
ns 
VID2to 
VIDO, VCTRL and SF 


ItYCOH1-tYCOH21 
Rise time skew between any two of 
- 
- 
30 
ns 
VID2to 
VI DO,VCTRL and SF 


ItYCOL1- tYCOL21 
Fall time skew between any two of 
- 
- 
30 
ns 
VID2to 
VIDO, VCTRL and SF 


Notes 


1. 
The 83C055 is tested at its maximum XTAL frequency, 
but not at any other (lower) rate. 


2. 
These parameters 
apply only when an external clock signal is used. 


3. 
These parameters 
assume equal loading at Cl = 100 pF, for all the referenced 
outputs. These parameters 
are 
specified but not tested. 


Philips 
Semiconductors 


Low voltage/low 
power single-chip 


8-bit microcontroller 
with 12C 


DESCRIPTION 
The 80CL41 0/83CL41 0 (hereafter generically 
referred to as 8XCL410) is manufactured in 
an advanced CMOS process that allows the 
part to operate at supply voltages down to 
1.8V and oscillator frequencies down to DC. 
The 8XCL410 has the same instruction set 
as the BOC51. 


The 8XCL41 0 features a 4k byte ROM 
(83CL410), 128 bytes RAM (both ROM and 
RAM are externally expandable to 64k 
bytes), four 8-bn ports, two 16-bit 
timer/counters, an 12C serial interface, a 
thirteen source, two priority level nested 
interrupt structure, and on-ehip oscillator 
circuitry suitable for quartz crystal, ceramic 
resonator, RC, or LC. 


The 8XCL41 0 has two reduced power modes 
that are the same as those on the standard 
8OC51. The special reduced power feature of 
this part is that it can be stopped and then 
restarted. Running from an extemal clock 
source, the clock can be stopped and after a 
period of time restarted. The BXCL410 will 
resume operation from where it was when the 
code stopped with no loss of intemal state, 
RAM contents, or Special Function Register 
contents. If the intemal oscillator is used the 
part cannot be stopped and started, but the 
power-down mode, which can be terminated 
via an interrupt, can be used to achieve 
similar power savings and then restart 
withou1loss of on-ehip RAM and Special 
Function Register values. 


FEATURES 


• Single supply voltage 1.8V to 6.0V 


• Frequency from DC to 12MHz 


• 80CS1 based architecture 


- 
4k x 8 ROM (64k extemal) 


- 
128 x 8 RAM (64k extemal) 


- 
Four B-bit 1/0 ports 


- 
Two 16-bit timer/counters 


- 
A thirteen-source, two-level, nested 
priority interrupt structure 


- 
10 extemal interrupts 


• Fully static 80CS1 CPU 


• 
12C Serial Interface 


• Two power control modes 


- 
Idle mode 


- 
Power-down mode - can be terminated 
by reset or extemal interrupt 


• Wake-up via extemal interrupts at port 1 


• Single supply voltage 1.8V to 6.0V 


• Frequency range of DC to 12MHz 


• On-ehip oscillator (quartz crystal, ceramic 


resonator, RC, LC) 


• Very low power consumption 


• Operating temperature range: 


--40 to +8S0C 


P2.61A14 


P2.S1A13 


P2A1A12 


P2.31A11 


P2.21A10 


P2.OIAI 


34 


33 


23 


22 


PHILIPS PART ORDER NUMBER 
PHILIPS NORTH AMERICA 
TEMPERATURE 
°C 
PART MARKING 
PART ORDER NUMBER1 
Drawing 


AND PACKAGE 
Number 
ROM less 
ROM 
ROMless 
ROM 
FREQUENCY 


P80CL410HFP 
P83CL410HFP 
P80CL410HF N 
P83CL410HF N 
--40 to +85, 
32kHZ to 12MHz 
SOT129·1 
40-Pin Plastic Dual In-line Package 


--40 to +85, 


P80CL410HFT 
P83CL410HFT 
P80CL410HFD 
P83CL41 OHF 0 
40-Pin Plastic Very Small Outiine 
32kHZ to 12MHz 
SOT1S8-1 


Package 


P83CL410HFH 
--40 to +8S, 
32kHZ to 12MHz 
SOT307-2 
44-Pin Plastic Quad Flat Pack 
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PLASTIC 
QUAD 
FLAT PACK 
PIN FUNCTIONS 


12 
22 


Pin 
Function 
Pin 
Function 


1 
Pl.5IlNT7 
23 
P2.51A13 
2 
Pl.6IINT8ISCL 
24 
P2.61A14 


3 
Pl.7/INT9/SDA 
25 
P2.7/A15 
4 
RST 
26 
I'SEI'I 
5 
P3.0 
27 
ALE 


6 
NC 
28 
NC 
7 
P3.1 
28 
Ell 
8 
P3.2/IIilTO 
30 
PO.7/AD7 
9 
P3.3II1'ITf 
31 
PO.61AD6 
10 
P3.4ITO 
32 
PO.51AD5 
11 
P3.5IT1 
33 
PO.41A04 


12 
P3.6IWIl 
34 
PO.31AD3 
13 
P3.71'R'O" 
35 
PO.21AD2 
14 
XTAL2 
36 
PO.lIADl 
15 
XTALl 
37 
PO.OIADO 
16 
VSS 
36 
Voo 


17 
NC 
39 
NC 
18 
P2.CVA8 
40 
Pl.OIINT2 


'9 
P2.1/A9 
41 
Pl.1/1NT3 
20 
P2.21Al0 
42 
Pl.2JINT4 
21 
P2.31Al1 
43 
Pl.3IINT5 
22 
P2.4/A12 
44 
P1.4/INT6 
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I-- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IL_ 


FREQUENCY 
REFERENCE 
r---'------l 


XTAL2 
XTALl 


PROGRAM 
MEMORY 
(4Kx8ROM) 


DATA 
MEMORY 
(128x8RAM) 


COUNTER 
(1) 
r---'------l 


TO 
T1 


SDA 
SCl 
L-...,---J 


(1) 


I 
I 
I 
I 
I 
__ 
--.1 
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PIN NO. 


MNEMONIC 
DIL40/ 
TYPE 
NAME AND FUNCTION 
QFP 
VS040 


Vss 
16 
20 
I 
Ground: 
OV reference. 


Voo 
3B 
40 
I 
Power Supply: 
This is the power supply voltage for normal, idle, and power-down 


operation. 


PO.<Hl.7 
30-37 
39-32 
I/O 
Port 0: Port a is an open-drain, bidirectional I/O port. Port a pins that have 1s written 
to them float and can be used as high-impedance 
inputs. Port a is also the multiplexed 


low-order address and data bus during accesses to external program and data 
memory. In this application, it uses strong internal pull-ups when emitting is. 


P1.o-P1.7 
40-44 
1-8 
1/0 
Port 1: Port 1 is an B-bit bidirectional 1/0 port with internal pull-ups. Port 1 pins that 


1-3 
have 1s written to them are pulled high by the internal pull-ups and can be used as 
inputs. As inputs, port 1 pins that are externally pulled low will source current because 
of the internal pull-ups. (See DC Electrical Characteristics: 
IILl. Additional functions 


include: 
7 
I/O 
SCL (P1.6): 12Cserial bus clock. 


B 
1/0 
SDA (Pi. 7): 12Cserial bus data. 


1-8 
I 
INT2-1NT9 (P1.o-P1.7): 
Additional external interrupts. 


P2.o-P2.7 
18-25 
21-2B 
1/0 
Port 2: Port 2 is an B-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that 
have 1s written to them are pulled high by the internal pull-ups and can be used as 
inputs. As inputs, port 2 pins that are externally being pulled low will source current 
because of the internal pull-ups. (See DC Electrical Characteristics: 
IILl. Port 2 emits 
the high-order address byte during fetches from external program memory and during 
accesses to external data memory that use 16-bit addresses (MOVX @DPTR). In this 
application, it uses strong internal pull-ups when emitting 1s. During accesses to 
external data memory that use B-bit addresses (MOV @Ri), port 2 emits the contents 
of the P2 special function register. 


P3.o-P3.7 
5,7-13 
10-17 
1/0 
Port 3: Port 3 is an B-bit bidirectional 1/0 port with internal pull-Ups. Port 3 pins that 
have 1s written to them are pulled high by the internal pull-ups and can be used as 
inputs. As inputs, port 3 pins that are externally being pulled low will source current 
because of the pull-ups. (See DC Electrical Characteristics: 
IILl. Port 3 also serves the 


special features of the BOC51 family, as listed below: 
B 
12 
I 
INTO (P3.2): External interrupt a 


9 
13 
I 
INTf (P3.3): External interrupt 1 


10 
14 
I 
TO (P3.4): Timer a external input 
11 
15 
I 
T1 (P3.5): Timer 1 external input 


12 
16 
0 
WR (P3.6): External data memory write strobe 


13 
17 
0 
AD (P3.7): External data memory read strobe 


RST 
4 
9 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets 
the device. An internal diffused resistor to Vss permits a power-on reset using only an 
external capacitor to Voo. 


ALE 
27 
30 
0 
Address 
Latch Enable: Output pulse for latching the low byte of the address during 
an access to external memory. In normal operation, ALE is emitted at a constant rate 
of 1/6 the oscillator frequency, and can be used for external timing or clocking. Note 
that one ALE pulse is skipped during each access to external data memory. 


l"S'EfJ 
26 
29 
0 
Program 
Store Enable: The read strobe to external program memory. When the 


device is executing code from the external program memory, l"S'EfJ 
is activated twice 
each machine cycle, except that two l"S'EfJ 
activations are skipped during each 
access to external data memory. l"S'EfJ 
is not activated during fetches from internal 


program memory. 


EA 
29 
31 
I 
External 
Access 
Enable: EA must be externally held low to enable the device to 


fetch code from external program memory locations OOOOHto OFFFH. If EA is held 
high, the device executes from internal program memory unless the program counter 
contains an address greater than OFFFH. 


XTAL1 
15 
19 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input for an external clock 


source. 


XTAL2 
14 
1B 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 
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SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer 


(2 bytes): 


DPH 
High byte 
83H 
OOH 
DPL 
Low byte 
82H 
DOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IPO'# 
Interrupt priority 0 
B8H 
- 
I 
- 
I 
PS1 
I 
- 
I 
PT1 
I 
PX1 
I 
PTO I 
PXO 
xxOOOOOOB 


FF 
FE 
FD 
FC 
FB 
FA 
F9 
F8 


IP1'# 
Interrupt priority 1 
F8H 
PX9 I PX8 I 
PX7 
I 
PX6 I 
PX5 
I 
PX4 
I 
PX3 
I 
PX2 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IENO'# 
Interrupt enable 0 
A8H 
EA 
I - 
I 
ES1 
I 
- 
I 
ET1 
I 
EX1 
I 
ETO 
I 
EXO 
OOH 


EF 
EE 
ED 
EC 
EB 
EA 
E9 
E8 


IEN1'# 
Interrupt enable 1 
E8H 
EX9 I 
EX8 I 
EX7 I 
EX6 
I 
EX5 
I 
EX4 
I 
EX3 
I 
EX2 
OOH 


C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 


IR01'# 
Interrupt requestflag 
COH 
109 I 
108 I 
107 
I 
106 
I 
105 
I 
104 
I 
103 
I 
102 
DOH 


IX1# 
Interrupt polarity 
E9H 
OOH 


PO' 
PortO 
80H 
87 
86 
85 
84 
83 
82 
81 
80 
FFH 


P1' 
Port 1 
90H 
97 
96 
95 
94 
93 
92 
91 
90 
FFH 


P2' 
Port 2 
AOH 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 
FFH 


P3' 
Port 3 
BOH 
B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 
FFH 


PCON 
Power control 
87H 
SMODI 
- 
I 
- 
I 
- 
I 
GF1 
I 
GFO I 
PD 
I 
IDL 
OxxxOOOOB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW' 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 
I 
RSO I 
ov 
I 
- 
I 
P 
OOH 


SlADR# 
Slave address 
DBH 
OOH 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 
SlCON'# 
Serial control 
D8H 
- 
I ENS1 I 
STA I STO I 
SI 
I 
AA 
I 
CR1 
I 
CRO 
xOOOOOOOB 


SlDAT# 
Serial data 
DAH 
OOH 
SlSTA# 
Serial status 
D9H 
11111000B 
SP 
Stack pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 
TCON' 
Timer/counter con- 
88H 
TF1 I 
TR1 I 
TFO I 
TRO I 
IE1 I 
IT1 I 


IEO I 


ITO 
OOH 
trol 


TMOD 
TImer/counter mode 
89H 
GATE I 
CIT I 
M1 
I 
MO 
I GATE I 
CIT 
I 
M1 
I 
MO 
OOH 
THO 
TImer 0 high byte 
8CH 
OOH 
TH1 
TImer 1 high byte 
8DH 
OOH 


TLO 
TImer 0 low byte 
8AH 
OOH 
TL1 
TImer 1 low byte 
8BH 
OOH 


Low voltage/low 
power single-chip 


8-bit microcontroller 
with 12C 


PORT OPTIONS 
The pins of port 1 (not P1.61SCL or 
P1.7/SDA), port 2, and port 3 may be 
individually configured with one of the 
following port options (see Figure 1): 


Option 1: Standard 
Port- 


quasi-bidirectional 
I/O with pull-up. 
The strong booster pull-up p1 is 
turned on for two oscillator periods 
after a O-t0-1 transition in the port 
latch. See Rgure 1(a). 


Option 2: Open Drain-quasi-bidirectional 
I/O with n-channel open drain 
output. Use as an output requires 
the connection of an external 
pull-up resistor. See Figure 1(b). 


Option 3: Push-Pull-output 
with drive 


capability in both polarities. Under 
this option, pins can only be used 
as outputs. See Figure 1(c). 


The definition of port options for port 0 is 
slightly different. 


Two cases have to be examined. First, 
accesses to external memory (lOA: = 0 or 
access above the built-in memory boundary), 
and second, I/O accesses. 


External Memory Accesses 
Option 1: True 0 and 1 are written as 
address to the external memory 
(strong pull-up is used). 


Option 2: An external pull-up resistor is 
needed for external accesses. 


Option 3: Not allowed for external memory 
accesses as the port can only be 
used as output. 


I/O Accesses 
Option 1: When writing a 1 to the port latch, 
the strong pull-up p1 will be on for 
two oscillator periods. No weak 
pull-up exists. Without an external 
pull-up, this option can be used as 
a high-impedance 
input. 


o~_--,lqN 


FROM 
PORT 
LATCH 
c!:J 


Option 2: Open drain-quasi-bidirectional 


I/O with n-channel open drain 
output. Use as an output requires 
the connection of an external 
pull-up resistor. See Figure 1(c). 


Option 3: 
Push-Pull-<>utput 
with drive 
capability in both polarities. Under 
this option, pins can only be used 
as outputs. 


Individual mask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending "SOor "R" 
to option 1, 2, or 3 above (e.g., 1S for a 
standard I/O to be set after RESET or 2R for 
an open-drain I/O to be reset after RESET. 


Option S: Set-after 
reset, this pin will be 


initialized High. 


Option R: Reset-after 
reset, this pin will be 


initialized Low. 


+5V 


STRONG 
PULL.UcP ~ 
Pl 


0·-------.1 
r-a 


FROM 
PORT 
LATCH 
c!J 
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POWER·DOWN 
MODE 


The instruction setting PCON.1 is the last 
executed prior to going into the power-down 
mode. In power-down mode, the oscillator is 
stopped. The contents of the the on-chip 
RAM and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and I'SEN are held low. 


In the power-down mode, VDD may be 
reduced to minimize power consumption. 
However, the supply voltage must not be 
reduced until the power-down mode is active, 
and must be restored before the hardware 
reset is applied and frees the oscillator. Reset 
must be held active until the oscillator has 
restarted and stabilized. 


From the power-down mode the part can be 
restarted by using either the wake-up mode 
or the Reset Mode. 


Wake-Up 
Mode 
Setting both PD and IDL bits in the PCON 
register forces the controller into the 
power-down mode. Setting both bits enable 
the controller to be woken-up from the 
power-down mode via either an enabled 
extemal interruptlNT2-INT9, 
or a reset 
operation. 


An external interrupt for an enabled interrupt 
INT2-INT9 
at port 1 starts both the oscillator 


and the delay counter. To ensure that the 
oscillator is stable before the controller 
restarts, the internal clock will remain inactive 
for 1536 oscillator periods after the interrupt 


is detected. This is controlled by the on-chip 
delay counter. After this, the PD flag will be 
reset, the controller is now in the Idle mode 
and the interrupt will be handled in the normal 
way. 


Reset Mode 
Selling only the PD bit in the PCON register 
again forces the controller into the 
power-down mode, but in this case it can 
only be restored to normal operation with a 
direct reset operation. 


To restore normal operation, the RESET pin 
has to be kept High for a minimum of 24 
oscillator periods. The on-chip delay counter 
is inactive. The user has to insure that the 
oscillator is stable before any operation is 
attempted. Figure 2 illustrates the two 
possibilities for wake-up. 


IDLE MODE 
The instruction that sets PCON.a is the last 
instruction executed before going into idle 
mode. In idle mode, the internal clock is 
stopped for the CPU, but not for the interrupt, 
timer, and serial port functions. The CPU 
status is preserved along with the stack 
pointer, program counter, program status 
word and accumulator. The RAM and all 
other registers maintain their data during idle 
mode. The port pins retain the logical states 
they held at idle mode activation. ALE and 
I'SEN hold at the logic high level. 


There are two methods used to terminate the 
idle mode. Activation of any interrupt will 
cause PCON to be cleared by hardware; 
terminating idle mode. The interrupt is 
serviced, and following the instruction RETI, 
the next instruction to be executed will be the 
one following the instruction that put the 
device in the the idle mode. 


Flag bits GFa and GF1 can be used to 
determine whether the interrupt was received 
during normal execution or idle mode. For 
example, the instruction that writes to 
PCON.a can also set or clear one or both flag 
bits. When idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 


The second method of terminating the idle 
mode is with an extemal hardware reset. 
Since the oscillator is still running, the 
hardware reset is requi red to be active for 
only two machine cycles to complete the 
reset operation. Reset redefines all SFRs, 
but does not affect the state of the on-chip 
RAM. 


The status of the extemal pins during idle and 
power-down mode is shown in Table 2. If the 
power-down mode is activated while 
accessing extemal memory, port data held in 
the special function register P2 is restored to 
port 2. If the data is a logic 1, the port pin is 
held high during the power-down mode. 


MODE 
PROGRAM MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Floating 
Data 
Address 
Data 


Power-down 
Internal 
a 
a 
Data 
Data 
Data 
Data 


Power-down 
External 
a 
a 
Floating 
Data 
Data 
Data 


·1_- 
____ 
n__ 


~i==>24PERIODS 
~== 
DELAYCOUNTER 


1536 PERIODS 


Figure 2. Wake-Up Operation 
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I SLAVE 
ADDRESS 


SlADR 


12C-BUS SERIAL 
I/O 
The serial port supports the twin line 12C-bus. 
The 12C-bus consists of a data line (SDA) 
and a clock line (SCl). 
These lines also 


function as 1/0 port lines Pl.7 and Pl.6 
respectively. The system is unique because 
data transport, clock generation, address 
recognition and bus control arbitration are all 
controlled by hardware. The 12C-bus serial 
1/0 has complete autonomy in byte handling 
and operates in four modes: 
- Master transmitter 


- 
Master receiver 


- Slave transmitter 


- Slave receiver 


Assert acknowledge bit. When 
STO 
the AA flag is set, an 
acknowledge (low level to SDA) 
will be returned during the 
acknowledge clock pulse on the 
SCl line when: 
- 
own slave address is received 
- 
general call address is 
received (SlADR.O = 1) 


- 
data byte received while 
device is programmed as 
master 


- 
data byte received while 
device is selected slave 


With AA = 0, no acknowledge will 
be returned. ConsequenUy, no 
interrupt is requested when the 
"own slave address" or general 
call address is received. 
STA 


SIO interrupt flag. When the SI 
flag is set, an acknOWledge is 
returned after anyone 
of the 
following conditions: 
- 
a start condition is generated 
in master mode 
- 
own slave address received 
during AA = 1 
ENSl 
- 
general call address received 
while SlADR.O and AA = 1 
- 
data byte received or 
transmitted in master mode 
(even if arbitration is lost) 
- 
data byte received or 
transmitted as selected slave 


- 
stop or start condition received 
as selected slave receiver or 
transmitter 


These functions are controlled by the SlCON 
register. SlSTA 
is the status register whose 
contents may also be used as a vector to 
various service routines. Sl DAT is the data 
shift register and Sl ADR the slave address 
register. Slave address recognition is 
performed by hardware. 


SlCON 
(DSH) 
Serial control 
regiater 


CRO, CR1, CR2 
These three bits determine the 
serial clock frequency when SIO 
is in a master mode. 


STOP flag. With this bit set while 
in master mode, a STOP 
condition is generated. When a 
STOP condition is detected on 
the bus, the SIO hardware clears 
the STO flag. In the slave mode, 
the STO flag may also be set to 
recover from an error condition. 
In this case, no STOP condition 
is transmitted to the 
12C-bus. 


However, the SIO hardware 
behaves as if a STOP condilion 
has been received and releases 
SDA and SCL. The SIO then 
switches to the "not addressed" 
slave receiver mode. The STO 
flag is automatically cleared by 
hardware. 


START flag. When the STA bit is 
set in slave mode, the SIO 
hardware checks the status of 
the 
12C-bus and generates a 


START condition if the bus is 
free. If STA is set while the SIO 
is in master mode, SIO transmits 
a repeated START condition. 


When ENSl = 0, the SIO is 
disabled. The SDA and Sel 
outputs are in a high-impedance 
state; Pl.6 and Pl.7 function as 
open drain ports. 


When ENSl = 1, the SIO is 
enabled. The Pl.6 and Pl.7 port 
latches must be set to logic 1. 
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SlSTA 
(D9H) 
Status register 


Sl STA is an 8-bit read-only special function 
register. SlSTA.3-S1 
STA.7 hold a status 


code. SlSTA.D-S1STA.2 
are held LOW. The 
contents of Sl STA may be used as a vector 
to a service routine. This optimizes response 
time of the software and consequently that of 
the 12C-bus. 


The following is a list of the status codes: 


Abbreviations 
used: 
SLA: 
7-bit slave address 
R: 
Read bit 
W: 
Write bit 
ACK: 
Acknowledgement 
(acknowledge 
bit = 0) 
ACK: 
Not Acknowledge (acknowledge 
bit = 1) 
8-bit byte to or from the 12C-bus 
Master 
Slave 
Transmitter 
Receiver 


DATA: 
MST: 


SLY: 
TRX: 
REC: 


MSTfTRX mode 
SlSTA value 


08H - 
a START condition has been 
transmitted 
10H - 
a repeated START condition has 
been transmitted 
18H - 
SLA and W have been transmitted, 
ACK received 
20H - 
SLA and W have been transmitted, 
ACK received 
28H - 
DATA of SlOAT has been 
transmitted, ACK received 
30H - 
DATA of Sl DAT has been 
transmitted, ACK received 


38H - 
Arbitration lost in SLA, RIW or DATA 


MSTIREC mode 
SlSTAvalue 


08H - 
a START condition has been 
transmitted 
10H - 
a repeated START condition has 
been transmitted 
38H - 
Arbitration lost while returning ACK 


40H - 
SLA and R have been transmitted, 
ACK received 
48H - 
SLA and R have been transmitted, 
ACK received 
50H - 
DATA has been received, ACK 
retumed 
58H - 
DATA has been received, ACK 
retumed 


SLV/REC mode 
SlSTA value 


60H - 
Own SLA and W have been received, 
ACK returned 
68H - 
Arbitration lost in SLA, RIW as MST. 
Own SLA and W have been received, 
ACK retumed 


70H - 
General CALL has been received, 
ACK returned 


78H - 
Arbitration lost in SLA, RIW as MST. 
General CALL has been received 
80H - 
Previously addressed with own SLA. 
DATA byte received, ACK returned 
88H - 
Previously addressed with own SLA. 
DATA byte received, ACK returned 
90H - 
Previously addressed with general 
CALL. DATA byte has been received, 
ACK has been returned 


98H - 
Previously addressed with general 
CALL. DATA byte has been received, 
ACK has been returned 
AOH - 
A STOP condition or repeated START 
condition has been received while still 
addressed as SLVlREC or SLVfTRX 


SLVfTRX mode 
SlSTA value 


A8H - 
Own SLA and R have been received, 
ACKretumed 


BOH- 
Arbitration lost in SLA, RIW as MST. 
Own SLA and R have been received, 
ACK returned 


B8H - 
DATA byte has been transmitted, 
ACK received 


COH- 
DATA byte has been transmitted, 
ACK received 


C8H - 
Last DATA byte has been transmitted 
(AA = logic 0), ACK received 


Miscellaneous 
SlSTA value 


OOH- 
Bus error during MST mode or 
selected SLY mode, due to an 
erroneous START or STOP condition 
F8H - 
No relevant state interruption 
available, Sl = o. 


Data shift register 
SlOAT 


This register contains the serial data to be 
transmitted or data that has just been 
received. Bit 7 is transmitted or received first, 
i.e., data is shifted from left to right. 


SlADR(DBH) 
Slave Address 
Register 


SlADR.O, GC: 0 = general CALL address is 


not recognized 
1 = general CALL address is 
recognized 


SlADR.7-1: 
own slave address 


This 8-bit register may be loaded with the 
7-bit slave address, to which the controller 
will respond when programmed as a slave 
receiver/transmitter. 
The LSB bit (GC) is used 


to determine whether the general CALL 
address is recognized. 


BIT RATE (kHz) at fose 


CR2 
CRl 
CRO 
fosc 
DIVIDED BY 
3.58MHz 
6MHz 
12MHz 


0 
0 
0 
256 
14.0 
23.4 
46.9 
0 
0 
1 
224 
16.0 
26.8 
53.6 
0 
1 
0 
192 
18.6 
31.3 
62.5 
0 
1 
1 
160 
22.4 
37.5 
75.0 
1 
0 
0 
960 
3.73 
6.25 
12.5 
1 
0 
1 
120 
29.8 
50 
100 
1 
1 
0 
60 
59.7 
100 
- 
1 
1 
1 
not allowed 
- 
- 
- 
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INTERRUPT SYSTEM 
External events and the real-tirne-driven 
on-chip peripherals require service by the 
CPU asynchronous to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority level, nested interrupt system is 
provided. The BXCL410 acknowledges 
interrupt requests from thirteen sources, as 
follows: 


- 
INTO and INT1 


- Timer 0 and timer 1 


- 12C·busserial I/O interrupt 


- INT2 to INT9 (port 1) 


Each interrupt vectors to a separate location 
in program memory for its service routine. 
Each source can be individually enabled or 
disabled by corresponding 
bns in the internal 


enable registers (IENO, IEN1) The priority 
level is selected via the interrupt priority 
register (IPO, IP1). All enabled sources can 
be globally disabled or enabled. 


External Interrupts INT2-INT9 
Port 1 lines serve an alternative purpose as 
eight additional interrupts INT2-INT9. 
When 


enabled, each of these lines can "wake-up" 
the device from power-down mode. Using the 
IX1 register, each pin may be initialized to 
either active high or low. IRQ1 is the interrupt 
request flag register. Each flag, if the interrupt 
is enabled, will be set on an interrupt request 
but it must be cleared by software. 


IENO(A8H) 
Interrupt 
enable register 


76543210 


~ 


Bit 
Symbol 
Function 
IENO.? 
EEA 
General enable/disable 
control 
o ~ no interrupt is enabled 
1 ~ any individually enabled 


interrupt will be 
accepted 
(unused) 
Enable 12CSIO interrupt 
(unused) 
Enable Timer T1 interrupt 
Enable external interrupt 1 
Enable Timer TO interrupt 
Enable external interrupt 0 


IENO.6 
IENO.5 
IENO.4 
IENO.3 
IENO.2 
IENO.1 
IENO.O 


IEN1 (E8H) 
Interrupt 
enable register 


76543210 


~ 


Bit 
Symbol 
Function 
IEN1.? 
EX9 
Enable external interrupt 9 
IEN1.6 
EXB 
Enable external interrupt 8 
IEN1.5 
EX? 
Enable external interrupt? 
IEN 1.4 
EX6 
Enable external interrupt 6 
IEN1.3 
EX5 
Enable external interrupt 5 
IEN1.2 
EX4 
Enable external interrupt 4 


IEN1.1 
EX3 
Enable external interrupt 3 
IEN1.0 
EX2 
Enable external interrupt 2 


where 0 ~ interrupt disabled 
1 ~ interrupt enabled 


IPO(B8H) 
Interrupt 
priority 
register 


76543210 


~ 


Bit 
Symbol 
Function 
IPO.? 
(unused) 


IPO.6 
(unused) 


IPO.5 
PS1 
12CSIO interrupt 
priority level 
(unused) 
Timer 1 interrupt 
prioity level 
External interrupt 1 
priority level 
PTO 
Timer 0 interrupt 
prioity level 
PXO 
External interrupt 0 
priority level 


IP1 (F8H) 
Interrupt 
priority 
register 


76543210 


~ 


Bit 
Symbol 
Function 


IP1.? 
PX9 
External interrupt 9 priority 
level 
IP1.6 
PX8 
External interrupt B priority 
level 
IP1.5 
PX? 
External interrupt? 
priority 
level 


IP1.4 
PX6 
External interrupt 6 priority 
level 


IP1.3 
PX5 
External interrupt 5 priority 
level 
IP1.2 
PX4 
External interrupt 4 priority 
level 
IP1.1 
PX3 
External interrupt 3 priority 
level 


IP1.0 
PX2 
Extemal interrupt 2 priority 
level 


Interrupt priority is as follows: 


0- 
low priority 
1- 
high priority 


IX1 (E9H) 
Interrupt 
polarity 
register 


6 
5 
4 
3 


Bit 
Symbol 
Function 


IX1.? 
IL9 
External interrupt 9 polarity 
level 


IX1.6 
ILB 
External interrupt 8 polarity 
level 


IX1.5 
IL? 
External interrupt? 
polarity 
level 


IX1.4 
IL6 
External interrupt 6 polarity 
level 


IX1.3 
IL5 
External Interrupt 5 polarity 
level 


IX1.2 
IL4 
External interrupt 4 polarity 
level 
IX1.1 
IL3 
External interrupt 3 polarity 
level 


IX1.0 
IL2 
External interrupt 2 polarity 
level 


Writing either a "1" or "0" to an IX1 register bit 
sets the priority level of the corresponding 
external interrupt to active High or Low, 
respectively. 
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IRQ1 (COH) 
Interrupt 
request flag register 


76543210 


~ 


Bit 
Symbol 
Function 
IR01.7 
109 
External interrupt 9 request 
flag 
IR01.6 
108 
External interrupt 8 request 
flag 


IR01.5 
107 
EX1ernalinterrupt 7 request 
flag 
IR01.4 
106 
External interrupt 6 request 
flag 


IR01.3 
105 
EX1ernaiinterrupt 5 request 
flag 
IR01.2 
104 
External interrupt 4 request 
flag 
IR01.1 
103 
EX1ernalinterrupt 3 request 
flag 
IR01.0 
102 
External interrupt 2 request 
flag 


Priority 
Vector 


XO (highest) 
0003H 
S1 
002BH 


X5 
0053H 
TO 
OOOBH 


X6 
005BH 


X1 
0013H 


X2 
003BH 


X7 
0063H 
T1 
001BH 


X3 
0043H 


X8 
006BH 


X4 
004BH 
X9 (lowest) 
0073H 


Source 
External 0 
12Cport 
EX1ernal5 
TImer 0 
External 6 
External 1 
EX1ernal2 
EX1emal7 
TImer 1 
EX1ernal3 
EX1emal8 
EX1ernal4 
External 9 


Register 
Function 
IX1 
Interrupt polarity register 
IR01 
Interrupt request flag 
register 
Interrupt enable register 
Interrupt enable register 
(INT2-INT9) 
Interrupt priority register 
Interrupt priority register 
(INT2-INT9) 


SFR 
Address 
E9H 
COH 


OSCILLATOR CIRCUITRY 
The on-chip oscillator circuitry of the 
8XCL410 is a single stage inverting amplifier 
biased by an internal feedback resistor. (See 
Figure 4.) The oscillator can be operated with 
a quartz crystal, ceramic resonator, LC 
network or RC network. See Figure 5 for 
different configurations. When ordering parts, 
it is necessary to specify an oscillator option. 
The options are: RC when an RC network will 
be used, OSC 2 for oscillator operation below 
4MHz, OSC 3 for oscillator operation from 
4MHz to 10MHz, OSC 4 for oscillator 
operation above 10MHz, and 32kHz if 32kHz 
to 400kHz operation is desired. 


For oJ}9ration as a standard quartz oscillator, 
no eX1emal components are needed (except 
at 32KHz). When using external capacitors, 
ceramic resonators, coils, and RC networks 
to drive the oscillator, five different 
configurations are supported (see Figure 5 
and Table 4). 


In the power-down mode the oscillator is 
stopped and XTAL 1 is pulled high. The 
oscillator inverter is switched off to ensure no 
current will flow. To drive the device with an 
eX1ernalclock source, apply the external 
clock signal to XTAL 1, and leave XTAL2 to 
float, as shown in Figure 5(f). There are no 
requirements on the duty cycle of the 
eX1ernalclock, since the input to the internal 
clocking circuitry is split using a flip-flop. 


The following options are provided for 
optimum on-Chip oscillator performance. 
Please state option when ordering: 


Osc.1: 
Figure 5(c). An option for 32kHz 
clock applications with eX1emal 
trimmer for frequency adjustment. 


A 4.7MQ bias resistor must be 
connected in parallel with the 
crystal. 


Osc.2: 
Figure 5(e). An option for low-power, 
low-frequency operations using LC 
components or quartz. 


Osc.3: 
An option for medium frequency 
range applications. 


Osc.4: 
An option for high frequency range 
applications. 


RC: 
Figure 5(g). An option for an RC 
oscillator. 


The equivalent circuit data of the internal 
oscillator compares with that of matched 
crystals. 


The eX1ernally adjustable RC oscillator has a 
frequency range from 100kHz to 500kHz. 
(See Figure 7.) 


Power-on Reset 
The 8XCL410 contains on-chip circuitry 
which switch the port pins to the 
customer-defined 
logic level as soon as Voo 
exceeds 1.3V if the mask option "ON" has 
been chosen (see Figures 8 and 9). As soon 
as the minimum supply voltage is reached, 
the oscillator will start up. However, to ensure 
that the oscillator is stable before the 
controller starts, the clock signals are gated 
away from the CPU for a further 1536 
oscillator periods. 


An hysteresis of approximately 
50mV at a 


typical power-on switching level of 1.3V will 
ensure correct operation. 


The on-chip power-{)n reset circuitry can also 
be switched off via the mask option "OFF". 
This option reduces the power-down current 
to typically 800~ 
and can be chosen if 


eX1ernalreset circuitry is used. For 
applications not requiring the internal reset, 
option "OFF" should be chosen. 


An automatic reset can be obtained at 
power-on by connecting the RST pin to Voo 
via a 101LFcapacitor. At power-on, the 
voltage on the RST pin is equal to Voo minus 
the capacitor voltage, and decreases from 
Voo as the capacitor discharges through the 
internal resistor RRSTto ground. The larger 
the capacitor, the more slowly VRST 
decreases. 
VRST 
must rernain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The time 
required is the oscillator start-up time, plus 2 
machine cycles. 


P80CL410: 
ROM-less VERSION OF P83CL410 
The P80CL410 is a low voltage ROM less 
version of the P83CL410. The mask options 
on the P80CL410 are fixed as follows: 


• Port Options: 


All ports except P161P17 have option "1S", 
i.e., standard port, High after reset. The 
ports P16/P17 have option "2S", i.e., open 
drain, High after reset. 


• Oscillator option: OSC3 


• Power-on Reset option: OFF 
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C11T 


CJ 


T 
C21 


CJ 


I 
I 
(d) Configuration for 
+ 


Ceramic Resonator + 
-------------- 
-------------- 
-------------- 


XTALHXTAL2 
I 
~ 
I 
XTALWXTAL2 
I 
XTAL 
1 
XTAL2 
I 


J; 
J;! 
~! 
",,,J 


(e) Configuration for 
-L1 
(f) External Clock 
-L1 
(g) RC Network 
LC Network 
Configuration 
Configuration 
-------------- 
-------------- 
-------------- 
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C1 EXT. 
C2 EXT. 
MAXIMUM RESONATOR 


RESONATOR 
f(MHz) 
OPTION 
MIN 
MAX 
MIN 
MAX 
SERIES RESISTANCE 


Quartz 
0.032 
Osc.1 
5 
15 
0 
0 
15k01 


Quartz 
1.0 
Osc.2 
0 
30 
0 
30 
6000 


Quartz 
3.58 
Osc.2 
0 
15 
0 
15 
1000 


Quartz 
4.0 
Osc.2 
0 
20 
0 
20 
750 


Quartz 
6.0 
Osc.3 
0 
10 
0 
10 
600 


Quartz 
10.0 
Osc.4 
0 
15 
0 
15 
600 


Quartz 
12.0 
Osc.4 
0 
10 
0 
10 
400 


Quartz 
16.0 
Osc.4 
0 
15 
0 
15 
200 


PXE 
0.455 
Osc.2 
40 
50 
40 
50 
100 


PXE 
1.0 
Osc.2 
15 
50 
15 
50 
1000 


PXE 
3.58 
Osc.2 
0 
40 
0 
40 
100 


PXE 
4.0 
Osc.2 
0 
40 
0 
40 
100 


PXE 
6.0 
Osc.2 
0 
20 
0 
20 
50 


PXE 
10.0 
Osc.3 
0 
15 
0 
15 
60 


PXE 
12.0 
Osc.4 
10 
40 
10 
40 
60 


LC 
Osc.2 
20 
90 
20 
90 
10JlH; 
10 
100JlH; 
50 
1mH; 
750 


NOTE: 
1. 32kHz quartz crystals with a series resistance higher than 15kn will reduce the guaranteed supply voltage range to 2.5 to 3.5V. 


PARAMETER 
OPTION 
SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
UNIT 


Transconductance 
Osc.1 
gm 
T; 
+25°C; Voo; 
4.5V 
- 
15 
- 
JlS 


Osc.2 
gm 
T ; +25°C; Voo ; 4.5V 
200 
600 
1000 
JlS 


Osc.3 
gm 
T ; +25°C; Voo ; 4.5V 
400 
1500 
4000 
Jls 


Osc.4 
gm 
T; 
+25°C; Voo; 
4.5V 
1000 
4000 
10000 
JlS 


Input capacitance 
Osc.1 
c1j 
- 
3.0 
- 
pF 
Osc.2 
c1j 
- 
8.0 
- 
pF 
Osc.3 
c1j 
- 
8.0 
- 
pF 
Osc.4 
C1j 
- 
8.0 
- 
pF 


Output capacitance 
Osc.1 
c2j 
- 
23.0 
- 
pF 


Osc.2 
c2; 
- 
8.0 
- 
pF 
Osc.3 
C2i 
- 
8.0 
- 
pF 


Osc.4 
C2i 
- 
8.0 
- 
pF 


Output resistance 
Osc.1 
R2 
- 
3800 
- 
kO 


Osc.2 
R2 
- 
65 
- 
kO 


Osc.3 
R2 
- 
18 
- 
kCl 


Osc.4 
R2 
- 
5.0 
- 
kO 
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Figure 7. 
Frequency as a Function of RC 
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PARAMETER 
RATING 
UNIT 


Supply voltage 
--<J.5to +6.5 
V 


All input voltages 
--<J.5to Voo +0.5 
V 


DC current into any input or output 
5 
rnA 


Total power dissipation 
300 
mW 


Storage temperature range 
-65 to +150 
°C 


Operating ambient temperature range 
-40 to +85 
°C 


Operating junction temperature 
125 
°C 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL 
CHARACTERISTICS 
T 
b - -40°C to +85°C 
vss = ov 
am - 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VOO 
Supply voltage 
fCLK(see Figure 13) 
1.8 
6.0 
V 


RAM retention voltage in power-down mode 
1.0 
- 
V 


100 
Power supply current: 
Operating1 


OSC 1 option 
fCLK= 32kHz, V00 = 1.8V, Tamb= +25°C 
- 
50 
lJA 


OSC 2 option 
fCLK= 3.58MHz, VOO= 3V 
- 
2.5 
mA 


OSC 2 option 
fCLK= 10MHz, VOO= 5V 
- 
14 
mA 
OSC 3 option 
fCLK= 12MHz, VOO= 5V 
- 
16 
mA 
OSC40ption 
fCLK= 12MHz, Voo = 5V 
- 
20 
mA 


Idle mode2 


OSC 1 option 
fCLK= 32kHz, Voo = 1.8V, Tamb= +25°C 
- 
25 
lJA 


OSC 2 option 
fCLK= 3.58MHz, Voo = 3V 
- 
1.0 
mA 
OSC 2 option 
fCLK= 10MHz, Voo = 5V 
- 
5.0 
mA 
OSC 3 option 
fCLK= 12MHz, Voo = 5V 
- 
7.0 
mA 
OSC40ption 
fCLK= 12MHz, Voo = 5V 
- 
8.5 
mA 


Power-down mode3 
Voo = 1.8V, Tamb= +25°C 
- 
10 
lJA 


VIL 
Input low voltage 
Vss 
0.3Voo 
V 


VIH 
Input high voltage 
O·7Voo 
Voo 
V 


IOL 
Output sink current, except SDA, SCL 
Voo = 5V, VOL = 0.4V 
1.6 
mA 


Voo = 2.5V, VOL= OAV 
0.7 
mA 


lOll 
Output sink current, SDA, SCL 
Voo = 5V, VOL= OAV 
3.0 
mA 


IOH 
Output source current (push-pull options only) 
Voo = 5V, VOH= Voo - 0.4V 
1.6 
mA 


Voo = 2.5V, VOH= Voo - OAV 
0.7 
mA 


IlL 
Logical 0 input current, ports 1,2, 3 
Voo = 5V,VIN = OAV 
-100 
lJA 


Voo = 2.5V,VIN = OAV 
-50 
lJA 


ITL 
Logical l-to-O transition current, ports 1, 2, 3 
Voo = 5V, VIN = Vool2 
-1.0 
mA 


Voo = 2.5V, VIN = Vool2 
-500 
lJA 


III 
Input leakage current, port 0, EJ\ 
Vss < VI < Voo 
±10 
lJA 


RRST 
Internal reset pUll-down resistor 
10 
200 
kQ 


NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t, = tf = 10ns; V1L= Vss, VIH = Voo; XTAl2 
not connected; EJ\ = RST = Port a = Voo; all open drain outputs connected to Vss. 
2. The idle supply current is measured with all output pins disconnected; XTAL 1 driven with t,.= tf = 10ns; VIL = Vss, VIH = Voo; XTAl2 not 
connected; EJ\ = Port a = Voo; RST = Vss; all open drain outputs connected to Vss. 
3. 
The power-down current is measured with all output pins disconnected; XTAL 1 not connected; EJ\ = port a = Voo; RST = Vss; all open-drain 
outputs connected to Vss. 
4. The RC-oscillator is not implemented in this version. 
5. 
Circuits with "power-on reser' option "OFF" are tested at VOOMIN= 1.8V, with option "ON" {typically 1.3V} are tested at VOOMIN= 2.3V. 
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AC ELECTRICAL 
CHARACTERISTICS 


T 
b = -40°C to +85°C 
vss = OV1, 2 
am 


12MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


Program Memory 


1ltcLCL 
Oscillator frequency 
0 
20 
MHz 


ILL 
10 
ALE pulse width 
127 
2tcLCL-40 
ns 


tAL 
10 
Address valid to ALE low 
43 
leLCL-40 
ns 


!LA 
10 
Address hold after ALE low 
48 
leLCL-35 
ns 


ILlv 
10 
ALE low to valid instruction in 
233 
4leLCL-100 
ns 


ILc 
10 
ALE low to J5SE1iIlow 
58 
leLCL-25 
ns 


lec 
10 
J5SE1iIpulse width 
215 
3leLCL-35 
ns 


lelV 
10 
J5SE1iIlow to valid instruction in 
125 
3leLCL-125 
ns 


lei 
10 
Input instruction hold after J5SE1iI 
0 
0 
ns 


lelF 
10 
Input instruction float after J5SE1iI 
63 
tCLCL-20 
ns 


tAVI 
10 
Address to valid instruction in 
302 
5leLCL-115 
ns 


tAFC 
10 
J5SE1iIlow to address float 
0 
0 
ns 


Data Memory 


tRR 
11 
RU pulse width 
400 
6leLCL-100 
ns 


tww 
12 
WF! pulse width 
400 
6leLCL-100 
ns 


!LA 
11,12 
Address hold time after ALE 
48 
- 
leLCL-35 
- 
ns 


tRO 
11 
RU low to valid data in 
250 
5leLCL-165 
ns 


tOFR 
11 
Data float after RU 
97 
2leLCL-70 
ns 


ILo 
11 
ALE low to valid data in 
517 
BleLCL-150 
ns 


tAD 
11 
Address to valid data in 
585 
9leLCL-165 
ns 


ILw 
11,12 
ALE low to RU or WF! low 
200 
300 
3leLCL-50 
3leLCL+50 
ns 


tAW 
11,12 
Address valid to WF! low or RU low 
203 
4leLCL-130 
ns 


towx 
12 
Data valid to WF! transition 
23 
leLCL-60 
ns 


tow 
11 
Data valid to WF! 
433 
- 
7leLCL-150 
- 
ns 


two 
12 
Data hold after WF! 
33 
leLCL-50 
ns 


tAFR 
11 
RU low to address float3 
12 
12 
ns 


tWHLH 
11,12 
RU or WF! high to ALE high 
43 
123 
leLCL-40 
leLCL+40 
ns 
NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and J5SE1iI= 50pF, load capacitance for all other outputs = 40pF. 
3. 
Interfacing the 8XCL410 to devices with float time up to 75ns is permitted. This limited bus connection will not cause damage to port 0 
drivers. 


Low voltage/low 
power single-chip 
a-bit microcontroller 
with 12C 


Low voltage/low power single-chip 
a-bit microcontroller with 12c 


____-'x:=: 
:::x'- 
_ 


Low voltage/low 
power single-chip 


8-bit microcontroller 
with 12C 


,/ 


" 


flOLE 


(mA) 


3 


VOO(V) 


Figure 17. 
Typical Idle Current 
as a Function 
of 


Frequency 
and Voo• Tomb= 25°C 


Voo(V) 


Figure 16. 
Typical Operating 
Current 
as a Function 
of 


Frequency 
and Voo, Tomb= 25°C 


J 
V 
/ 
V 
/' 


----- 


3 


Voo (V) 


Figure 18. 
Typical 
Power-Down 
Current 
Vs. 


Frequency 
and Voo. Tomb= 25°C 


Low voltage/low power single-chip 
8-bit microcontroller with 12C 


PIGGYBACK 
SPECIFICATION 


The differences between the masked version 
and the piggyback are described herein. 


General 
Description 
The P85CLOOOHFZis a piggy-back version 
with 256 bytes of RAM used for emulation of 
the P83CL410 microcontroller. The 
P85CLOOOHFZis manufactured in an 
advanced CMOS technology. The instruction 
set of the P85CLOOOHFZis based on that of 
the 8051. The device has low power 
consumption and a wide supply voltage 
range. The P85CLOOOHFZhas two software 
selectable modes of reduced activity for 
further power reduction: Idle and 
Power-down. For timing and ACIDC 
characteristics, 
please refer to the P83CL410 


specifications. 


Features 


• Full static 80C51 CPU 


• 8-bit CPU, RAM, I/O in a single 
40-lead DIP 


• Socket for up to 16k extemal EPROM 


• 256 bytes RAM, expandable extemally to 
64K bytes 


• Four 8-bit ports, 32 I/O lines 


• Two 16-bit timer/event counters 


• Extemal memory expandable up to 128K, 
extemal ROM up to 64K and/or RAM up to 
64K 


• Thirteen source, thirteen vector interrupt 


structure with two priority levels 


• Full duplex serial port (UART) 


• 12C-bus interface for serial transfer on two 
lines 


STANDARD 
PIGGYBACK 
Types:P85CLOOOHFZ 
Emulation for: P83CL410, P80CL51 


List of differences between masked microcontroller and corresponding piggyback: 


• Enhanced architecture with: 


- 
non-page oriented instructions 


- 
direct addressing 


- 
four eight byte RAM register banks 


- 
stack depth up to 128 bytes 


- 
multiply, divide, subtract and compare 
instructions 


• STOP and IDLE instructions 


• Wake-up via extemal interrupts at port 1 


• Single supply voltage of 1.8V to 6.0V 


• On-chip oscillator (option: oscillator 4) 


• Very low current consumption 


• Operating temperature range: 


-40 to +85°C 


PARAMETER 
MASKED CONTROLLER 
PIGGYBACK 


RAM size 
128 
256 


ROM size 
4k 
EPROM size dependent (max 16k) 


Port option 
1,2,3 
1 


Oscillator option 
Osc. 1,2,3,4, 
RC 
Osc.4 


Mech. dimensions 
Standard Dual In-Line, Small Ouijine 
SeeSOT158A 


Current cons. 
100 
100 (OSC. 4) + IEPROM 


Voltage range 
full 
full, limited by EPROM 


ESD 
specification 
not tested (different package) 


Purchase of Philips 12Ccomponents conveys a license under the Philips' 12Cpatent 
to use the components in the 12C system provided the system conforms to the 
12Cspecifications defined by Philips. This specification can be ordered using the 
code 9398 393 40011. 


DESCRIPTION 
The Philips 8XC451 is an I/O expanded single-chip microcontroller 
fabricated with Philips high-density CMOS technology. Philips 
epitaxial substrate minimizes latch-up sensitivity. 


The 8XC451 (includes the 80C451, 87C451 and 83C451) is a 
functional extension of the 87C51 microcontroller with three 
additional I/O ports and four I/O control lines for a total of 68 pins. 
Four control lines associated with port 6 facilitate high-speed 
asynchronous I/O functions. 


The 8XC451 includes a 4k x 8 ROM (83C451) EPROM (87C451), a 
128 x 8 RAM, 56110, two 16-bit timer/counters, a five source, two 
priority level, nested interrupt structure, a serial I/O port for either a 
full duplex UART, I/O expansion, or multi-processor 
communications, 
and on-chip oscillator and clock circuits. The 
80C451 ROMless version includes all of the 83C451 feafures except 
the on-board 4k x 8 ROM. 


The 87C451 has 4k of EPROM on-chip as program memory and is 
otherwise identical to the 83C451. 


The 8XC451 has two software selectable modes of reduced activity 
for further power reduction; idle mode and power-down mode. Idle 
mode freezes the CPU while allowing the RAM, timers, serial port, 
and interrupt system to continue functioning. Power-down mode 
freezes the oscillator, causing all other chip functions to be 
inoperative while maintaining the RAM contents. 


• Seven 8-bill/0 
ports 


• Port 6 features: 


- 
Eight data pins 


- 
Four control pins 


- 
Direct MPU bus interlace 


- 
Parallel printer interlace 


• On the microcontroller: 


- 
4kx8 
ROM (83C451) 
4kx8 
EPROM (87C451) 
ROMless version (80C451) 


- 
128x8RAM 


- Two 16-bitcounterltimers 


- Two extemal interrupts 


• External memory addressing capability 


- 
64k ROM and 64k RAM 


• Low power consumption: 


- 
Normal operation: less than 24mA at 5V, 12MHz 


- 
Idle mode 


- 
Power-down mode 


26 
44 


27 
43 


Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
~PP 
24 
P4.2 
47 
P5.3 


2 
P2.OIAB 
25 
P4.1 
48 
P5.4 


3 
P2.1/A9 
26 
P4.0 
49 
P5.5 


4 
P2.2/Al0 
27 
Pl.D 
50 
P5.6 


5 
P2.31Al1 
28 
Pl.1 
51 
P5.7 


6 
P2.41A12 
29 
Pl.2 
52 
XTAl2 


7 
P2.5IA13 
30 
Pl.3 
53 
XTAL1 


8 
P2.61Al' 
31 
P1.4 
54 
voo 


9 
P2.7/A15 
32 
P1.5 
55 
ODS 


10 
PO.7/A07 
33 
P1.6 
56 
10S 


" 


PO.61A06 
34 
P1.7 
57 
BFLAG 


12 
PO.5/A05 
35 
RST 
58 
AFLAG 


13 
PO.4/AD4 
36 
P3.OIAxD 
59 
P6.0 


14 
PO.31A03 
37 
P3.1fTxD 
60 
P6.1 


15 
PO.21A02 
38 
P3.2JIIml 
61 
PB.2 


16 
PO.l/ADl 
39 
P3.3III'ITT 
62 
P6.3 


17 
PO.OIADO 
40 
P3.41TO 
63 
P6.4 


18 
vcc 
41 
P3.5fTl 
64 
P6.5 


19 
P4.7 
42 
P3.61WR 
65 
P6.6 


20 
P4.6 
43 
P3.71RU 
66 
P6.7 


21 
P4.5 
44 
P5.0 
67 
PSEI'l 


22 
P'.' 
.5 
P5.1 
68 
ALEJI'ROO 
23 
P'.3 
46 
P5.2 


SUOOO84A 


TEMPERATURE 
RANGE °c 
FREQ 
DRAWING 


ROMless 
ROM 
EPROM1 
AND PACKAGE 
MHz 
NUMBER 


SC80C451CCA68 
SC83C451 CCA68 
SC87C451 CCA68 
OTP 
o to +70, Plastic Leaded Chip Carrier, 
3.5 to 12 
SOT188-3 


SC80C451 CGA68 
SC83C451 CGA68 
SC87C451 CGA68 
OTP 
o to +70, Plastic Leaded Chip Carrier 
3.5 to 16 
SOT188-3 


SC80C451 ACA68 
SC83C451 ACA68 
SC87C451 ACA68 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
3.5 to 12 
SOT188-3 


SC80C451 AGA68 
SC83C451 AGA68 
SC87C451 AGA68 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
3.5 to 16 
SOT188-3 


SC87C451 CGK68 
OTP 
o to +70, Ceramic Leaded Chip Carrier 
3.5 to 16 
1473A 


NOTE: 


1. OTP = One Time Programmable 


r----------- 


1 


1 


vcc 
1 
=t 


VSS 
1Jl 


1 


1 


1 
I 
I 
I 
I 


1 


1 


1 
I 
I 
I 


1 


1 
I 


1 


1 


1 


1 


=1 


------------l 


1 


1 


1 


1 
I 
I 
I 
I 
I 


SBUF 
IE 
IP 


INTERRUPT, 
SERIAL 
PORT AND TIMER 
BLOCKS 


I 


1 


1 


1 


1 
I 
I 


1 
- 
-1 


MNEMONIC 
PIN 
TYPE 
NAME AND FUNCTION 
NO. 


VSS 
54 
I 
Ground: 
OV reference. 


Vcc 
18 
I 
Power Supply: 
This is the power supply voltage for normal, idle, and power-down operation. 


PO.Q-Q.7 
17-10 
1/0 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 is also the multiplexed data and low-order 
address bus during accesses to external memory. External pull-ups are required during program 
verification. Port 0 can sink/source eight LS TTL inputs. 


P1.Q--P1.7 
27-34 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 1 receives the low-order 
address bytes during program memory verification. Port 1 can sink/source three LS TTL inputs, and 
drive CMOS inputs without external pull-ups. 


P2.Q--P2.7 
2-9 
1/0 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 emits the high-order address 
bytes during access to external memory and receives the high-order address bits and control signals 
during program verification. Port 2 can sink/source three LS TTL inputs, and drive CMOS inputs without 
external pull-ups. 


P3.Q--P3.7 
36-43 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 can sink/source three LS 
TTL inputs, and drive CMOS inputs without external pull-ups. Port 3 also serves the special functions 
listed below: 


36 
I 
RxD (P3.0): Serial input port 


37 
0 
TxD (P3.1): Serial output port 


38 
I 
fflTll 
(P3.2): External interrupt 
39 
I 
INTf (P3.3): External interrupt 


40 
I 
TO (P3.4): Timer 0 external input 


41 
I 
T1 (P3.5): Timer 1 external input 


42 
0 
WIf (P3.6): External data memory write strobe 


43 
0 
AD (P3.7): External data memory read strobe 


P4.Q--P4.7 
26-19 
1/0 
Port 4: Port 4 is a 8-bit (LCC) bidirectional 1/0 port with internal pull-ups. Port 4 can sink/source three 
LS TTL inputs and drive CMOS inputs without external pUll-ups. 


P5.Q--P5.7 
44-51 
1/0 
Port 5: Port 5 is a 8-bit (LCC) bidirectional 1/0 port with internal pull-ups. Port 5 can sink/source three 
LS TTL inputs and drive CMOS inputs without external pull-ups. 


P6.Q--P6.7 
59-66 
1/0 
Port 6: Port 6 is a specialized 8-bit bidirectional 1/0 port with internal pull-ups. This special port can 
sink/source three LS TTL inputs and drive CMOS inputs without external pull-ups. Port 6 can be used in 
a strobed or non-strobed mode of operation. Port 6 works in conjunction with four control pins that 
serve the functions listed below: 


tmS 
55 
I 
O"DS: Output data strobe 


IOS 
56 
I 
IOS: Input data strobe 


BFLAG 
57 
1/0 
BFLAG: 
Bidirectional 1/0 pin with internal pull-ups 


AFLAG 
58 
1/0 
AFLAG: 
Bidirectional 1/0 pin with internal pull-ups 


RST 
35 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. An 
internal pull-down resistor permits a power-on reset using only an external capacitor connected to Vcc. 


ALEII'mm 
68 
1/0 
Address 
Latch EnablelProgram 
Pulse: Output pulse for latching the low byte of the address during 


an access to external memory. ALE is activated at a constant rate of 1/6 the oscillator frequency except 
during an external data memory access, at which time one ALE is skipped. ALE can sink/source three 
LS TTL inputs and drive CMOS inputs without external pull-ups. This pin is also the program pulse 
during EPROM programming. 


"F'S"EI'J 
67 
0 
Program 
Store Enable: The read strobe to external program memory. "F'S"EI'Jis activated twice each 


machine cycle during fetches from external program memory. However, when executing out of external 
program memory, two activations of "F'S"EI'Jare skipped during each access to external program 
memory. "F'S"EI'Jis not activated during fetches from internal program memory. "F'S"EI'Jcan sink/source 
eight LS TTL inputs and drive CMOS inputs without an external pull-up. This pin should be tied low 
during programming. 


EJlNpp 
1 
I 
Instruction 
Execution 
ControVProgramming 
Supply Voltage: When EA is held high, the CPU 


executes out of internal program memory, unless the program counter exceeds OFFFH. When EA is 
held low, the CPU executes out of external program memory. EA must never be allowed to float. This 
pin also receives the 12.75V programming supply voltage (Vpp) during EPROM programming. 


XTAL1 
53 
I 
Crystal 
1: Input to the inverting oscillator amplifier that forms the oscillator. This input receives the 


external oscillator when an external oscillator is used. 


XTAL2 
52 
0 
Crystal 
2: An output of the inverting amplifier that forms the oscillator. This pin should be floated when 


an external oscillator is used. 


VO Port Structure 
The 8XC451 has a total of seven parallel I/O ports. The first four 
ports, POthrough P3, are identical in function to those present on 
the 80C51 family. The added ports 4 and 5 are identical in function 
to port 1; that is, they are standard quasi-bidirectional 
ports with no 


alternate functions and the standard output drive characteristics. 
Port 6 is a specialized 8-bit bidirectional I/O port with internal 
pullups. 


Ports 4 and 5 
Ports 4 and 5 are bidirectional I/O ports with internal pull-ups. Port 4 
is an 8-bit port. Port 4 and port 5 pins with ones written to them, are 
pulled high by the internal pull-ups, and in that state can be used as 
inputs. Port 4 and 5 are addressed at the special function register 
addresses shown in Table 1. 


Port 6 
Port 6 is a special 8-bit bidirectional I/O port with internal pull-ups 
(see Figure 1). This special port can sink/source three LS TTL 
inputs and drive CMOS inputs without external pullups. The flexibility 
of this port facilitates high-speed parallel data communications. 
This 
port can be used as a standard I/O port, or in strobed modes of 
operation in conjunction with four special control lines: OUS, IUS, 
AFLAG, and BFLAG. Port 6 operating modes are controlled by the 
port 6 control status register (CSR). Port 6 and the CSR are 
addressed at the special function register addresses shown in Table 
1. The following four control pins are used in conjunction with port 6: 


OUS - Output data strobe (Active Low) for port 6. OUS can be 
programmed to control the port 6 output drivers and the output 
buffer full flag (OBF), or to clear only the OBF flag bit in the CSR 
(output-always mode). OUS is active low for output driver control. 
the OBF flag can be programmed to be cleared on the negative or 
positive edge of OUS. 


~ 
- Input data strobe (Active Low) for port 6. IUS is used to 
control the port 6 input latch and input buffer full flag (IBF) bit in the 
CSR. The input data latch can be programmed to be transparent 
when IUS is low and latched on the positive transition of IUS, or to 
latch only on the positive transition of IUS. Correspondingly, the IBF 
flag is set on the negative or positive transition of IUS. 


BFLAG - BFLAG is a bidirectional I/O pin which can be 
programmed to be an output, set high or low under program contrOl, 
or to output the state of the input buffer full flag. BFLAG can also be 
programmed to input an enable signal for port 6. When BFLAG is 
used as an enable input, port 6 output drivers are in the 
high-impedance state, and the input latch does not respond to the 
IUS strobe when BFLAG is high. Both features are enabled when 
BFLAG is low. This feature facilitates the use of the SC8XC451 in 
bused multiprocessor systems. 


AFLAG - AFLAG is a bidirectional I/O pin which can be 
programmed to be an output set high or low under program contrOl, 
or to output the state of the output buffer full flag. AFLAG can also 
be programmed to be an input which selects whether the contents of 
the output buffer, or the contents of the port 6 control status register 
will output on port 6. This feature grants complete port 6 status to 
external devices. 


Port 6 can be used in a number of different ways to facilitate data 
communication. 
It can be used as a processor bus interface, as a 
standard quasi-bidirectional 
I/O port, or as a parallel printer port 


(either polled or interrupt driven). 


Processor 
Bus Interface 
Port 6 allows the use of an 8XC451 as an element on a 
microprocessor type bus. The host processor could be a general 
purpose MPU or the data bus of a microcontroller 
like the 8XC451 


itself. Setting up the BXC451 as a processor bus interface allows 
single or multiple microcontrollers 
to be used on a bus as flexible 
peripheral processing elements. Applications can include: keyboard 
scanners, serial I/O controllers, servo controllers, etc. 


On reset, port 6 is programmed correctly (that is, Special Function 
registers CSR and P6) for use as a bus interface. This prevents the 
interface from disrupting data on the bus of a host processor during 
power-up. 


Standard 
Quasi-bidirectional 
VO Port 


To use port 6 as a common I/O port, all of the control pins should be 
tied to ground. On hardware reset, bits 2-7 of the CSR are set to 
one. With the control pins grounded, the porfs operation and 
electrical characteristics will be identical to port 1 on the BoC51. No 
further software initialization is required. 


Parallel 
Printer Port 
The BXC451 has the capacity to permit all of the intelligent feafures 
of a common printer to be handled by a single chip. The features of 
port 6 allow a parallel port to be designed with only line driving and 
receiving chips required as additional hardware. The onboard UART 
allows RS232 interfacing with only level shifting chips added. The 
B-bit parallel ports a to 6 are ample to drive onboard control 
functions, even when ports are used for external memory access, 
interrupts, and other functions. The RAM addressing ability of ports 
o to 2 can be used to address up to 64k bytes of a hardware 
buffer/spooler. 


In addition, either end of a parallel interface can be implemented 
using port 6, and the interfaces can be interrupt driven or polled in 
either case. For more detailed information on port 6 usage, refer to 
the application notes entitled "80C451 Operation of Port 6" and 
"256k Centronics Printer Buffer Using the SC87C451 
Microcontroller." 


CONTROL 
STATUS REGISTER 
The control status register (CSR) establishes the mode of operation 
for port 6 and indicates the current status of port 6 I/O registers. All 
control status register bits can be read and written by the CPU, 
except bits 0 and 1, which are read only. Reset writes ones to bits 2 
through 7, and writes zeros to bits a and 1 (see Table 3). 


CSR.O Input Buffer 
Fult Flag (IBF) (Read Only) - The IBF bit is 


set to a logic 1 when port 6 data is loaded into the input buffer under 
control of IUS. This can occur on the negative or positive edge of 
IUS, as determined by CSR.2 IBF is cleared when the CPU reads 
the input buffer register. 


CSR.l 
Output Buffer 
Full Flag (OBF) (Read Only) - The OBF flag 


is set to a logic 1 when the CPU writes to the port 6 output data 
buffer. OBF is cleared by the positive or negative edge of OUS, as 
determined by CSR.3. 


CSR.2 IDS Mode Select (IDSM) - When CSR.2 = 0, a low-to-high 
transition on the IUS pin sets the IBF flag. The Port 6 input buffer is 
loaded on the IUS positive edge. When CSR.2 = 1, a high-to-Iow 
transition on the IUS pin sets the IBF flag. Port 6 input buffer is 
transparent when IUS is low, and latched when IUS is high. 


CSR.3 Output 
Buffer 
Full Flag Clear Mode (OBFC) - When 


CSR.3 = 1, the positive edge of the 0lJS input clears the OBF flag. 
When CSR.3 = 0, the negative edge of the 0lJS input clears the 
OBFflag. 


CSR.4, CSR.5 AFLAG Mode Select 
(MAO, MA 1) - Bits 4 and 5 select the mode of operation for the 
AFLAG pin as follows: 


MA1 
MAO 
AFLAG Function 


o 
0 
Logic 0 output 
o 
1 
Logic 1 output 
1 
0 
OBF flag output (CSR.1) 
1 
1 
Select (SEL) input mode 


The select (SEL) input mode is used to determine whether the port 6 
data register or the control status register is output on port 6. When 
the select feature is enabled, the AFLAG input controls the source of 
port 6 output data. A logic 0 on AFLAG input selects the port 6 data 
register, and a logic 1 on AFLAG input selects the control status 
register. 


CSR.6, CSR.7 BFLAG Mode Select 
(MBO, MB1) - Bits 6 and 7 select the mode operation as follows: 


MB1 
MBO 
BFLAG Function 
o 
0 
Logic 0 output 


o 
1 
Logic 1 output 


1 
0 
IBF flag output (CSR.O) 
1 
1 
Port enable (I'E) 


In 1he port enable mode, IUS and 0lJS inputs are disabled when 
BFLAG input is high. When the BFLAG input is low, the port is 
enabled for I/O. 


SPECIAL 
FUNCTION 
REGISTER 
ADDRESSES 


The SFRs are identical to those of the standard 80C51 with the 
exception of four registers that have been added to allow control of 
the three additional I/O ports P4, P5, and P6. The additional 
registers are P4, P5, P6, and CSR. Registers P4, P5, and P6 
function as port latches for ports 4, 5, and 6, respectively. These 
registers operate identically to those for ports 0 through 3 of the 
80C51. 


REGISTER ADDRESS 
BIT ADDRESS 


NAME 
SYMBOL 
ADDRESS 
MSB 
LSB 


Port 4 
P4 
CO 
C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 
Port 5 
P5 
C8 
CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 
Port 6 data 
P6 
D8 
DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 
Port 6 control status 
CSR 
E8 
EF 
EE 
ED 
EC 
EB 
EA 
E9 
E8 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT NAMES AND ADDRESSES 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
ES 
E4 
E3 
E2 
E1 
EO 
OOH 


B' 
B register 
FOH 
F7 
F6 
FS 
F4 
F3 
F2 
F1 
FO 
OOH 


EF 
EE 
ED 
EC 
EB 
EA 
E9 
E8 


CSR'# 
Port 6 command/status 
E8H 
MB1 I MBO I MA1 I MAC I OBFC 
IIDSM I OBF 
I 
IBF 
FCH 


DPTR 
Data pointer (2 bytes) 


DPH 
Data pointer high 
83H 
OOH 


DPL 
Data pointer low 
82H 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP' 
Interrupt priority 
B8H 
- 
I - 
I - 
I 
PS I PT1 I PX1 
I 
PTO I PXO 
xxxOOOOOB 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE' 
Interrupt enable 
A8H 
EA 
I 
- 
I 
- 
I 
ES I En 
I EX1 I ETO I EXO 
OxxOOOOOB 


PO' 
PortO 


.. 
80H 
87 
B6 
85 
84 
83 
82 
81 
80 
FFH 


P1' 
Port 1 
90H 
97 
96 
95 
94 
93 
92 
91 
90 
FFH 


P2' 
Port 2 
AOH 
A7 
A6 
AS 
A4 
A3 
A2 
A1 
AO 
FFH 


P3' 
Port 3 
\ 
BOH 
B7 
B6 
BS 
B4 
B3 
B2 
B1 
BO 
FFH 


P4'# 
Port 4 
COH 
C7 
C6 
CS 
C4 
C3 
C2 
C1 
CO 
FFH 


PS'# 
PortS 
C8H 
CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 
FFH 


P6'# 
Port 6 
D8H 
DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 
FFH 


PCON 
Power control 
87H 
SMOD I 
- 
I - 
I 
- 
I 
GF1 I GFO I 
PD 
I 
IDL 
OxxxOOOOB 


D7 
D6 
DS 
D4 
D3 
D2 
D1 
DO 


PSW* 
Program status word 
DOH 
CY I 
AC 
I 
FO I RS1 I RSO I ov 
I - 
I 
P 
OOH 


SBUF 
Serial data buffer 
99H 
xxxxxxxxB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCOW 
Serial port control 
98H 
SMO I SM1 I SM2 
I 
REN I TB8 I RB8 I 
TI 
I 
RI 
OOH 


SP 
Stack pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON' 
Timer/counter control 
88H 
TF1 I TR1 I TFO I TRO I 
IE1 I 
IT1 I 
IEO I 
ITO 
OOH 


TMOD 
Timer/counter mode 
89H 
GATE I crr I 
M1 I 
MO I GATE I crr 
I 
M1 I 
MO 
OOH 


THO 
Timer 0 high byte 
8CH 
OOH 


TH1 
Timer 1 high byte 
8DH 
OOH 


TLO 
Timer 0 low byte 
8AH 
OOH 


TL1 
Timer 1 low byte 
8BH 
OOH 


Bit 7 
I 
Bit6 
BitS 
I 
Bit4 
Bit3 
Bit2 
Bit 1 
BitO 


MBl 
I 
MBO 
MAl 
I 
MAD 
OBFC 
105M 
OBF 
IBF 


BFLAG Mode Select 
AFLAG Mode Select 
Output Buffer 
Input Data 
Output Buffer 
Input Buffer 


Flag Clear 
Strobe Mode 
Flag Full 
Flag Full 


Mode 


0/0 = Logic 0 output" 
0/0 = Logic 0 output" 
0= Negative 
0= Positive 
0= Output 
o = Input data 
011 = Logic 1 output" 
011 = Logic 1 output" 
edgeofOOS 
edge ofTOS" 
data buffer 
buffer empty 
1/0 = IBF output 
1/0 = OBF output 
1 = Positive 
1 = Low level 
empty 
1 = Input data 
1/1 = J5E input 
1/1 = SEL input 
edge 0 OOS 
ofTOS" 
1 = Output 
buffer full 
(0 = Select) 
(0 = Select) 
data buffer full 
(1 = Disable 1/0) 
(1 = ControVstatus) 


NOTE: 
" 
Output-always 
mode: MBl = 0, MAl = 1, and MAO = O.In this mode, port 6 is always enabled for output. OOS only clears the OBF flag. 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 
°C 


-40 to +85 


Storage temperature range 
-65 to +150 
°C 


Voltage on any other pin to Vss 
-{).5 to +6.5 
V 


Power dissipation (based on package heat transfer limitations, not device power consumption) 
1.5 
W 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 
2. 
This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS1 


Tamb; O°C to +70°C or-40°C 
to +85°C, VCC; 
5V ±10%, Vss; 
OV (87C451, 83C451, 80C451) 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYPICAL1 
MAX 
UNIT 


V,L 
Input low voltage; except Ell; 
-0.5 
0.2VcC-O·1 
V 


V,Ll 
Input low voltage to Ell; 
0 
0.2VcC-O·3 
V 


V,H 
Input high voltage; except XTAL 1, RST 
0.2Vcc+0.9 
Vcc+0.5 
V 


VIH1 
Input high voltage; XTAL1, RST 
O·7Vcc 
Vcc+0.5 
V 


VOL 
Output low voltage; ports 1, 2, 3, 4, 5, 6 
IOL; 1.6mA2 
0.45 
V 


VOLl 
Output low voltage; port 0, ALE, l"SEIII 
IOL;3.2mA2 
0.45 
V 


VOH 
Output high voltage; ports 1, 2, 3, 4, 5, 6 
IOH;-6°IlA, 
2.4 
V 


IOH; -251lA 
0.75Vcc 
V 


IOH; -101lA 
0.9Vcc 
V 


VOH1 
Output high voltage (port 0 in external bus mode, ALE, 
IOH; -8001lA, 
2.4 
V 


l"SEIII)3 
IOH; -3001lA 
0.75Vcc 
V 


IOH;-801lA 
0.9Vcc 
V 


I'L 
Logical 0 input current,; ports 1, 2, 3, 4, 5, 6 
V'N; 
0.45V 
-50 
IlA 


ITL 
Logical 1-to-0 transition current; ports 1, 2, 3, 4, 5, 6 
See note 4 
-650 
IlA 


III 
Input leakage current; port 0 
V,N ; V,L or V,H 
±10 
!1A 


Icc 
Power supply current: 
See note 6 


Active mode @ 12MHzs 
11.5 
25 
mA 
Idle mode @ 12MHzs 
1.3 
4 
mA 
Power down mode 
3 
50 
!1A 


RRST 
Internal reset pull-down resistor 
50 
300 
kQ 


CIO 
Pin capacitance7 
10 
pF 
NOTES: 
1. Typical ratings are based on a limited number of samples taken from early manufacturing lots and are not guaranteed. The values listed are 
at room temperature, 5V. 


2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VoLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and l"SEIII to momentarily fall below the 0.9V cc specification when the 
address bits are stabilizing. 


4. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when V,N is approximately 2V. 
5. 
ICCMAXat other frequencies is given by: 


Active mode: ICCMAx; 0.94 X FREQ + 13.71 
Idle mode: ICCMAX; 0.14 X FREQ +2.31 


where FREQ is the external oscillator frequency in MHz. 'CCMAXis given in mA. See Figure 13. 
6. 
See Figures 14 through 17 for Icc test conditions. 
7. 
CIO applies to ports 1 through 6, AFLAG, BFLAG, XTAL 1, XTAL2. 


AC ELECTRICAL 
CHARACTERISTICSl 
Tamb = O°Cto +70°C or-40°C 
to +85°C, Vcc = 5V ±10%, Vss = OV (87C451, 83C451, 80C451)2 


12MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


l/tCLCL 
Oscillator frequency: 
Speed Versions 
SC8XC451 
C 
3.5 
12 
MHz 


SC8XC451 
G 
3.5 
16 
MHz 


It.HLL 
2 
ALE pulse width 
127 
2tcLCL-40 
ns 


tAVLL 
2 
Address valid to ALE low 
28 
lcLCL-55 
ns 


It.LAX 
2 
Address hold after ALE low 
48 
lcLCL-35 
ns 


tLLlV 
2 
ALE low to valid instruction in 
234 
4lcLCL-l00 
ns 


!t.LPL 
2 
ALE low to J5SElIIlow 
43 
lcLCL-40 
ns 


tPLPH 
2 
J5SElIIpulse width 
205 
3lcLCL-45 
ns 


tPLIv 
2 
J5SElIIlow to valid instruction in 
145 
3lcLCL-l05 
ns 


tpXIX 
2 
Input instruction hold after J5SElII 
0 
0 
ns 


tPXIZ 
2 
Input instruction float after J5SElII 
59 
lcLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
312 
5lcLCL-l05 
ns 


tpLAZ 
2 
PSEIiIlow 
to address float 
10 
10 
ns 


Data Memory 


tRLRH 
3,4 
FlU pulse width 
400 
6lcLCL-l00 
ns 


tWLWH 
3,4 
WR pulse width 
400 
6lcLCL-l00 
ns 


tRLDV 
3,4 
FlU low to valid data in 
252 
5lcLCL-165 
ns 


tRHDX 
3,4 
Data hold after FlU 
0 
0 
ns 


tRHDZ 
3,4 
Data float after FlU 
97 
2tcLCL-70 
ns 


It.LDV 
3,4 
ALE low to valid data in 
517 
8lcLCL-150 
ns 


tAvDV 
3,4 
Address to valid data in 
585 
9lcLCL-165 
ns 


tLLWL 
3,4 
ALE low to FlU or WR low 
200 
300 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
3,4 
Address valid to WR low or FlU low 
203 
4lcLCL-130 
ns 


lovwx 
3,4 
Data valid to WR transition 
23 
lcLCL-60 
ns 


tWHQX 
3,4 
Data hold after WR 
33 
lcLCL-50 
ns 


tRLAZ 
3,4 
FlU low to address float 
0 
0 
ns 


tWHLH 
3,4 
FlU or WR high to ALE high 
43 
123 
lcLCL-40 
lcLCL+40 
ns 


Shift Register 


tXLXL 
5 
Serial port clock cycle time 
1.0 
12lcLCL 
I1s 


IovXH 
5 
Output data setup to clock rising edge 
700 
1OlcLCL-133 
ns 


tXHQX 
5 
Output data hold after clock rising edge 
50 
2lcLCL-117 
ns 


tXHDX 
5 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
5 
Clock rising edge to input data valid 
700 
l0lcLCL -133 
ns 


AC ELECTRICAL 
CHARACTERISTICS1 
(continued) 
Tamb= O°C to +70°C or-40°C 
to +85°C, vcc = 5V ±10%, vss = OV (87C451, 83C451, 80C451)2 


12MHzCLOCK 
I 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


Port 6 input (input rise and fall times = 5ns) 


tFLFH 
8 
f'Ewidth 
270 
3lcLCL+20 
ns 


tlLlH 
8 
TOSwidth 
270 
3lcLCL+20 
ns 


tDVIH 
8 
Data setup to TOShigh or f'E high 
0 
0 
ns 


tlHDX 
8 
Data hold after TOShigh or f'E high 
30 
30 
ns 


tlVFV 
9 
TOSto BFLAG (IBF) delay 
130 
130 
ns 


Port 6 output 


!oLOH 
6 
OUSwidth 
270 
3lcLCL+20 
ns 


tFVDV 
7 
SEL to data out delay 
85 
85 
ns 


!oLDV 
6 
OUS to data out delay 
80 
80 
ns 


!oHDZ 
6 
OUS to data float delay 
35 
35 
ns 


!oVFV 
6 
OUS to AFLAG (OBF) delay 
100 
100 
ns 


tFLDV 
6 
f'E to data out delay 
120 
120 
ns 


!oHFH 
7 
OUS to AFLAG (SEL) delay 
100 
100 
ns 


External 
Clock 


lcHCX 
10 
High time 
20 
20 
ns 


lcLCX 
10 
Low time 
20 
20 
ns 


lcLCH 
10 
Rise time 
20 
20 
ns 


lcHCL 
10 
Fall time 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless o!herwise specified. 
2. 
Load capacitance for port 0, ALE, and ~ 
= 100pF, load capacitance for all other outputs = 80pF. 


EXPLANATION 
OF THE AC SYMBOLS 
Each timing symbol has five characters. The first character is always 
'I' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. The 
designations are: 
A - 
Address 
C - 
Clock 


D - 
Input data 


H - 
Logic level high 


I 
- 
Instruction (program memory contents) 


L - 
Logic level low, or ALE 


P - 
J5SEf'J 
Q - 
Output data 
R - 
fmsignal 
t 
- 
Time 
V - 
Valid 
W- 
WRsignal 
X - 
No longer a valid logic level 
Z - 
Float 
Examples: 
tAVLL= Time for address valid to ALE low. 
tLLPL= Time for ALE low to J5SEf'Jlow. 


-I 


tRLRH 


HrtXHQXI 


INPUT 
DATA 
~' 


CLEAR 
RI 


IBF(BFl.AG) 
__ Ei 
~/P---- 


VCC-O·S 


O.45V 


VCC-OS=X 
>C 
o 2VCc+O9 


o 45V 
.~O_2V_C_C-O 
__ l 
_ 


NOTE, 
AC inputs 
during 
testing 
are driven 
at Vcc~.5 
for a logic '1' and O.45V for a logic '0'. 
llming 
measurements are made al VtH min for a logic '1' and VIL max for a logic '0', 


TIMING 
REFERENCE 


POINTS 


NOTE, 
For timing purposes, a port is no longerfloaling 
when a lDOmV change from load voltage occurs, 


and begins to float when a lOOmV change from the loaded VotIVot.. level occurs. lot-tI'Ol:<!: ±2OrnA. 


PO 


EJ\ 


(NC) 
XTAl2 


VCC 


CLOCK SIGNAL 
XTAL1 


VSS 
!OS 


ODS 


Figure 14. 
Icc Test Condition, 
Active 
Mode 


All other pins are disconnected 
Figure 15. 
Icc Test Condition,ldle 
Mode 


All other pins are disconnected 


VCC4l·5 
- 
- 
- 
- 


0.7Vcc 


0.45V 
0.2vcC4l.1 


Figure 16. 
Clock Signal Waveform 
for Icc Tests in Active and Idle Modes 


tCLCH = tCHCl = 5ns 


RST 


EJ\ 


(NC) 
XTAl2 


vcc 
XTAl1 


vss 
!OS 


ODS 


Figure 17. 
Icc Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 5.5V 


EPROM CHARACTERISTICS 
The B7C451 is programmed by using a modified Quick-Pulse 
Programming'" 
algorithm. It differs from older methods in the value 


used for Vpp (programming supply voltage) and in the width and 
number of the ALEIPROG pulses. 


The B7C451 contains two signature bytes that can be read and used 
by an EPROM programming system to identify the device. The 
signature bytes identify the device as an B7C451 manufactured by 
Philips Semiconductors. 


Table 4 shows the logic levels for reading the signature byte, and for 
programming the program memory, the encryption table, and the 
lock bits. The circuit configuration and waveforms for quick-pulse 
programming are shown in Figures 1Band 19. Figure 20 shows the 
circuit configuration for normal program memory verification. 


Quick-Pulse Programming 
The setup for microcontroller qUick-pulse programming is shown in 
Figure 1B. Note that the B7C451 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to be running is that the 
device is executing intemal address and program data transfers. 


The address of the EPROM location to be programmed is applied to 
ports 1 and 2, as shown in Figure 1B. The code byte to be 
programmed into that location is applied to port O.RST, PSEIiI and 
pins of ports 2 and 3 specified in Table 4 are held at the 'Program 
Code Data' levels indicated in Table 4. The ALEIPROG is pulsed 
low 25 times as shown in Figure 19. 


To program the encryption table, repeat the 25 pulse programming 
sequence for addresses 0 through 1FH, using the 'Pgm Encryption 
Table' levels. Do not forget that after the encryption table is 
programmed, verification cycles will produce only encrypted data. 


To program the lock bits, repeat the 25 pulse programming 
sequence using the 'Pgm Lock Bit' levels. After one lock bit is 
programmed, further programming of the code memory and 
encryption table is disabled. However, the other lock bit can still be 
programmed. 


Note that the tANpp 
pin must not be allowed to go above the 


maximum specified Vpp level for any amount of time. Even a narrow 
glitch above that voltage can cause permanent damage to the 
device. The Vpp source should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 
If lock bit 2 has not been programmed, the on-chip program memory 
can be read out for program verification. The address of the program 
memory locations to be read is applied to ports 1 and 2 as shown in 
Figure 20. The other pins are held at the 'Verify Code Data' levels 
indicated in Table 4. The contents of the address location will be 
emitted on port O. Extemal pull-ups are required on port 0 for this 
operation. 


If the encryption table has been programmed, the data presented at 
port 0 will be the exclusive NOR of the program byte with one of the 
encryption bytes. The user will have to know the encryption table 
contents in order to correctiy decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 
The signature bytes are read by the same procedure as a normal 
verification of locations 030H and 031 H, except that P3.6 and P3.7 
need to be pulled to a logic low. The values are: 
(030H) = 15H indicates manufactured by Philips 
(031H) = 90H indicates B7C451 


ProgramNerify 
Algorithms 


Any algorithm in agreement with the conditions listed in Table 4, and 
which satisfies the timing specifications, 
is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have wavelengths in this 
range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. For this and secondary 
effects, 
it is recommended 
that an opaque label be placed over the 


window. 
For elevated temperature or environments where solvents 


are being used, apply Kapton tape Fluorglas part number 2345-5, 
or 


eqUivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-seclcm2. 
Exposing the EPROM to an ultraviolet lamp of 12,OOOllW/cm2 rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


MODE 
RST 
PSEN 
ALEJPROG 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 


Pgm lock bit 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 


pgm lock bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


NOTES: 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. 
Vpp = 12.75V ±O.25V. 
3. 
Vcc = 5V ±100/0during programming and verification. 
• 
ALEIPROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100/1s (±10/1s) and high for a 
minimum of 1OILS. 


Vcc 


Pl 
PO 


RST 
EANpp 


P3.6 
ALEJIlIlOO 


P3.7 
87C451 
!'SEll 


XTAL2 
P2.7 


P2.6 


XTALl 
P2.o-P2.4 


VSS 


10/lsMIN 
----.j ~lll~---- 
l00/lS±10 
----- 
•• 1 
~ 
~n~ 
n'____ 


Vcc 


P' 
PO 


RST 
EANpp 


P3.6 
ALEJIlIlOO 


P3.7 
87C4S1 
!'SEll 


XTAl2 
P2.7 


P2.6 


XTAL1 
P2.(~.p2.4 


VSS 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C to +27°C, vcc = 5V±10%, vss = OV (See Figure 21) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply current 
50 
mA 


1ltCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup to J5ROO low 
4BteLCL 


lGHAX 
Address 
hold after J5ROO 
4BteLCL 


tDVGL 
Data setup to J5ROO low 
4BteLCL 


lGHDX 
Data hold after J5ROO 
4BteLCL 


leHSH 
P2.7 (~) 
high to Vpp 
4BteLCL 


tSHGL 
Vpp setup to J5ROO low 
10 
I1S 


lGHSL 
Vpp hold after J5ROO 
10 
I1S 


lGLGH 
J5ROOwidth 
90 
110 
I1S 


tAVOV 
Address 
to data valid 
4BteLCL 


tELOZ 
~ 
low to data valid 
4BteLCL 


tEHQZ 
Data float after ~ 
0 
4BteLCL 


lGHGL 
J5ROO high to J5ROO low 
10 
I1S 


NOTE: 


FOR PROGRAMMING 
VERIFICATION 
SEE AGURE 
18. 


FOR VERIFICATION 
CONDITIONS 
SEE FIGURE 
20. 


Figure 21. 
EPROM Programming and Verification 


DESCRIPTION 
The Philips 8XC453 is an 1/0 expanded single-chip microcontroller 
fabricated with Philips high-density CMOS technology. Philips 
epitaxial substrate minimizes latch-up sensitivity. 


The 8XC453 is a functional extension of the 87C51 microcontroller 
with three additional 1/0 ports and four 1/0 control lines. The 8XC453 
is available in 68-pin LCC packages. Four control lines associated 
with port 6 facilitate high-speed asynchronous 
1/0 functions. 


The 87C453 includes an ak x a EPROM, a 256 x a RAM, 56 I/O 
lines, two 16-bit timerlcounters, 
a seven source, two priority level, 
nested interrupt structure, a serial 1/0 port for either a full duplex 
UART, 1/0 expansion, or multi-processor communications, 
and 


on-chip oscillator and clock circuits. 


The 87C453 has two software selectable modes of reduced activity 
for further power reduction; idle mode and power-down mode. Idle 
mode freezes the CPU while allowing the RAM, timers, serial port, 
and interrupt system to continue functioning. Power-down mode 
freezes the oscillator, causing all other chip functions to be 
inoperative while maintaining the RAM contents. 


• Seven a-bit 1/0 ports 


• Port 6 features: 


- 
Eight data pins 


- 
Four control pins 


- 
Direct MPU bus interface 


- 
ISA Bus Interface 


- 
Parallel printer interface 


- 
IBF and OBF interrupts 


- 
A flag latch on host write 


• On the microcontroller: 


- 
8kx8 
EPROM 


Quick pulse programming algorithm 


Two-level program security system 


- 
256x a RAM 


- 
Two 16-bit counterltimers 


- 
Two extemal interrupts 


• External memory addressing capability 


- 
64k ROM and 64k RAM 


• Low power consumption: 


- 
Normal operation: less than 24mA at 5V, 16MHz 


- 
Idle mode 


- 
Power-down mode 


• Reduced EMI 


• Full-duplex enhanced UART 


- 
Framing error detection 


- 
Automatic address recognition 


26 
44 


27 
43 


Pin 
Function 
Pin 
Function 
Pin 
Function 
1 
UNpp 
24 
P4.2 
47 
PS.3 


2 
P2.OJAB 
25 
P4.1 
48 
P5.4 
3 
P2.1/A9 
26 
P4.0 
49 
P5.5 


4 
P2.21A10 
27 
P1.D 
50 
P5.6 


5 
P2.31A11 
28 
P1.1 
5' 
P5.7 


6 
P2.4/A12 
29 
P1.2 
52 
XTAL2 


7 
P2.5/A13 
30 
P1,3 
53 
XTAl1 


8 
P2.61A14 
31 
P1.4 
54 
vss 


9 
P2.7/A'5 
32 
P1.5 
55 = 
10 
PO.7/AD7 
33 
P1.6 
56 
IDS 


" 
PO.61ADB 
34 
P1,7 
57 
SHAG 
12 
PO.5IAD5 
35 
RST 
58 
AFLAG 
13 
PO.4/AD4 
36 
P3.OIRxD 
59 
P6.0 
14 
PO.31AD3 
37 
P3.1fTxO 
60 
P6.1 
15 
PO.21AD2 
38 
P3.2AI'ITO 
6' 
PB.2 


'6 
PO.1/AD1 
39 
P3.3IIlm' 
62 
P6.3 


'7 
PO.OIADO 
40 
P3.4ITO 
63 
P6.4 
18 
vcc 
41 
P3.5IT1 
64 
P6.5 


19 
P4.7 
42 
P3.6IWR 
65 
P6.6 


20 
P4.6 
43 
P3.7/RO 
66 
PB.7 
21 
P4.5 
44 
P5.0 
67 
l'SEJil 
22 
P4.4 
45 
P5.1 
68 
ALEII'ROO 
23 
P4.3 
48 
P5.2 


SUOO157 


EPROM' 
ROMLESS 
ROM 
TEMPERATURE 
°C AND PACKAGE 
FREQ. 
PKG. 


(MHz) 
DWG# 


P87C453EBAA 
OTP 
P8oC453EBAA 
P83C453EBAA 
68-Pin Plastic Leaded Chip Carrier, 0 to +70 
3.5 to 16 
SOT188-3 


P87C453EFAA 
OTP 
P8oC453EFAA 
P83C453EFAA 
68-Pin Plastic Leaded Chip Carrier. --40 to +85 
3.5 to 16 
SOT188-3 


P87C453EBLKA 
UV 
68-Pin Ceramic Leaded Chip Carrier with window, 
3.5 to 16 
1473A 
oto +70 


P87C453EFLKA 
UV 
68-Pin Ceramic Leaded Chip Carrier with window, 
3.5 to 16 
1473A 
--40 to +85 


NOTE: 
1. OTP = One-Time Programmable EPROM. 
UV = Erasable EPROM. 


~ 


:: 
~ g}ADDRESS 
AND 
_ 
lS- 
DATABUS 
-"-- 
- - 
-.... 


E~_ 
-Ii: 
_ 
0 
-"--- 
-~ 
-+1 


- 
-+ 
_ 
N-+ 
~lf~~~"'"',.. 


-Ii: 
_ 
0 
-"--- 
Elf~ 
-Ii: 
_ 
0- 
"--- 


r----------- 
I 
I 


~ 
vssl 
4l 


I 
I 
I 
I 
I 
I 
I 


SCON 


THO 


OPH 


SBUF 


TMOO 


TLO 


OPL 


IE 


TCON 


THl 


AUXR 


IP 


AL 


El\VPP 


RST 


MNEMONIC 
PINNa. 
TYPE 
NAME AND FUNCTION 


VSS 
54 
I 
Ground: 
OV reference. 


Vee 
18 
I 
Power Supply: 
This is the power supply voltage for normal, idle, and power-down operation. 


PO.Q-O.7 
17-10 
1/0 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 is also the multiplexed data and low-order 
address bus during accesses to extemal memory. Extemal pull-ups are required during program 
verification. Port 0 can sink/source eight LS TIL inputs. 


P1.Q-P1.7 
27-34 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with intemal pull-ups. Port 1 receives the low-order address 
bytes during program memory verification. Port 1 can sink/source three LS TIL inputs, and drive CMOS 
inputs without external pull-ups. 


P2.Q-P2.7 
2-9 
1/0 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 emits the high-order address 
bytes during access to external memory and receives the high-order address bits and control signals 
during program verification. Port 2 can sink/source three LS TIL inputs, and drive CMOS inputs without 
external pull-ups. 


P3.Q-P3.7 
36-43 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 can sink/source three LS TIL 
inputs, and drive CMOS inputs without external pull-ups. Port 3 also serves the special functions listed 
below: 
36 
I 
RxD (P3.0): Serial input port 


37 
0 
TxD (P3.1): Serial output port 


38 
I 
Jm'll (P3.2): External interrupt 


39 
I 
INTl (P3.3): External interrupt 


40 
I 
TO (P3.4): TImer 0 external input 


41 
I 
T1 (P3.5): TImer 1 external input 


42 
0 
WR (P3.6): Extemal data memory write strobe 


43 
0 
RD (P3.7): Extemal data memory read strobe 


P4.Q-P4.3 
1/0 
Port 4: Port 4 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 4 can sink/source three LS TIL 
P4.Q-P4.7 
26-19 
1/0 
inputs and drive CMOS inputs without extemal pull-ups. 


P5.Q-P5.7 
44-51 
I/O 
Port 5: Port 5 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 5 can sink/source three LS TIL 
inputs and drive CMOS inputs without external pull-ups. 


P6.Q-P6.7 
59-66 
1/0 
Port 6: Port 6 is a specialized 8-bit bidirectional 1/0 port with intemal pull-ups. This special port can 
sink/source three LS TIL inputs and drive CMOS inputs without extemal pull-ups. Port 6 can be used in a 
strobed or non-strobed mode of operation. Port 6 works in conjunction with four control pins that serve the 
functions listed below: 


ODS 
55 
I 
ODS: Output data strobe 


!tiS 
56 
I 
!tiS: Input data strobe 


BFLAG 
57 
1/0 
BFLAG: 
Bidirectional 1/0 pin with internal pull-ups 


AFLAG 
58 
1/0 
AFLAG: 
Bidirectional 1/0 pin with internal pull-ups 


RST 
35 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. An 
internal pull-down resistor permits a power-on reset using only an external capacitor connected to Vee. 


ALEJI5l1(jG 
68 
1/0 
Address 
Latch EnablelProgram 
Pulse: Output pulse for latching the low byte of the address during an 
access to external memory. ALE is activated at a constant rate of 1/6 the oscillator frequency except during 
an external data memory access, at which time one ALE is skipped. ALE can sink/source three LS TIL 
inputs and drive CMOS inputs without external pull-ups. This pin is also the program pulse during EPROM 
programming. 


PSEN 
67 
0 
Program 
Store Enable: The read strobe to external program memory. PSEN is activated twice each 


machine cycle during fetches from external program memory. However, when executing out of external 
program memory, two activations of PSEN are skipped during each access to external program memory. 
PSEN is not activated during fetches from internal program memory. PSEN can sink/source eight LS TIL 
inputs and drive CMOS inputs without an external pull-up. This pin should be tied low during programming. 


FANpp 
1 
I 
Instruction 
Execution 
Control/Programming 
Supply Voltage: 
When EA is held hi~ 
the CPU executes 


out of internal program memory, unless the program counter exceeds 1FFFH. When 
is held low, the 


CPU executes out of external program memory. EA must never be allowed to float. This pin also receives 
the 12.75V programming supply voltage (Vpp) during EPROM programming. 


XTAL1 
53 
I 
Crystal 
1: Input to the inverting oscillator amplifier that forms the oscillator. This input receives the external 


oscillator when an external oscillator is used. 
XTAL2 
52 
0 
Crystal 
2: An output of the inverting amplifier that forms the oscillator. This pin should be floated when an 
external oscillator is used. 


Table 1. 
87C453 Special Function Registers 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT NAMES AND ADDRESSES 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
ES 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B" 
B register 
FOH 
F7 
FS 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


EF 
ED 
EB 


CSW# 
Port S command/status 
EBH 
MB1 
IBF 
FCH 


DPTR 
Data pointer (2 bytes) 


DPH 
Data pointer high 
B3H 
OOH 


DPL 
Data pointer low 
B2H 
OOH 


BF 
BB 
B9 
BB 


IP" 
Interrupt priority 
BBH 
PXO 
xOOOOOOOB 


AUXR# 
Auxiliary register 
BEH 
AO 
xOOOOOOOB 


AF 
AB 


IE" 
Interrupt enable 
ABH 
EA 
EXO 
OOOOOOOOB 


PO" 
PortO 
BOH 
B7 
BS 
B5 
B4 
B3 
B2 
B1 
BO 
FFH 


P1" 
Port 1 
90H 
97 
9S 
95 
94 
93 
92 
91 
90 
FFH 


P2" 
Port 2 
AOH 
A7 
AS 
A5 
A4 
A3 
A2 
A1 
AO 
FFH 


P3" 
Port 3 
BOH 
B7 
BS 
B5 
B4 
B3 
B2 
B1 
BO 
FFH 


P4"# 
Port 4 
COH 
C7 
CS 
C5 
C4 
C3 
C2 
C1 
CO 
FFH 


PS"# 
PortS 
CBH 
CF 
CE 
CD 
CC 
CB 
CA 
C9 
CB 
FFH 


PS"# 
PortS 
DBH 
DF 
DE 
DD 
DC 
DB 
DA 
D9 
DB 
FFH 


PCON 
Power control 
B7H 
SMOD1 
IDL 
OOxxOOOOB 


D7 
DS 
D5 
D4 
D3 
D2 
D1 
DO 


PSW" 
Program status word 
DOH 
CY 
P 
OOH 


SADDR# 
Slave Address 
A9H 
OOH 


SADEN# 
Slave Address Mask 
B9H 
OOH 


SBUF 
Serial data buffer 
99H 
xxxxxxxxB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
9B 


SCON" 
Serial port control 
9BH 
SMO 
RI 
OOH 


SP 
Stack pointer 
B1H 
07H 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
BB 


TCON" 
Timer/counter control 
BBH 
TF1 
ITO 
OOH 


TMOD 
Timer/counter mode 
B9H 
GATE 
MO 
OOH 


THO 
Timer 0 high byte 
BCH 
OOH 


TH1 
Timer 1 high byte 
BDH 
OOH 


TLO 
Timer 0 low byte 
BAH 
OOH 
TL1 
Timer 1 low byte 
BBH 
OOH 
NOTES: 
" 
SFRs are bit addressable. 
# 
SFRs are modified from or added to the BOC51 SFRs. 
1. REset value depends on reset source. 


1995Aug 
15 
3-315 


1E.3 
TFl 


RI 
1E.4 


TI 


IE.S 


IBF 


1E.6 


OBF 


<>--a"( 


I 
I 


~ 
I 
I 
o-o-f 


I 
I 
0-4 


I 
I 


~ 
I 
I 


~ 
I 
I 
0-4 


INTERRUPT 
POLLING 
SEQUENCE 


BIT 
SYMBOL 
IE.? 
EA 


IE.6 
lOB 


IE.S 
liB 


lEA 
ES 


IE.3 
ET1 


IE.2 
EX1 


IE.1 
ETO 
IE.O 
EXO 


FUNCTION 
Disables all interrupts. If EA=O, no interrupt will be acknowledged. 
If EA=1, each interrupt 


source is individually enabled or disabled by setting or clearing its enable bit. 
Enables or disables the Output Buffer Full (OBF) interrupt. If 10B=O, the interrupt is disabled, 
If IOB=1, an interrupt will occur if EA is set and data has been read from the output buffer 
register through Port 6 by the external host pulsing ODS low. 
Enables or disables the Input Buffer Full (IBF) interrupt. If IIB=O, the interrupt is disabled. If 
IIB=1, an interrupt will occur if EA is set and data has been written into the Port 6 Input Data 
Buffer by the host strobing IDS low. 
Enables or disables the Serial Port Interrupt. If ES=O, the Serial Port Interrupt. If ES=O, the 
Serial Port interrupt is disabled. 
Enables or disables the Timer 1 Overflow interrupt. If ET1=O, the Timer 1 interrupt is disabled. 
Enables or disables External Interrupt 1. If EX1=0, External Interrupt 1 is disabled. 
Enables or disables the Timer 0 Overflow interrupt. If ETO=O,the Timer 0 interrupt is disabled. 
Enables or disables External Interrupt O.if EXO=O,external Interrupt 0 is disabled. 


BIT 
SYMBOL 


IP.? 
IP.6 
POB 


IP.S 
PIB 


IP.4 
PS 


IP.3 
PT1 


IP.2 
PX1 


IP.1 
PTO 


IP.O 
PXO 


PCON (8?H) 


BIT 
SYMBOL 
PCON.? 
SMOD1 


PCON.6 
SMODO 
PCON.S 
PCON.4 
POF 


PCON.3 
GF1 
PCON.2 
GFO 
PCON.1 
PO 
PCON.O 
IDL 


FUNCTION 
Reserved. 
Defines the Output Buffer Full interrupt (lOB) priority level. POB;l 
programs it to the higher 


priority level. 
Defines the Input Buffer Full interrupt (liB) priority level. PIB;l 
programs it to the higher 


priority level. 
Defines the Serial Port interrupt priority level. PS;l 
programs it to the higher priority level. 


Defines the Timer 1 interrupt priority level. PT1;1 programs it to the higher priority level. 
Defines the Extemallnterrupt 
1 priority level. PX1;1 programs it to the higher priority level. 


Enables or disables the Timer 0 interrupt priority level. PTO;l 
programs it to the higher prior- 


ity level. 
Defines the External Interrupt 0 priority level. PXO;l 
programs it to the higher priority level. 


FUNCTION 
Double Baud rate bit. When set to a 1 and Timer 1 is used to generate baud rate, and the Serial Port 
is used in modes 1, 2, or 3. 
If setto 
1, SCON.? will be the Framing Error bit (FE). If PCON.6 is cleared, SCON.? will be SMO. 


Reserved. 
Power Off Flag is set during power on of Vee. If then cleared by software, it can be used to determine 
if a warm start has occurred. 
General-purpose flag bit. 
General-purpose flag bit. 
Power-Down bit. Setting this bit activates power-down mode. It can only be set if input EW is high. 
Idle mode bit. Setting this bit activates the idle mode. 


SCON 
Address = 98H 


Bit Addressable 
I SMOIFE I 
SM1 


Bit: 
7 
6 


(SMODO = 0/1)" 


REN 


TB8 


RB8 


Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE M is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit. 


Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO) 


Serial Port Mode Bit 1 
SMO 
SM1 
Mode 
Description 
Baud Rate"" 


o 
0 
0 
shift register 
fose/12 
o 
1 
1 
8-bit UART 
variable 
1 
0 
2 
9-bit UART 
fose/54 or fose/32 
1 
1 
3 
9·bit UART 
variable 


Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then RI will not be set unless the 
received 9th data bit (RB8) is 1, indicating an address, and the received byte is a Given or Broadcast Address. 
In Mode 1, if SM2 = 1 then RI will not be activated unless a valid stop bit was received, and the received byte is a 
Given or Broadcast Address. In Mode 0, SM2 should be O. 


Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 


In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = 0, RB8 is the stop bit that was received. 
In Mode 0, RB8 is not used. 


Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. Must be cleared by software. 


Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in 
the other modes, in any serial reception (except see SM2). Must be cleared by software. 


NOTE: 
·SMODO is located at peON6. 
··fose ::::oscillator frequency 


START 
DATA BYTE 
ONLY IN 
STOP 


BIT 
MODE 2. 3 
BIT 


IN UART 
MODE 
2 OR MODE 
3 AND 
SM2 = 1: 


INTERRUPT 
IF REN=l, 
RBS=1 AND ~RECEIVED 
ADDRESS" 
= ·PROGRAMMED 
ADDRESS· 


- WHEN 
OWN 
ADDRESS 
RECEIVED, 
CLEAR 
SM2 TO RECEIVE 
DATA BYTES 
- WHEN 
ALL DATA BYTES 
HAVE 
BEEN 
RECEIVED: 
SET SM2 TO WAIT 
FOR 
NEXT 
ADDRESS. 


SPECIAL 
FUNCTION 
REGISTER 
ADDRESSES 


Special function register addresses for the device are identical to 
those of the 80C51 , except for the additional registers listed in 
Table 2. 


Enhanced 
UART 


The UART operates in all of the usual modes that are described in 
the first section of this book for the 80C51. In addition the UART can 
perform framing error detect by looking for missing stop bits, and 
automatic address recognition. The 8?C453 UART also fully 
supports multiprocessor communication as does the standard 
80C51 UART. 


When used for framing error detect the UART looks for missing stop 
bits in the communication. 
A missing bit will set the FE bit in the 
SCON register. The FE bit shares the SCON.? bit with SMO and the 
function of SCON.? is determined by PCON.6 (SMODO) (see 
Figure 5). If SMODO is set then SCON.? functions as FE. SCON.? 
functions as SMO when SMODO is cleared. When used as FE 
SCON.? can only be cleared by software. Refer to Figure 6. 


Automatic 
Address 
Recognition 
Automatic Address Recognition is a feature which allows the UART 
to recognize certain addresses in the serial bit stream by using 
hardware to make the comparisons. This feature saves a great deal 
of software overhead by eliminating the need for the software to 
examine every serial address which passes by the serial port. This 
feature is enabled by selting the SM2 bit in SCON. In the 9 bit UART 
modes, mode 2 and mode 3, the Receive Interrupt flag (RI) will be 
automatically set when the received byte contains either the "Given" 
address or the "Broadcast" address. The 9 bit mode requires that 
the 9th information bit is a 1 to indicate that the received information 
is an address and not data. Automatic address recognition is shown 
in Figure? 


The 8 bit mode is called Mode 1. In this mode the RI flag will be set 
if SM2 is enabled and the information received has a valid stop bit 
following the 8 address bits and the information is either a Given or 
Broadcast address. 


Mode 0 is the Shift Register mode and SM2 is ignored. 


Using the Automatic Address Recognition feature allows a master to 
selectively communicate with one or more slaves by invoking the 


Given slave address or addresses. All of the slaves may be 
contacted by using the Broadcast address. Two special Function 
Registers are used to define the slave's address, SADDR, and the 
address mask, SADEN. SADEN is used to define which bits in the 
SADDR are to b used and which bits are "don't care". The SADEN 
mask can be logically ANDed with the SADDR to create the "Given" 
address which the master will use for addressing each of the slaves. 
Use of the Given address allows multiple slaves to be recognized 
while excluding others. The following examples will help to show the 
versatility of this scheme: 


Slave 0 
SADDR 
1100 0000 


SADEN 
1111 1101 


Given 
1100 OOXO 


Slave 1 
SADDR 
1100 0000 


SADEN 
1111 1110 


Given 
1100 OOOX 


In the above example SADDR is the same and the SADEN data is 
used to differentiate between the two slaves. Slave 0 requires a 0 in 
bit 0 and it ignores bit1. Slave 1 requires a 0 in bit 1 and bit 0 is 
ignored. A unique address for Slave 0 would be 11000010 since 
slave 1 requires a 0 in bit 1. A unique address for slave 1 would be 
11000001 since a 1 in bit 0 will exclude slave O. Both slaves can be 
selected at the same time by an address which has bit 0 = 0 (for 
slave 0) and bit 1 = 0 (for slave 1). Thus, both could be addressed 
with 1100 0000. 


In a more complex system the following could be used to select 
slaves 1 and 2 while exclUding slave 0: 


Slave 0 
SADDR 
1100 0000 


SADEN 
1111 1001 


Given 
1100 OXXO 


Slave 1 
SADDR 
1110 0000 


SADEN 
1111 1010 


Given 
1110 OXOX 


Slave 2 
SADDR 
1110 0000 


SADEN 
1111 1100 


Given 
1110 OOXX 


In the above example the differentiation among the 3 slaves is in the 
lower 3 address bits. Slave 0 requires that bit 0 = 0 and it can be 
uniquely addressed by 1110 0110. Slave 1 requires that bit 1 = 0 and 
it can be uniquely addressed by 1110 and 0101. Slave 2 requires 
that bit 2 = 0 and its unique address is 1110 0011. To select Slaves 0 
and 1 and exclude Slave 2 use address 1110 0100, since it is 
necessary t make bit 2 = 1 to exclude slave 2. 


The Broadcast Address for each slave is created by taking the 
logical OR of SADDR and SADEN. Zeros in this result are teated as 
don't-cares. In most cases, interpreting the don't-cares as ones, the 
broadcast address will be FF hexadecimal. 


Upon reset SADDR (SFR address OA9H) and SADEN (SFR 
address OB9H) are leaded with Os.This produces a given address 
of all "don't cares" as well as a Broadcast address of all "don't 
cares". this effectively disables the Automatic Addressing mode and 
allows the microcontroUer to use standard 80C51 type UART drivers 
which do not make use of this feature. 


The 87C453 UART has all of the capabilities 6f the standard 80C51 
UART plus Framing Error Detection and Au10matic Address 
Recognition. As in the 80C51 , all four modes of operation are 
supported as well as the 9th bit in modes 2 and 3 that can be used 
to facilitate multiprocessor communication. 


OSCILLATOR 
CHARACTERISTICS 


XTAL 1 and XTAL2 are the input and outpu1, respectively, of an 
inverting amplifier. The pins can be configured for use as an on-chip 
oscillator. 


To drive the device from an ex1emal clock source, XTAL 1 should be 
driven while XTAL2 is left unconnected. There are no requirements 
on the duty cycle of the ex1emal clock signal, because the inpu1to 
the intemal clock circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and low times specified in 
the data sheet must be observed. 


Reset 
A reset is accomplished 
by holding the RST pin high for at least two 


machine cycles (24 oscillator periods), while the oscillator is running. 
To insure a good power-on reset, the RST pin must be high long 
enough to allow the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At power-on, the voltage on 
Vcc and RST must come up at the same time for a proper start-up. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep while all of the on-chip 
peripherals stay active. The instruction to invoke the idle mode is the 
last instruction executed in the normal operating mode before the 
idle mode is activated. The CPU contents, the on-chip RAM, and all 
of the special function registers remain intact during this mode. The 
idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the interrupt service routine 
and continued), or by a hardware reset which starts the processor in 
the same manner as a power-on reset. 


Power-Down 
Mode 
To save even more power, a Power Down mode can be invoked by 
software. In this mode, the oscillator is stopped and the instruction 
that invoked Power Down is the last instruction executed. The 
on-chip RAM and Special Function Registers retain their values until 
the Power Down mode is terminated. 


On the 87C453 either a hardware reset or ex1emal interrupt can 
cause an exit from Power Down. Reset redefines all the SFRs but 


does not change the on-ehip RAM. An ex1emal interrupt allows both 
the SFRs and the on-chip RAM to retain their values. 


To properly terminate Power Down the reset or external interrupt 
should not be executed before Vcc is restored to its normal 
operating level and must be held active long enough for the 
oscillator to restart and stabilize (normally less than 10ms). 


With an ex1ernal interrupt, INTO and INTl must be enabled and 
configured as level-sensitive. 
Holding the pin low restarts the 


oscillator but bringing the pin back high completes the exit. Once the 
interrupt is serviced, the nex1 instruction to be execu1ed after RETI 
will be the one following the instruction that put the device into 
Power Down. 


Power Off Flag 
The Power Off Flag (POF) in PCON is set by on-ehip circuitry when 
the Vcc level on the 87C453 rises from 0 to 5V. The POF bit can be 
set or cleared by software allowing a user to determine if the reset is 
the result of a power-on or a warm start after powerdown. The Vcc 
level must remain above 3V for the POF to remain unaffected by the 
Vcc level. 


Design Consideration 


• When the idle mode is terminated by a hardware reset, the device 
normally resumes program execution, from where it left off, up to 
two machine cycles before the internal rest algorithm takes 
control. On-chip hardware inhibits access to internal RAM in this 
event, but access to the port pins is not inhibited. To eliminate the 
possibility of an unexpected write when Idle is terminated by reset, 
the instruction following the one that invokes Idle should not be 
one that writes to a port pin or to ex1ernal memory. 


ONCEn, Mode 


The ONCE ("On-Circuit Emulation") Mode facilitates testing and 
debugging of systems using the 87C453 without having to remove 
the IC from the circuit. The ONCE Mode is invoked by: 
1. 
Pull ALE low while the device is in reset and "Pm:fil is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 0 pins go into a float 
state, and the other port pins and ALE and "Pm:fil are weakly pulled 
high. The oscillator circuit remains active. While the 87C453 is in 
this mode, an emulator or test CPU can be used to drive the circuit. 
Normal operation is restored when a normal reset is applied. 


PORTS4ANDS 
Ports 4 and 5 are bidirectional I/O ports with internal pUll-Ups. Port 4 
is an 8-bit port. Port 4 and port 5 pins with ones written to them, are 
pulled high by the internal pUll-Ups, and in that state can be used as 
inputs. Ports 4 and 5 are addressed at the special function register 
addresses shown in Table 2. 


PORT 6 
Port 6 is a special 8-bit bidirectionalI/O 
port with internal pUll-Ups 


(see Figure 8). This port can be used as a standard I/O port, or in 
strobed modes of operation in conjunction with four special control 
lines: rnm, lOS, AFLAG, and BFLAG. Port 6 operating modes are 
controlled by the port 6 control status register (CSR). Port 6 and the 
CSR are addressed at the special function register addresses 
shown in Table 2. The following four control pins are used in 
conjunction with port 6: 
rnm - Output data strobe for port 6. rnm can be programmed to 
control the port 6 output drivers and the output buffer full flag (OBF), 
or to clear only the OBF flag bit in the CSR (output-always mode). 


ODS is active low for output driver control. The OBF flag can be 
programmed to be cleared on the negative or positive edge of ODS. 
Can produce an lOB interrupt (see Figure 2). 


IOS - Input data strobe for port 6. lOS is used to contror the port 6 
input latch and input buffer full flag (IBF) bit in the CSR. The input 
data latch can be programmed to be transparent when lOS is low 
and latched on the positive transition of lOS, or to latch only on the 
positive transition of IOS. Correspondingly, 
the IBF flag is set on the 
negative or positive transition of lOS. Can produce an IIB interrupt 
(see Figure 2). 


AFLAG - AFLAG is a bidirectional 
1/0 pin which can be 
programmed to be an output set high or low under program control, 
or to output the state of the output buffer full flag. AFLAG can also 
be programmed to be an input which selects whether the contents of 
the output buffer, or the contents of the port 6 control status register 
will output on port 6. This feature grants complete port 6 status to 
external devices. 


BFLAG - BFLAG is a bidirectional 
1/0 pin which can be 
programmed to be an output, set high or low under program control, 
or to output the state of the input buffer full flag. BFLAG can also be 
programmed to input an enable signal for port 6. When BFLAG is 
used as an enable input, port 6 output drivers are in the 
high-impedance 
state, and the input latch does not respond to the 
lOS strobe when BFLAG is high. Both features are enabled when 
BFLAG is low. This feature facilitates the use of the 87C453 in 
bused multiprocessor systems. 


CONTROL 
STATUS REGISTER 
The control status register (CSR) establishes the mode of operation 
for port 6 and indicates the current status of port 6 1/0 registers. All 
control status register bits can be read and written by the CPU, 
except bits 0 and 1, which are read only. Reset writes ones to bits 2 
through 7, and writes zeros to bits 0 and 1 (see Table 3). 


CSR.O Input Buffer 
Full Flag (IBF) (Read Only) - The IBF bit is 
set to a logic 1 when port 6 data is loaded into the input buffer under 
control of lOS. This can occur on the negative or positive edge of 
lOS, as determined by CSR.2. When IBF is set, the Interrupt Enable 
Register bit liB (IE.5) is set. The Interrupt Service Routine vector 
address for this interrupt is 002BH. IBF is cleared when the CPU 
reads the input buffer register. 


CSR.1 Output 
Buffer 
Full Flag (OBF) (Read Only) - The OBF flag 


is set to a logic 1 when the CPU writes to the port 6 output data 
buffer. OBF is cleared by the positive or negative edge of ODS, as 
determined by CSR.3. When OBF is cleared, the Interrupt Enable 
Register bit lOB (IE.6) is set. The Interrupt Service Routine vector 
address for this interrupt is 0033H. 


CSR.2 IDS Mode Select (IOSM) - When CSR.2 = 0, a low-to-high 
transition on the lOS pin sets the IBF flag. The Port 6 input buffer is 
loaded on the lOS positive edge. When CSR.2 = 1, a high-to-low 
transition on the lOS pin sets the IBF flag. Port 6 input buffer is 
transparent when IOS is low, and latched when IOS is high. 


CSR.3 Output Buffer 
Full Flag Clear Mode (OBFC) - When 


CSR.3 = 1, the positive edge of the ODS input clears the OBF flag. 
When CSR.3 = 0, the negative edge of the ODS input clears the 
OBFflag. 


CSR.4, CSR.5 AFLAG Mode Select (MAO, MA1) - Bits 4 and 5 
seiect the mode of operation for the AFLAG pin as follows: 


MA1 
MAO 
AFLAG Function 
o 
0 
Logic 0 output 
o 
1 
Logic 1 output 
1 
0 
OBF flag output (CSR.1) 


1 
1 
Select (SEL) input mode 


The select (SEL) input mode is used to determine whether the port 6 
data register or the control status register is output on port 6. When 
the select feature is enabled, the AFLAG input controls the source of 
port 6 output data. A logic 0 on AFLAG input selects the port 6 data 
register, and a logic 1 on AFLAG input selects the control status 
register. 


The value of the AFLAG input is latched into the Auxiliary Register 
(AUXR) bit 1 (AUXR.1). Checking this bit (AF) will allow the 
87C453's program to determine if Port 6 was loaded with data or a 
UPI command. 


CSR.6, CSR.7 BFLAG Mode Select (MBO, MB1) - Bits 6 and 7 
select the mode operation as follows: 


MB1 
MBO 
o 
0 
o 
1 
1 
0 
1 
1 


BFLAG Function 


Logic 0 output 
Logic 1 output 
IBF flag output (CSR.O) 
Port enable (PE) 


In the port enable mode, lOS and ODS inputs are disabled when 
BFLAG input is high. When the BFLAG input is low, the port is 
enabled for 1/0. 


Reduced 
EMI Mode - The on-<:hip clock distribution drivers have 


been identified as the cause of most of the EMI emissions from the 
80C51 family. By tailoring the clock drivers properly, a compromise 
between maximum operating speed and minimai EMI emissions can 
be achieved. Typically, an order in magnitude of reduction is 
possible over previous designs. This feature has been implemented 
on this chip along with the additional capability of turning off the ALE 
output. Setting the AO bit (AUXR.O) in the AUXR special function 
register will disable the ALE output. Reset forces a 0 into AUXR.O to 
enable normal 80C51 type operation. 


Auxiliary 
Register 
(AUXR) 
765 
4 


Latched value of AFLAG when Port 6---lJ 
inputs data from lOS strobe 


o = ALE enabled 
1 = ALE disabled 


REGISTER ADDRESS 
BIT ADDRESS 


Name 
Symbol 
Address 
MSB 
LSB 


Port 4 
P4 
CO 
C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 
Port 5 
P5 
CB 
CF 
CE 
CD 
CC 
CB 
CA 
C9 
CB 
Port 6 data 
P6 
DB 
DF 
DE 
DD 
DC 
DB 
DA 
D9 
DB 
Port 6 control status 
CSR 
EB 
EF 
EE 
ED 
EC 
EB 
EA 
E9 
EB 


Slave address 
SADDR 
A9 


Slave address mask 
SADEN 
B9 


Auxiliary Register 
AUXR 
BE 


Bit7 
I 
Bit6 
BitS 
I 
Bit 4 
Bit3 
Bit2 
Bit 1 
Bit 0 


MB1 
I 
MBO 
MA1 
I 
MAO 
OBFe 
IDSM 
OBF 
IBF 


BFLAG Mode Select 
AFLAG Mode Select 
Output Buffer 
Input Data 
Output Buffer 
Input Buffer 


Flag Clear 
Strobe Mode 
Flag Full 
Flag Full 


Mode 


0/0 = Logic 0 output' 
0/0 = Logic 0 output' 
0= Negative 
0= Positive 
0= Output 
o = Input data 
0/1 = Logic 1 output' 
0/1 = Logic 1 output' 
edgeofOUS 
edgeofTOS 
data buffer 
buffer empty 
1/0 = IBF output 
1/0 = OBF output 
1 = Positive 
1 = Low level 
empty 
1 = Input data 
1/1 = PI:: input 
1/1 = SEL input 
edgeoOUS 
ofTOS 
1 = Output 
buffer full 
(0= Select) 
(0 = Select) 
data buffer full 
(1 = Disable I/O) 
(1 = Control/status) 


NOTE: 
, 
Output-always 
mode: MB1 = 0, MA 1 = 1, and MAO = O.In this mode, port 6 is always enabled for output. OUS only clears the OBF flag. 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 
·C 


-40 to +85 


Storage temperature range 
~to+150 
·C 


Voltage on any other pin to VSS 
-{).5 to +6.5 
V 


Power dissipation (based on package heat transfer limitations, not device power consumption) 
1.5 
W 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 


of this specification is not implied. 
2. 
This product includes circuitry specifically designed for the protection of its intemal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. Voltages are with respect to Vss unless otherwise noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O·C to +70·C or-40·C 
to +85·C, Vcc = 5V±10%, 
Vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYpl 
MAX 
UNIT 


V,L 
Input low voltage; ports 0, 1, 2, 3, 4, 5, 6, lOS, ODS, 
-{).5 
0.2Vc~·1 
V 
AFLAG, BFLAG; except ~ 


V,Ll 
Input low voltage to ~ 
0 
0.2Vc~·3 
V 


V,H 
Input high voltage; except XTAL 1, RST 
0.2Vcc+0.9 
Vcc+0.5 
V 


V,Hl 
Input high voltage; XTAL 1, RST 
O·7Vcc 
Vcc+0.5 
V 


VOL 
Ou1put low voltage; 
ports 1, 2, 3, 4, 5, 6, AFLAG, 
IOL= 1.6mA2 
0.45 
V 
BFLAG 


VOLl 
Output low voltage; port 0, ALE, PSrn 
IOL=3.2mA2 
0.45 
V 


VOH 
Output high voltage; ports 1, 2, 3, 4, 5, 6, AFLAG, 
IOH= --60IlA, 
2.4 
V 
BFLAG 
IOH=-251tA 
0.75Vcc 
V 


IOH=-101tA 
0.9Vcc 
V 


VOHl 
Output high voltage (port 0 in extemal bus mode, ALE, 
IOH= -800ItA, 
2.4 
V 
PSrn)3 
IOH= -3001tA 
0.75VCC 
V 


IOH=-801tA 
0.9Vcc 
V 


I'L 
Logical 0 input current,; ports 1, 2, 3, 4, 5, 6 
V,N = 0.45V 
-50 
ItA 


ITL 
Logical 1-to-0 transition current; ports 1, 2, 3, 4, -S,6 
See note 4 
--650 
ItA 


III 
Input leakage current; port 0 
V,N = V,L or V,H 
±10 
ItA 


Icc 
Power supply current: 
See note 6 


Active mode @ 16MHz5 
11.5 
25 
mA 
Idle mode @ 16MHz5 
1.3 
4 
mA 
Power down mode 
3 
50 
ItA 


RRST 
Intemal reset pull-down resistor 
50 
300 
kQ 


C,O 
Pin capacitance7 - PLCC package 
10 
pF 
NOTES: 
1. Typical ratings are based on a limited number of samples from early manufactUring lots, and not guaranteed. Values are room temp., 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VoLs of ALE and the other ports. The noise is due 
to extemal bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSrn 
to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 
4. 
Pins of ports 1, 2, 3, 4, 5 and 6 source a transition current when they are being extemally driven from 1 to O.The trans~ion current reaches 
its maximum value when V,N is approximately 2V. 


5. 
IccMAX at other frequencies is given by: 
Active mode: IccMAX = 0.94 X FREQ + 13.71 
Idle mode: IccMAX = 0.14 X FREQ +2.31 


where FREQ is the extemal oscillator frequency in MHz. IccMAX is given in mA. See Figure 20. 


6. 
See Figures 21 through 24 for Ic~st 
conditions. 


7. 
C,O applies to ports 1 through 6, IUS, ODS, AFLAG, BFLAG, XTAL 1, XTAL2. 


AC ELECTRICAL 
CHARACTERISTICS 
Tamb= O°Cto +70°C or-40°C 
to +85°C, VCC = 5V ±10%, Vss = OV 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltCLCL 
Oscillator frequency 
3.5 
16 
MHz 


tLHLL 
9 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
9 
Address valid to ALE low 
22 
IcLCL-40 
ns 


tLLAX 
9 
Address hold after ALE low 
32 
IcLcL-30 
ns 


tLLlV 
9 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


tLLPL 
9 
ALE low to J5Srn 
low 
32 
tCLCL-30 
ns 


tPLPH 
9 
J5Srn 
pulse width 
142 
3lcLCL-45 
ns 


tpLiv 
9 
J5Srn 
low to valid instruction in 
82 
3lcLCL-105 
ns 


tPXIX 
9 
Input instruction hold after J5Srn 
0 
0 
ns 


tPXIZ 
9 
Input instruction float after J5Srn 
37 
IcLCL-25 
ns 


tAVIV 
9 
Address to valid instruction in 
207 
5tCLCL-105 
ns 


tpLAZ 
9 
J5Srn 
low to address float 
10 
10 
ns 


Data Memory 


tRLRH 
10,11 
"ROpulse width 
275 
6lcLCL-100 
ns 


tWLWH 
10,11 
WR pulse width 
275 
6tCLCL-100 
ns 


tRLDV 
10,11 
FID low to valid data in 
147 
5tCLCL-165 
ns 


tRHDX 
10,11 
Data hold after FID 
0 
° 
ns 


tRHDZ 
10,11 
Data float after FID 
65 
2tCLCL--€0 
ns 


tLLDV 
10,11 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAvDV 
10,11 
Address to valid data in 
397 
9lcLCL-165 
ns 


tLLwL 
10,11 
ALE low to FID or WR low 
137 
239 
3lcLcL-50 
3lcLcL+50 
ns 


tAvWL 
10,11 
Address valid to WR low or FID low 
122 
4teLCL-130 
ns 


lovwx 
10,11 
Data valid to WR transition 
13 
IcLCL-50 
ns 


tWHOX 
10,11 
Data hold after WR 
13 
IcLCL-50 
ns 


tRLAZ 
10,11 
"ROlow to address float 
0 
0 
ns 


tWHLH 
10,11 
FID or WR high to ALE high 
23 
103 
IcLcL-40 
tCLCL+40 
ns 


Shift Register 


tXLXL 
12 
Serial port clock cycle time 
750 
12tCLCL 
ns 


IovXH 
12 
Output data setup to clock rising edge 
492 
10lcLCL-133 
ns 


tXHOX 
12 
Output data hold after clock rising edge 
8 
2lcLCL-117 
ns 


tXHDX 
12 
Input data hold after clock rising edge 
° 
0 
ns 


tXHDV 
12 
Clock rising edge to input data valid 
492 
10lcLCL-133 
ns 


Port 6 input (input rise and fall times = 5ns) 


tFLFH 
15 
J=>Ewidth 
209 
3tCLCL+20 
ns 


tlLIH 
15 
IDS width 
209 
3lcLCL+20 
ns 


IDV1H 
15 
Dala setup 10IDS high or J=>Ehigh 
0 
0 
ns 


IIHDZ 
15 
Dala hold after IDS high or J=>Ehigh 
30 
30 
ns 


tlvFV 
16 
IDS to BFLAG (IBF) delay 
130 
130 
ns 


I 
16MHzCLOCK 
I 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
r 
MIN 
MAX T 
MIN 
T 
MAX 
UNIT 


Port 6 output 


loLOH 
13 
ODS width 
209 
3lcLCL+20 
ns 


tFVDV 
14 
SEL to data out delay 
85 
85 
ns 


loLDV 
13 
ODS to data oul delay 
80 
80 
ns 


loHDZ 
13 
ODS to data float delay 
35 
35 
ns 


loVFV 
13 
ODS to AFLAG (OBFl delay 
100 
100 
ns 


tFLDV 
13 
PE to data out delay 
120 
120 
ns 


loHFH 
14 
ODS to AFLAG (SELl delay 
100 
100 
ns 


External Clock 


IcHCX 
17 
High time 
20 
20 
ns 


IcLCX 
17 
Low time 
20 
20 
ns 


IcLCH 
17 
Rise time 
20 
20 
ns 


IcHCL 
17 
Fall time 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and "F5SEl\l = 100pF, load capacitance for all other outputs = 80pF. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The first character is always 't' (; time). The other characters, depending on their positions, indicate the 
name of a signal or the logical status of that signal. The designations are: 
A - 
Address 
C - 
Clock 
D - 
Input data 
H - 
Logic level high 
I 
- 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 
P - 
J5SEl'l 
Q - 
Output data 


R - 
RUsignal 
t 
- 
TIme 


V - 
Valid 
W - 
WR: signal 


X - 
No longer a valid logic level 
Z - 
Float 
Examples: 
tAVLL; TIme for address valid to ALE low. 
tLLPL; TIme for ALE low to J5SEl'llow. 


PORT2 
A8-A15 


SUOOO56 


Figure 9. External 
Program 
Memory Read Cycle 


ALE 


tWHLH - 


tLLDV 
-I 


tLLWL 
tRLRH 


tAVLL 
tRLDV - 


tRHDZ 


PORTO 
DATAIN 
AO-A7FROMpeL 
INSTRIN 


OUTPUT 
DATA, 
t 
WAITE 
TO SBUF 


I 
...•1 itXHQX I 
taVXH 
~ 


INPUT 
DATA 
'------t' 


CLEAA 
AI 


I 
IFLFH 


PE(BFLAG) 
'f.... 


I 
IILlH 


IllS 
} 
IIHOZ 
I 
~ 


IOVIH 
J 
PORTS 
/I 


IBF(BFLAG) ----s 
?-------- 


VCc-o·s 
- - 


O.4SV 
O·7VCC 
O.2VCC-O·1 


'cHCL - 
'cLC 


VCc-o 


S=>( 
>C 


o 2VCC+O9 


o 4SV 
.~O_2V_c_C-O 
__ ' 
_ 


TIMING 


REFERENCE 
POINTS 


NOTE: 
AC inputs 
during 
testing 
are driven 
al Vcc 
-0.5 
for a logic ',' 
and O.45V for a logic '0'. 
Timing measurements are made at VIH min for a logic ',' and V1Lmax for a logic '0'. 


NOTE: 


For timing 
purposes, 
a port is no longer 
floating 
when 
a 1QOmV change 
from 


load voltage 
occurs, 
and begins 
to float when 
a l00mV 
change 
from the loaded 


VoWVO-level 
occurs. 
'ot-tfIOl ~ ±2OmA. 


E)( 


(NC) 
XTAl2 
- 


VCC 


CLOCK 
SIGNAL 
XTAL1 


VSS 
IUS 


ODS 


Figure 21. Icc Test Condition, 
Active 
Mode 
All other pins are disconnected 
Figure 22. Icc Test Condition, 
Idle Mode 


All other pins are disconnected 


VCC--O·5 
- 
- 
- 
- 
O.7VCC 


O.45V 
O.2VCC--O.1 


Figure 23. Clock Signal Waveform 
for Icc Tests in Active and Idle Modes 


lcLCH = lcHCL = 5ns 


RST 


- 
E)( 


(NC) 
XTAl2 


XTAL1 
vcc 


vss 
IUS 


ODS 


Figure 24. Icc Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 5.5V 


EPROM CHARACTERISTICS 
The 87C453 is programmed by using a modified Quick-Pulse 
Programming'" 
algorithm. It differs from older methods in the value 
used for Vpp (programming supply voltage) and in the width and 
number of the ALEII'ROG 
pulses. 


The 87C453 contains two signature bytes that can be read and used 
by an EPROM programming system to identify the device. The 
signature bytes identify the device as an 87C453 manufactured by 
Philips Semiconductors. 


Table 4 shows the logic levels for reading the signature byte, and for 
programming the program memory, the encryption table, and the 
lock bits. The circuit configuration and waveforms for quick-pulse 
programming are shown in Figures 25 and 26. Figure 27 shows the 
circuit configuration for normal program memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse programming is shown in 
Figure 26. Note that the 87C453 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to be running is that the 
device is executing internal address and program data transfers. 


The address of the EPROM location to be programmed is applied to 
ports 1 and 2, as shown in Figure 25. The code byte to be 
programmed into that location is applied to port O. RST, l'SEliI and 
pins of ports 2 and 3 specified in Table 4 are held at the 'Program 
Code Data' levels indicated in Table 4. The ALEII'FlOO is pulsed 
low 15 to 25 times, as shown in Figure 26. 


To program the encryption table, repeat the 15 to 25 pulse 
programming sequence for addresses a through 1FH, using the 
'Pgm Encryption Table' levels. Do not forget that after the encryption 
table is programmed, verification cycles will produce only encrypted 
data. 


To program the lock bits, repeat the 15 to 25 pulse programming 
sequence using the 'Pgm Lock Bit' levels. After one lock bit is 
programmed, further programming of the code memory and 
encryption table is disabled. However, the other lock bit can still be 
programmed. 


Note that the tANpp 
pin must not be allowed to go above the 
maximum specified Vpp level for any amount of time. Even a narrow 
glitch above that voltage can cause permanent damage to the 
device. The Vpp source should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 
If lock bit 2 has not been programmed, the on-chip program memory 
can be read out for program verification. The address of the program 
memory locations to be read is applied to ports 1 and 2 as shown in 
Figure 27. The other pins are held at the 'Verify Code Data' levels 
indicated in Table 4. The contents of the address location will be 
emitted on port O. External pull-ups are required on port a for this 
operation. 


If the encryption table has been programmed, the data presented at 
port a will be the exclusive NOR of the program byte with one of the 
encryption bytes. The user will have to know the encryption table 
contents in order to correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 
The signature bytes are read by the same procedure as a normal 
verification of locations 030H and 031 H, except that P3.6 and P3.7 
need to be pulled to a logic low. The values are: 
(030H) = 15H indicates manufactured by Philips 
(031 H) = B9H indicates 87C453 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the conditions listed in Table 4, and 
which satisfies the timing specifications, 
is suitable. 


Erasure 
Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have wavelengths 
in this 


range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. For this and secondary 
effects, 


it is recommended 
that an opaque 
label be placed over the 


window. 
For elevated temperature or environments where solvents 


are being used, apply Kapton tape Fluorglas part number 2345-5, 
or 
equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-seclcm2. 
Exposing the EPROM to an ultraviolet lamp of 12,OOOllW/cm2 
rating 


for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


MODE 
RST 
l'SEliI 
ALEIPROG 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
a 
1 
1 
a 
a 
a 
a 


Program code data 
1 
a 
O· 
Vpp 
1 
a 
1 
1 


Verify code data 
1 
a 
1 
1 
a 
a 
1 
1 


Pgm encryption table 
1 
a 
O· 
Vpp 
1 
a 
1 
a 


Pgm lock bit 1 
1 
a 
O· 
Vpp 
1 
1 
1 
1 


Pgm lock bit 2 
1 
a 
o· 
Vpp 
1 
1 
a 
a 


NOTES: 
1. 'a' = Valid low for that pin, '1' = valid high for that pin. 
2. 
Vpp = 12.75V ±O.25V. 
3. Vcc = 5V ±100/0during programming and verification. 


ALEJF5m:j(j receives 15 to 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 10011s(±1011S)and high 
for a minimum of 1OilS. 


'"Trademark 
phrase of Intel Corporation. 
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Figure 27. Program Verification 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
10 +2rc, VCC = 5V±10%, 
vss = OV (See 
Figure 
2B) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1/tCLCL 
Oscillator 
frequency 
4 
6 
MHz 


IAVGL 
Address 
setup 
to moo low 
4BteLCL 


1GHAX 
Address 
hold 
after moo 
4BteLCL 


IOVGL 
Data 
selup 
10 moo low 
4BteLCL 


1GHOX 
Data 
hold 
after moo 
4BteLCL 


tEHSH 
P2.7 (ENAB[E) 
high 
to Vpp 
4BteLCL 


tSHGL 
Vpp 
setup 
10 moo low 
10 
I1S 


1GHSL 
Vpp 
hold 
after moo 
10 
I1S 


1GLGH 
moo width 
90 
110 
I'S 


IAVQV 
Address 
to data 
valid 
4BteLCL 


IELQZ 
ENliB[E 
low to data 
valid 
48teLCL 


tEHQZ 
Data 
float 
after ENliB[E 
0 
48teLCL 


1GHGL 
moo high 
to f'ROG low 
10 
I'S 


NOTE: 


'* 
FOR PROGRAMMING 
VERIFICATION 
SEE 
FIGURE 
25. 


FOR VERIFICATION 
CONDITIONS 
SEE 
FIGURE 
27. 


Philips 
Semiconductors 


PIN CONFIGURATIONS 


4 
vCC 


P1.1 
PO.OfADO 


PO.l/AD, 


PO.21AD2 


PO.31A03 


PO.41AD4 


PO.5/AD5 


PO.61AD6 


PO.7/A07 


RxD1P3.0 
1 
EJWPP 


AlEll'ROO 


Tm'OIP3.2 
P"Srn 


rnTl1P3.3 
1 
P2.7/A15 


To/P3.4 
1 
P2.61A14 


T11P3.5 
1 
P2.51A13 


WRiP3.6 
1 
P2.4/A12 


RU1P3.7 
1 
P2.3/All 


XTAl2 
1 


XTAL1 
1 
P2.1/A9 


VSS 
P2.OIAB 


SUOOO98 


DESCRIPTION 
The 83C508 and 87C508 (hereafter referred to as 8XC508) 
Single-Chip 8·Bit MicrocDntrolier is manufactured in an advanced 
CMOS process and is a derivative of the 80C51 microcDntrolier 
family. The 8XC508 has the same instruction set as the 80C51. 


This device provides architectural enhancements that make it 
applicable in a variety of applications for general control systems. 
The 8XC508 contains 32k x 8 EPROM memory, the 83C508 
contains 32k x 8 ROM memDry, a volatile 256 x 8 readlwrite data 
memory, four 8-bit I/O ports, two 16·bit timer/event cDunters, a 
multi-sDurce, two-priDrity-level, nested interrupt structure, a 
24-by-16 bit unsigned divide, an enhanced UART and on-chip 
oscillator and timing circuits. For systems that require extra 
capability, the 8XC508 can be expanded using standard TTL 
compatible memories and logic. 


• 80C51 central processing unit 


• 32k x 8 EPROM expandable extemally to 64k bytes 
- 
Quick Pulse programming algorithm 


- Two level program security system 


• 256 x 8 RAM, expandable extemally to 64k bytes 


• Two 16-bit timer/counters 


• Four 8-bit I/O PDrtS 


• Full-duplex enhanced UART 
- 
Framing error detection 
- 
Automatic address recognition 


• Power control modes 
- 
Idle mode 
- 
Power-down mode 


• Once (On Circuit Emulation) Mode 


• Five package styles 


• OTP package available 


• 24-by-16 bit divide 
- 
Requires 4 machine cycles 
- 
24-bit quotient and 16-bit remainder 


• 24-by-16 multiply 
- 
Requires 4 machine cycles 


ROM 
EPROM' 
TEMPERATURE 
RANGE °C AND PACKAGE 
FREQ. 
DRAWING 
(MHz) 
NUMBER 


P83C5081BP N 
P87C5081BP N 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
3.5tD 24 
SOT129-1 


P87C5081BF FA 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package wNJindow 
3.5 to 24 
0590B 


P83C5081BA A 
P87C5081BA A 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
3.5 to 24 
SOT187·2 


P87C5081BK KA 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier wNJindow 
3.5 to 24 
1472A 


P83C5081BB BD 
P87C5081BB BD 
OTP 
o tD +70, 44-Pin Thin Quad Flat Pack 
3.5 to 24 
SOT389-1 


NOTE: 
1. OTP = One Time Programmable 
EPROM. 
UV·= Erasable EPROM. 


CERAMIC 
AND PLASTIC 
LEADED 
CHIP CARRIER 
PIN FUNCTIONS 
PLASTIC 
QUAD 
FLAT PACK 
PIN FUNCTIONS 


17 
29 
11 
23 


'8 
28 
'2 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
function 
Pin 
Function 
Pin 
FunetJon 
, 
NC' 
'6 
P3.4IT0 
3' 
P2.7/A'5 
, 
P'.5 
'6 
Vss 
3' 
PO.61AD6 
2 
P1.0 
'7 
P3.5IT1 
32 
I'Sm 
2 
P'.6 
17 
NC' 
32 
PO.51AD5 
3 
Pl.1 
'8 
P3.6IWIl 
33 
ALEIPROO 
3 
Pl.7 
'8 
P2.CYA8 
33 
PO.41AD4 
4 
P1.2 
,. 
P3.7/RU 
34 
NC' 
4 
RST 
,. 
P2.1/A9 
34 
PO.31AD3 
5 
P1.3 
20 
XTAL2 
35 
~PP 
5 
P3.OIRxD 
2Q 
P2.21A'0 
35 
PO.21AD2 
6 
P1.4 
2' 
XTAL' 
36 
PO.7/AD7 
6 
NC' 
2' 
P2.31A11 
36 
PO.lIAD' 
7 
P1.5 
22 
Vss 
37 
PO.61AD6 
7 
P3.1fTxD 
22 
P2.41A,2 
37 
PO.OIADO 


8 
P1.6 
23 
NC' 
38 
PO.51AD5 
8 
P3.2IJIiml 
23 
P2.5IA13 
38 
Vcc 


9 
PL7 
24 
P2.CYA8 
3. 
PO.41AD4 
9 
P3.3III'ITl 
24 
P2.&'A14 
39 
NC' 


'0 
RST 
25 
P2.lIA9 
40 
PO.31AD3 
'0 
P3.4IT0 
25 
P2.7/A15 
40 
P1.0 


11 
P3.CYRxD 
26 
P2.21A'O 
4' 
PO.21AD2 
11 
P3.5IT1 
26 
I'Sm 
4' 
PL1 
'2 
NC' 
27 
P2.31A" 
42 
PO.lIAD' 
'2 
P3.6IWIl 
27 
ALEIPROG 
42 
P1.2 
'3 
P3. ,lTxD 
28 
P2.41A12 
43 
PO.CYADO 
'3 
P3.7/RU 
28 
NC' 
43 
P.'3 
14 
P3.2IJIiml 
29 
P2.5!A'3 
44 
Vcc 
14 
XTAL2 
29 
~pp 
44 
P1.4 
'5 
P3.3III'ITl 
30 
P2.61A14 
'5 
XTAL1 
30 
PO.7/AD7 


• DO NOT CONNECT 
SU{)()()()2 
• DO NOT CONNECT 


SUOOOO3 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


Vss 
20 
22 
16 
I 
Ground: 
OV reference. 


Vee 
40 
44 
38 
I 
Power Supply: 
This is the power supply voltage for normal, idle, and power-down 


operation. 


PO.Q-O.7 
39--32 
43-36 
37-30 
1/0 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1s written to 
them float and can be used as high-impedance 
inputs. Port 0 is also the multiplexed. 


low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pUll-ups when emitting 1s. Port 0 also outputs the 
code bytes during program verification and receives code bytes during EPROM 
programming. External pUll-ups are required during program verification. 


P1.o-P1.7 
1-8 
2-9 
4Q-44, 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups, except P1.6 and P1.7 
1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the intemal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are extemally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: 
IILl· 


Port 1 also receives the low-order address byte during program memory verification. 


P2.o-P2.7 
21-28 
24-31 
18-25 
110 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 1s 
written to them are pUlled high by the internal pUll-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pUll-ups. (See DC Electrical Characteristics: 
IILl. Port 2 emits the high-order address byte 


during fetches from external program memory and during accesses to extemal data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. Some 
Port 2 pins receive the high order address bits during EPROM programming and 
verification. 


P3.o-P3.7 
10-17 
11, 
5, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s 


13-19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: 
IILl. Port 3 also serves the special features of the 80C51 
family, as listed below: 


10 
11 
5 
I 
RxD (P3.0): Serial input port 
11 
13 
7 
0 
TxD (P3.1): Serial output port 
12 
14 
8 
I 
INTO (P3.2): External interrupt 
13 
15 
9 
I 
rnTf (P3.3): Extemal interrupt 


14 
16 
10 
I 
TO (P3.4): nmer 0 extemal input 


15 
17 
11 
I 
T1 (P3.5): nmer 
1 extemallnput 


16 
18 
12 
0 
WR' (P3.6): Extemal data memory write strobe 


17 
19 
13 
0 
R'O (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an extemal 
capacitor to Vee. 


ALEIPROO 
30 
33 
27 
1/0 
Address 
Latch Enable/Program 
Pulse: Output pulse for latching the low byte of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (PROO) during EPROM programming. 


PSEII 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to externa~SEf{am 
memory. When the 8XC508 is 
executing code from the external program memory, 
is activated twice each machine 
cycle, except that two PSEII activations are skipped during each access to external data 
memory. PSEII is not activated during fetches from internal program memory. 


FANpp 
31 
35 
29 
I 
External 
Access 
EnablelProgramming 
Supply Voltage: EA must be externally held low 


to enable the device to fetch code from external program memory locations OOOOHand 
3FFFH. If EA is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 3FFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. 
If security bit 1 is 


programmed, EA will be internally latched on Reset. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than Vee + 0.5V or Vss - 0.5V, respectively. 


AL 


E1Npp 


RST- 


r------------- 
I 
I 
veel 
--"-"1 


vsslJl 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


--------------l 
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I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
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24x 16 
MULTIPLY 
& 
DIVIDE 
BLOCK 


zOa: 


TIMING 
~ 
~ 
AND 
- 
CONTROL 
~ fa 
~a: 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL. OR ALTERNATIVE 
PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


AUXR# 
Auxiliary 
8EH 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
AO 
xxxxxxxOB 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data Pointer (2 bytes) 


DPH 
Data Pointer High 
83H 
OOH 
DPL 
Data Pointer Low 
82H 
OOH 


FF 
FE 
FD 
FC 
FB 
FA 
F9 
F8 


DMCON" 
Divide/Multiply Control 
F8H 
- 
I 
- 
I 
- 
I 
- 
I OMMOOE I AUTODM I OMSTRT IOMCTRL 
OOH 


DMBO 
Divide/Multiply byte 0 
91H 
OOH 


DMB1 
Divide/Multiply byte 1 
92H 
OOH 


DMB2 
Divide/Multiply byte 2 
93H 
OOH 


DMB3 
Divide/Multiply byte 3 
94H 
OOH 


DMB4 
Divide/Multiply byte 4 
96H 
OOH 


DMOP1 
Divide/Multiply oper- 
95H 
OOH 
and 1 (LSB) 


DMOP2 
DividelMultiply oper- 
97H 
OOH 
and 2 (MSB) 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE" 
Interrupt Enable 
A8H 
EA 
I 
- 
I 
- 
I 
ES 
I 
ET1 
I 
EX1 I 
ETO I 
EXO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP" 
Interrupt Priority 
B8H 
- 
I 
- 
I 
- 
I 
PS 
I 
PT1 
I 
PX1 
I 
PTO I 
PXO 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO" 
PortO 
80H 
AD7 
I 
AD6 
I 
AD5 
I 
AD4 
I 
AD3 
I AD2 I 
AD1 
I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1" 
Port 1 
90H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2" 
Port 2 
AOH 
AD15 I AD14 I AD13 I AD12 I AD11 I AD10 I 
AD9 
I 
AD8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3" 
Port 3 
BOH 
l'ID 
I 
WR 
I 
T1 
I 
TO 
I 
Tfm 
I IfJTO I 
TxD 
I 
RxD 
FFH 


PCON# 
Power Control 
87H 
SMOD1 I SMODO I 
- 
I pOF1 I 
GF1 
I GFO I 
PD 
I 
IDL 
OOxxxxOOB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW" 
Program Status Word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 I 
RSO I 
OV 
I 
- 
I 
P 
OOH 


SADDR# 
Slave Address 
A9H 
OOH 
SADEN# 
Slave Address Mask 
B9H 
OOH 


SBUF 
Serial Data Buffer 
99H 
J(xxxxxxxB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCON" 
Serial Control 
98H 
SMO I 
SM1 
I 
SM2 I 
REN I 
TB8 
I 
RB8 
I 
TI 
I 
RI 
OOH 


SP 
Stack Pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON" 
TImer Control 
88H 
TF1 
I 
TR1 
I 
TFO I 
TRO I 
IE1 
I 
IT1 
I 
IEO 
I 
ITO 
OOH 


THO 
TImer High 0 
8CH 
OOH 


TH1 
TImer High 1 
8DH 
OOH 


TLO 
TImer Low 0 
8AH 
OOH 
TL1 
TImer Low 1 
8BH 
OOH 


TMOD 
TImer Mode 
89H 
GATE I 
CfT 
I 
M1 
I 
MO 
I GATE I 
CfT 
I 
M1 
I 
MO 
OOH 


C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 


SFRs are bit addressable. 
# 
SFRs are modified from or added to the 80C51 SFRs. 


1. 
Reset value depends on reset source. 


ENHANCED 
UART 


The 8XC508 UART has all of the capabilities of the standard 80C51 
UART plus Framing Error Detection and Automatic Address 
Recognition. As in the 80C51, all four modes of operation are 
supported as well as the 9th bit in modes 2 and 3 that can be used 
to facilitate multiprocessor communication. 


The Framing Error Detection allows the UART to look for missing 
stop bits. If a Stop bit is missing, the FE bit in the SCON SFR is set. 
The FE bit can be checked aller each transmission to detect 
communication errors. The FE bit can only be cleared by software 
and is not affected by a valid stop bit. 


Automatic Address Recognition is used to reduce the CPU service 
time for the serial port. The CPU only needs to service the UART 
when it is addressed and, with this done by the on-chip circuitry, the 
need for software overhead is greatly reduced. This mode works 
similar to the 9th bit communication 
mode, except that uses only 8 


bits and the Stop bit is used to cause the RI bit to be set. There are 
two SFRs associated with this mode. They are SADDR, which holds 
the slave address and SAD EN, which contains a mask that allows 
selective masking of the slave address so that broadcast addresses 
can be used. 


HARDWARE 
MULTIPLY/DIVIDE 
UNIT 


The 8XC508 contains a 24-by-16 bit hardware divide unit. The 24 bit 
dividend is stored in special function registers DMB2 - DMBO and 
the divisors are in registers DMOP1 (LSB) and DMOP2 (MSB). A 
division operation returns the 24-bil result in registers DMB2 - 
DMBO and a 16-bit remainder in register DMB3 (LSB) and 
DMB4(MSB). 


The divide unit provides two modes of operation, auto-start and 
flag-eontrolled. Aulo-start mode is enabled by selling the AUTODM 
(auto divide/multiply) 
bit in the DMCON (divide/multiply control) 


register. If auto-start mode is enabled, writing to the divisor 
(DMOP1) will automatically start a division operation and will set the 
DMCTRL (divide/multiply control) and DMSTRT bits in the DMCON 
register. DMCTRL will automatically be cleared by the divide 
hardware when the division operation has been completed. 


Flag controlled operation is initiated by selling the DMCTRL bit in 
the DMCON register which will start the division operation and also 
set the DMSTRT bit. The DMCTRL bit will automatically be cleared 
by the divide hardware when the division operation has been 
completed. DMSTRT can only be cleared by software. 


The hardware divide unit of the 87C508 can also be used to perfonn 
a 24-by-16 bit multiply operation. Multiplication operation is selected 
by the DMMODE bit in the DMCON register (1 = multiply, 
0= divide). The 24-bit multiplicand is stored in the DMB2 - DMBO 
registers. The multiplier is stored in the DMOP1 (LSB) and DMOP2 
(MSB) registers. The 40 bit result of the multiply operation is stored 
in the DMB4 - DMBO registers. Like division, the multiplication can 
be automatically started or software started. Autostart mode is 
enabled by selling the AUTODM bit in the DMCON register. Writing 
a multiplier to the DMOP1 register will automatically start a 
multiplication operation and will set the DMCTRL and DMSTRT bits 
in the DMCON register. DMCTRL will automatically be cleared by 
the multiply hardware when the multiplication operation is complete. 


Flag controlled operation is initiated by selling the DMCTRL bit in 
the DMCON register, which will start the multiplication operation and 
also set the DMSTRT bit. The DMCTRL bit will automatically be 
cleared by the multiply hardware when the multiplication operation 
has been completed. DMSTRT can only be cleared by software. 


POWER 
OFF FLAG 


The Power Off Flag (POF) is set by on-chip circuitry when the Vcc 
level on the 8XC508 rises from 0 to 5V. The POF bit can be set or 
cleared by software allowing a user to determine if the reset is the 
result of a power-on or a wann start aller powerdown. The Vcc level 
must remain above 3V for the POF to remain unaffected by the Vcc 
level. 


OSCILLATOR 
CHARACTERISTICS 


XTAL 1 and XTAL2 are the input and output, respectively, of an 
inverting amplifier. The pins can be configured for use as an on-chip 
oscillator. 


To drive the device from an external clock source, XTAL 1 should be 
driven while XTAL2 is lell unconnected. There are no requirements 
on the duty cycle of the external clock signal, because the inpulto 
the internal clock circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and low times specified in 
the data sheet must be observed. 


Reset 
A reset is accomplished by holding the RST pin high for at least two 
machine cycles (24 oscillator periods), while the oscillator is running. 
To insure a good power-on reset, the RST pin must be high long 
enough to allow the oscillator time to start up (nonnally a few 
milliseconds) plus two machine cycles. At power-on, the voltage on 
Vcc and RST must come up at the same time for a proper start-up. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep while all of the on-chip 
peripherals stay active. The instruction to invoke the idle mode is the 
last instruction executed in the nonnal operating mode before the 
idle mode is activated. The CPU contents, the on-chip RAM, and all 
of the special function registers remain intact during this mode. The 
idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the interrupt service routine 
and continued), or by a hardware reset which starts the processor in 
the same manner as a power-on reset. 


Power-Down 
Mode 


To save even more power, a Power Down mode can be invoked by 
software. In this mode, the oscillator is stopped and the instruction 
that invoked Power Down is the last instruction executed. The 
on-chip RAM and Special Function Registers retain their values until 
the Power Down mode is tenninated. 


On the 8XC508 either a hardware reset or external interrupt can use 
an exit from Power Down. Reset redefines all the SFRs but does not 
change the on-chip RAM. An external interrupt allows both the SFRs 
and the on-chip RAM to retain their values. 


To properly terminate Power Down the reset or external interrupt 
should not be executed before Vcc is restored to its nonnal 
operating level and must be held active long enough for the 
oscillator to restart and stabilize (normally less than 10ms). 


With an external interrupt, INTO and INT1 must be enabled and 
configured as level-sensitive. 
Holding the pin low restarts the 


oscillator but bringing the pin back high completes the exit. Once the 
interrupt is serviced, the next instruction to be executed aller RETI 
will be the one following the instruction that put the device into 
Power Down. 


Design 
Consideration 
• When the idle mode is terminated by a hardware reset, the device 
normally resumes program execution, from where it left off, up to 
two machine cycles before the internal rest algorithm takes 
control. On-chip hardware inhibits access to internal RAM in this 
event, but access to the port pins is not inhibited. To eliminate the 
possibility of an unexpected write when Idle is terminated by reset, 
the instruction following the one that invokes Idle should not be 
one that writes to a port pin or to external memory. 


ONCETM Mode 
The ONCE ("On-Circuit Emulation") Mode facilitates testing and 
debugging of systems using the 8XC508 without the 8XC508 having 
to be removed from the circuit. The ONCE Mode is invoked by: 
1. 
Pull ALE low while the device is in reset and 'PSEIiI is high; 


2. 
Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 0 pins go into a float 
state, and the other port pins and ALE and 'PSEIiI are weakly pulled 
high. The oscillator circuit remains active. While the 8XC508 is in 
this mode, an emulator or test CPU can be used to drive the circuit. 
Normal operation is restored when a normal reset is applied. 


PROGRAM 


MODE 
MEMORY 
ALE 
'PSEIiI 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


PARAMETER 
. 
RATING 
UNIT 


Operating temperature under bias 
o to +70 
°C 


Storage temperature range 
-65 to +150 
°C 


Voltage on FANpp pin to Vss 
Oto +13.0 
V 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Maximum IOLper 1/0 pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not 
1.5 
W 
device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= OOGto +70oG, VCC = 5V ±10%, VSS = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typ1 
MAX 
UNIT 


V1L 
Input low voltage, except EA 
-0.5 
0.2VcC-O·1 
V 


V1L1 
Input low voltage to EA 
0 
0.2VcC-O·3 
V 


V1H 
Input high voltage 
0.7Vcc 
Vcc+0.5 
V 


VOL 
Output low voltage, ports 1, 2, 38 
IOL= 1.6mAz 
0.45 
V 


VOL1 
Output low voltage, port 0, ALE, ~ 
IOL= 3.2mAz 
0.45 
V 


VOH 
Output high voltage, ports 1, 2, 3, ALE, J5SEIiI3 
IOH=-30~A 
Vcc-0.7 
V 


VOH1 
Output high voltage (port 0 in external bus mode), 
IOH=-3.2mA 
Vcc - 0.7 
V 
ALE9, J5SEIiI3 


IlL 
Logical 0 input current, ports 1, 2, 3 
V1N= 0.45V 
-50 
~ 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3 
See note 4 
-650 
~ 


III 
Input leakage current, port 0 
0.45 VIN < VCC- 0.3 
±10 
~ 


Icc 
Power supply current: 
See note 6 
Active mode @ 16MHz5 
15 
32 
mA 
Idle mode @ 16MHz 
3 
5 
mA 
Power-down mode 
10 
50 
~ 


RRST 
Internal reset pull-down resistor 
50 
225 
kU 


CIO 
Pin capacitance 10 (except EA) 
15 
pF 


NOTES: 
. 


1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and J5SEiJ to momentarily fall below the 0.9V CCspecification when the 
address bits are stabilizing. 
4. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 


5. 
ICCMAXat other frequencies is given by: Active mode: ICCMAX= 1.50 x FREQ + 8: Idle mode: ICCMAX= 0.14 x FREQ +2.31, 
where FREQ is the external oscillator frequency in MHz. ICCMAXis given in mA. See Figure 8. 


6. 
See Figures 9 through 12 for Icc test conditions. 


7. 
Load capacitance for port 0, ALE, and J5SEiJ = 100pF, load capacitance for all other outputs = 80pF. 
8. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 


Maximum IOLper port pin: 
15mA ('NOTE: This is 85°C specification.) 


Maximum IOLper 8-bit port: 
26mA 


Maximum totallOL for all outputs: 
71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 
9. 
ALE is tested to VOH1,except when ALE is off then VOH is the voltage specification. 


10. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF (except EA is 25pF). 


AC ELECTRICAL 
CHARACTERISTICS 
Tamb= O°C to +70°C, vcc = 5V ±10%, vss = OV1,2, 3 


24MHzCLOCK 
VARIABLE 
CLOCK4 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1!tcLCL 
1 
Oscillator frequency 
3.5 
24 
MHz 


Speed versions 
:1 
3.5 
24 
MHz 


tLHLL 
1 
ALE pulse width 
43 
2lcLCL-40 
ns 


tAVLL 
1 
Address valid to ALE low 
17 
lcLCL-25 
ns 


tLLAX 
1 
Address hold after ALE low 
17 
lcLCL-25 
ns 


tLLIV 
1 
ALE low to valid instruction in 
102 
4lcLCL~5 
ns 


tLLPL 
1 
ALE low to I'SEf\Ilow 
17 
lcLCL-25 
ns 


tpLPH 
1 
I'SEf\I pulse width 
80 
3lcLCL-45 
ns 


tpLiV 
1 
I'SEf\Ilow 
to valid instruction in 
65 
3lcLCL~0 
ns 


tPXIX 
1 
Input instruction hold after I'SEf\I 
0 
0 
ns 


tPXIZ 
1 
Input instruction float after I'SEf\I 
17 
lcLCL-25 
ns 


tAVIV 
1 
Address to valid instruction in 
128 
5lcLCL-80 
ns 


tpLAZ 
1 
I'SEf\Ilow 
to address float 
10 
10 
ns 


Data Memory 


tRLRH 
2,3 
l'lU pulse width 
150 
6lcLCL-100 
ns 


tWLWH 
2,3 
WR pulse width 
150 
6lcLCL-100 
ns 


tRLDV 
2,3 
l'lU low to valid data in 
118 
5lcLCL-90 
ns 


tRHDX 
2,3 
Dala hold after l'lU 
0 
0 
ns 


tRHDZ 
2,3 
Data float after l'lU 
55 
2lcLCL-28 
ns 


ILLDV 
2,3 
ALE low 10 valid data in 
183 
8lcLCL-150 
ns 


tAVDV 
2,3 
Address 10 valid data in 
210 
9lcLCL-165 
ns 


tLLWL 
2,3 
ALE low 10 l'lU or WR low 
75 
175 
3lcLCL-50 
3lcLCL+50 
ns 


tAvwL 
2,3 
Address valid 10 WR low or l'lU low 
92 
4lcLCL-75 
ns 


tavwx 
2,3 
Dala valid to WR transition 
12 
lcLCL--30 
ns 


tWHQX 
2,3 
Data hold after WR 
17 
lcLCL-25 
ns 


tavwH 
3 
Data valid 10 WR high 
162 
7lcLCL-130 
ns 


tRLAZ 
2,3 
l'lU low 10 address float 
0 
0 
ns 


tWHLH 
2,3 
l'lU or WR high to ALE high 
17 
67 
lcLCL-25 
lcLCL+25 
ns 


External 
Clock 


ICHCX 
5 
High lime 
17 
10 
lcLCL-lcLCX 
ns 


lcLCX 
5 
Low time 
17 
10 
lcLCL-lcHCX 
ns 


lcLCH 
5 
Rise time 
5 
5 
ns 


lcHCL 
5 
Fall time 
5 
5 
ns 


Shift Register 


tXLXL 
4 
Serial port clock cycle lime 
505 
12lcLCL 
ns 


taVXH 
4 
Outpul dala selup 10 clock rising edge 
283 
1OlcLCL-133 
ns 


IXHQX 
4 
Output data hold after clock rising edge 
3 
2lcLCL-80 
ns 


IXHDX 
4 
Inpul dala hold after clock rising edge 
0 
0 
ns 


tXHDV 
4 
Clock rising edge to input data valid 
283 
1OlcLCL-133 
ns 


NOTES: 
1. 
Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and I'SEf\I = 100pF, load capacitance for all other oulputs = 80pF. 
3. 
Interfacing the 8XC508 to devices wilh float times up 10 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 


4. 
Variable clock is spcified for oscillator frequencies greater than 3.5MHz to 24M Hz for "I" version. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The first character is always 
't' (~time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. The 
designations are: 
A - 
Address 
C- 
Clock 
D - 
Input data 
H - 
Logic level high 
I - 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 


P - "F'Srn 
Q - 
Output data 
R- 
mJsignal 
t 
- Time 
V - 
Valid 
W- 
WRsignal 


X - 
No longer a valid logic level 
Z - 
Float 
Examples: 
tAvLL ~ Time for address valid to ALE low. 
tLLPL ~Time for ALE low to "F'Srn low. 


I 
-+11- tXHQX 
taVXH ~I 


INPUT 
DATA 
'-------t' 


CLEAR 
AI 


VeC-<>·5 
- 
- 
- 
- 


D·7Vee 
D.45V 
D.2VeC-<>.1 


50 


45 


40 


35 


30 


ICCrnA 
25 


20 


15 


10 


VCC-<>5 =x 
>C 
o 2VCC+O 
9 


o 45V 
._0_2V_C_c-<> 
__ 
, 
_ 


NOTE: 
AC inputs 
during 
testing 
are driven 
at Vcc 
-0.5 
for a logic '1' and OASV for a logic '0'. 


TIming 
measurements 
are 
made 
al VIH min 
for a logic 
'1' and 
VIL max 
for a logic 
'0'. 


nMING 


REFERENCE 


POINTS 


NOTE: 


For timing 
purposes, 
a port 
is no longer 
floaling 
when 
a 100rnV 
change 
from 
load 
voltage 
occurs, 
and 
begins 
10 floal 
when 
a l00mV 
change 
from 
the loaded 
VoWVOllevel 
occurs. 
1()H!10l ~ ±20mA. 


Figure 9. Icc Test Condition, 
Active Mode 
All other pins are disconnected 
Figure 10. Icc Test Condition, 
Idle Mode 


All other pins are disconnected 


Vc~·S 
- 
- 
-- 
o.7Vcc 


O.45V 
O.2VC~.1 


Figure 11. Clock Signal Waveform 
for Icc Tests in Active and Idle Modes 


lcLCH = lcHCL = 5ns 


PO 


8XCS08 
EJ\ 


Figure 12. lee Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vce = 2V to 5.5V 


EPROM CHARACTERISTICS 
The 87C508 is programmed by using a modified Quick-Pulse 
Programming'" 
algorithm. It differs from older methods in the value 


used for Vpp (programming supply voltage) and in the width and 
number of the ALEII'ROO 
pulses. 


The 87C508 contains two signature bytes that can be read and used 
by an EPROM programming system to identify the device. The 
signature bytes identify the device as an 87C508 manufactured by 
Philips. 


Table 3 shows the logic levels for reading the signature byte, and for 
programming the program memory, the encryption table, and the 
security bits. The circuit configuration and waveforms for quick-pulse 
programming are shown in Figures 13 and 14. Figure 15 shows the 
circuit configuration for normal program memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller 
quick-pulse programming is shown in 


Figure 13. Note that the 87C508 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to be running is that the 
device is executing internal address and program data transfers. 


The address of the EPROM location to be programmed is applied to 
ports 1 and 2, as shown in Figure 13. The code byte to be 
programmed into that location is applied to port O. RST, 'F'SEIiI and 
pins of ports 2 and 3 specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The ALEII'ROO 
is pulsed 


low 25 times as shown in Figure 14. 


To program the encryption table, repeat the 25 pulse programming 
sequence for addresses 0 through 1FH, using the 'Pgm Encryption 
Table' levels. Do not forget that after the encryption table is 
programmed, verification cycles will produce only encrypted data. 


To program the security bits, repeat the 25 pulse programming 
sequence using the 'Pgm Security Bit' levels. After one security bit is 
programmed, further programming of the code memory and 
encryption table is disabled. However, the other security bit can still 
be programmed. 


Note that the 'CANpp pin must not be allowed to go above the 
maximum specified Vpp level for any amount of time. Even a narrow 
glitch above that voltage can cause permanent damage to the 
device. The Vpp source should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 
If security bit 2 has not been programmed, the on-chip program 
memory can be read out for program verification. The address of the 
program memory locations to be read is applied to ports 1 and 2 as 
shown in Figure 15. The other pins are held at the 'Verify Code Data' 
levels indicated in Table 3. The contents of the address location will 
be emitted on port O. External pull-ups are required on port 0 for this 
operation. 


If the encryption table has been programmed, the data presented at 
port 0 will be the exclusive NOR of the program byte with one of the 
encryption bytes. The user will have to know the encryption table 
contents in order to correctiy decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 
The signature bytes are read by the same procedure as a normal 
verification of locations 030H and 031 H, except that P3.6 and P3.7 
need to be pulled to a logic low. The values are: 
(030H) = 
15H indicates manufactured by Philips 


(031 H) = 
BDH indicates 87C508 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the conditions listed in Table 3, and 
which satisfies the timing specifications, 
is suitable. 


Erasure 
Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 
4,000 angstroms. 


Since sunlight and fluorescent lighting have wavelengths 
in this 
range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. For this and secondary 
effects, 


it is recommended 
that an opaque 
label be placed over the 


window. 
For elevated temperature or environments where solvents 


are being used, apply Kapton tape Fluorglas part number 2345-5, 
or 


equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-slcm2. 
Exposing the EPROM to an ultraviolet lamp of 12,000l1W/cm2 rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
PSER 
AL~ 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 
P3.3 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 
0 


Program code data 
1 
0 
O· 
Vpp 
1 
0 
1 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 
0 


Pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 
1 


Pgm security bit 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 
1 


Pgm security bit 2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 
1 


NOTES: 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V ±O.25V. 
3. 
Vcc = 5V±100/0during programming and verification. 
• 
ALEII'ROO 
receives 5 programming pulses (only for user array; 25 pulses for encryption or security bits) while Vpp is held at 12.75V. 


Each programming pulse is low for 100l1s (±10l1s) and high for a minimum of 10119. 


PROGRAM LOCK BITS1,2 


SB1 
SB2 
PROTECTION 
DESCRIPTION 


1 
U 
U 
No Program Security features enabled. (Code verify will still be encrypted by the Encryption Array if 
programmed.) 


2 
P 
U 
MOVC instructions executed from extemal program memory are disabled from fetching code bytes from 
internal memory, E}I; is sampled and latched on Reset, and further programming of the EPROM is disabled. 


3 
P 
P 
Same as 2, also verify is disabled. 


NOTES: 
1. 
P - programmed. U - unprogrammed. 
2. Any other combination of the security bits is not defined. 


ROM CODE SUBMISSION 
When submitting ROM code for the B3C50B, the following must be specified: 
1. 
16k byte user ROM data 


2. 
32 byte ROM encryption key 


3. 
ROM security bits. 


ADDRESS 
CONTENT 
BIT(S) 
COMMENT 


OOOOHto 7FFFH 
DATA 
7:0 
User ROM Data 


BOOOHto B01FH 
KEY 
7:0 
ROM Encryption Key 
FFH = no encryption 


B020H 
SEC 
0 
ROM Security Bit 1 
o = enable security 
1 = disable security 


B020H 
SEe 
1 
ROM Security Bit 2 
o = enable security 
1 = disable security 


Security 
Bit1 : When programmed, this bit has two effects on masked ROM parts: 
1. Extemal MOVC is disabled, and 
2. E}I; is latched on Reset. 


Security 
Bit 2: When programmed, this bit inhibits Verify User ROM. 


If the file does not include the options, the following information must be included with the ROM code. 


for each of the following, check the appropriate state and send to Philips along with the code: 


Security Bit #1: 


Security Bit #2: 


Encryption: 


o Enabled 
o Enabled 
o No 


o Disabled 
o Disabled 


P' 
vcc 


PO 


RST 


P3.6 
Empp 


P3.7 
ALEII'ROO 


P3.3 
87C508 
l'SEfl 


XTAL2 
P2.7 


P2.6 


XTAll 
P2.o-P2.5 


vSS 
P3.4 


~ 
'~sMIN -1 1··----lOOJ1s±10 ----~·l 


o I'-- 
----"n~ 
n~ 


VCC 


P' 
PO 


RST 
Empp 


P3.6 
Al.EII'ROO 
P3.7 
87CS08 
l'SEfl 
P3.3 


XTAL2 
P2.7 


P2.6 


XTAL' 
P2.o-P2.5 


VSS 
P3.' 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb; 21°C 
to +2rc, VCC; 
5V±10%, 
VSS; 
OV (See 
Figure 
16) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1ltCLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup 
to moo low 
48teLCL 


tGHAX 
Address 
hold 
after moo 
48teLCL 


tDVGL 
Data 
setup 
to moo low 
48teLCL 


tGHDX 
Data 
hold 
after moo 
48teLCL 


tEHSH 
P2.7 (ENASCE) 
high 
to Vpp 
48teLCL 


tSHGL 
Vpp 
setup 
to moo low 
10 
~s 


!(;HSL 
Vpp 
hold 
after moo 
10 
~s 


l<>LGH 
moo width 
90 
110 
~s 


tAVQV 
Address 
to data 
valid 
48teLCL 


tELQZ 
ElIIABLE low to data 
valid 
~ 
48teLCL 


tEHQZ 
Data 
float 
after ElIIABLE 
0 
48teLCL 


!(;HGL 
moo high 
to moo low 
10 
~s 


P1.D-P1.7 
P2.o-P2.5 
P3.4 


PROGRAMMING' 


ADDRESS 


NOTE: 


FOR PROGRAMMINGVERIFICATIONSEE FIGURE 13. 
FOR VERIFICATIONCONDITIONSSEE FIGURE 15. 


Philips Semiconductors 


FEATURES 


• 80C51 CPU 


• 16 kbytes on-chip ROM, expandable 
ex1ernally to 64 kbytes Program Memory 
address space 


.512 
bytes on-chip RAM, expandable 
ex1ernally to 64 kbytes Data Memory 
address space 


• Four 8-bit 1/0 ports 


• Full-duplex UART compatible with the 
standard 80C51 and the 8052 


• Two standard 16-bit timerlcounters 


• An additional 16-bit timer (functionally 
equivalent to the timer 2 of the 8052) 


• On-chip Watchdog Timer (WDT) with a 
separate on-chip oscillator 


• Bit-Jevel 12C-bushardware serial 1/0 Port 


• 7-source and 7-vector interrupt structure 


with 2 prioirty Jevels 


• Up to 3 ex1emal interrupt request inputs 


• Two programmable power reduction modes 
(Idle and Power-down) 


• Termination of Idle mode by any interrupt, 
external or WDT (watchdog) reset 


• Wake-up from Power-down by external 


interrupt, external or WDT reset 


• ROM code protection 


• XTAL frequency range: 1.2MHz to 16MHz 


• All packaging pin-outs fully compatible to 


the standard 8051/8052. 


GENERAL 
DESCRIPTION 
The P83C524 8-bit microcontroller is 
manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The P83C524 is a 
stand-alone high-performance 
microcontroller 
designed for use in real time applications 
such as instrumentation, 
industrial control, 
medium to high-end consumer applications 
and specific automotive control applications. 


The P83C524 contains a non-volatile 16K x 8 
read-only program memory, a volatile 512 x 8 
readlwrite data memory, four 8-bit 1/0 ports, 
two 16-bit timerlevent counters (identical to 
the timers of the 80C51), a 16-bittimer 
(identical to the timer 2 of the 8052), a 
multi-source, two-priority-Ievel, nested 
interrupt structure, two serial interfaces 
(UART and bit-leveI12C-bus), an on-chip 
oscillator and timing circuits, a watchdog 
timer (WDT) with a separate on-Chip 
oscillator. For systems that require ex1ra 
capability, the P83C524 can be expanded 
using standard TTL compatible memories 
and logic. 


The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The P83C524 has the same instruction set 
as the PCB80C51 which consists of over 
100 instructions: 49 one-byte, 46 two-byte 
and 16 three-byte. With a 16MHz crystal, 
58% of the instructions are executed in 
750ns and 40% in 1.5I's. Multiply and divide 
instructions require 31'S. 


EXTENDED TYPE 
PACKAGE 
TEMPERATURE 
FREQUENCY 
NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 
RANGE ("C) 
(MHZ) 


ROM (Note 1) 


P83C524FBP 
40 
DIL 
plastic 
sOT129-1 
o to +70 
1.2to 16 


P83C524FFP 
40 
DIL 
plastic 
sOT129-1 
-40 to +85 
1.2 to 16 


P83C524FHP 
40 
DIL 
plastic 
sOT129-1 
-40 to +125 
1.2to 16 


P83C524FBA 
44 
PLCC 
plastic 
sOT187-2 
Oto +70 
1.2to 16 


P83C524FFA 
44 
PLCC 
plastic 
50T187-2 
-40 to +85 
1.2to 16 


P83C524FHA 
44 
PLCC 
plastic 
sOT187-2 
-40 to +125 
1.2t016 


COUNTERS 
,---'-----, 


TO 
Tl 


0- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 


,1Irnl, rnTf, 


EXTERNAL 
INTERRUPTS 


PARALLEL 
PORTS, 


ADDRESSIDATA 
BUS 
AND VOPINS 


VDD 


PO.OIAOO 


PO.l/AD1 


PO.21AD2 


PO.31AD3 


POA/AD4 


PO.51AD5 


PO.61AD6 


PO.7/AD7 
g; 


ALE 


I'SEIl 


P2.7/A15 


P2.61A14 


P2.51A13 


P2.41A12 


P2.31Al1 


XTAl2 
P2.21Al0 


XTALl 
P2.1/A9 


P2.0/A8 


P1.61SCL 
8 


P1.7/SDA 


RST 


P3.O/RXD/data 
11 


NC· 


P3.1lTXD/ctock 


P3.2IIIrrO 


P3.3I11'IT1 


P3.4fTO 
1 


P3.5ITl 
1 


Figure 2. Pin Configuration: 
40-lead OIL; (S0T129-1) 


xw 
8 
Ei g 8 


"': ~ "! ~ ~ u 
0 ~ ~ ~ ~ 


0: 
0: 0: 
0: 0: 
0 ~ ci 
ci 
ci 
z > 
c. 
c. 
c. 


PLASTIC 
LEADED CHIP 
CARRIER 


1 
1 
21 
2 
2 
2 
2 
2 


Ia: 10 ~ 


~ 


Ul 
• ~ 


0> 
0 :: '" 
UlU 
~ ~ 
~ 
~ ~ ~ 


> z 
~ 
:r 
c. 
~ ~ ~ ~ ~ 


Figure 3. Pin Configuration: 


44-lead PLCC; (S0T187-2) 


PO.4/AD4 


PO.51AD5 


PO.61AD6 


PO.7/AD7 
g; 


NC· 


ALE 


I'SEIl 


P2.7/A15 


P2.61A14 


P2.51A13 


PIN NO. 


MNEMONIC 
DIP 
PLCC 
TYPE 
NAME AND FUNCTION 


Pl.D-Pl.7 
1-8 
2-9 
I/O 
Port 1: 8-bit quasi-bidirectional 
I/O port. Port 1 can sink/source one TIL 
(4 LS TIL) 
input. It can 
(1 NC) 
drive CMOS inputs without external pull-ups, except Pl.6 and Pl.7 which have open drain outputs. 


Port 1 alternative 
functions: 


1 
2 
I 
T2 (Pl.0): 
TImer/event counter 2 external event counter input (falling edge triggered). 


2 
3 
I 
T2EX (Pl.l): 
TImer/event counter 2 capture/reload trigger or external interrupt 2 input (falling edge 


triggered) 


7 
8 
I/O 
SCL (Pl.6): 
12C serial port clock line. 


8 
9 
I/O 
SDA (Pl.7): 
12C serial port data line. 


RST 
9 
10 
I/O 
Reset: A HIGH level on this pin for two machine cycles while tihe oscillator is running, resets the 
device. An internal pUll-down resistor permits power-on reset using only a capacitor connected to 
Voo. After a WDT overflow, tihis pin is pUlled HIGH while tihe internal reset signal is active. 


P3.D-P3.7 
lD-17 
11, 
I/O 
Port 3: 8-bit quasi-bidirectional 
I/O port with internal pUll-ups. Port 3 can sink/source one TIL 
(=4 


13--19 
LS TIL) 
input. It can drive CMOS inputs without external pUll-ups. 


(12NC) 


Port 3 alternative 
functions: 


10 
11 
I 
RxD/data (P3.0): Serial Port data input (asynchonous) or data input/output (synchronous). 


11 
13 
0 
TxD/clock 
(P3.1): Serial Port data output (asynchronous) or clock output (synchronous). 


12 
14 
I 
IflTil (P3.2): External interrupt 0 or gate control input for timer/event counter O. 


13 
15 
I 
mTl (P3.3): External interrupt 1 or gate control input for timer/event counter 1. 


14 
16 
I 
TO (P3.4): External input for timer/event counter O. 
15 
17 
I 
T1 (P3.5): External input for timer/event counter 1. 
16 
18 
0 
WR (P3.6): External data memory write strobe. 


17 
19 
0 
AD (P3.7): External data memory read strobe. 


The generation or use of a Port 3 pin as an alternative function is carried out automatically 
by tihe 


P83C524 provided the associated Special Function Register (SFR) bit is set HIGH. 


XTAL2 
18 
20 
0 
Crystal 
input 2: Output of the inverting amplifier tihat forms tihe oscillator. This pin left open-circuit 


when an external oscillator clock is used. 


XTALl 
19 
21 
I 
Crystal 
input 1: Input to the inverting amplifier that forms the oscillator, and input to the internal 


clock generator. Receives the external oscillator clock signal when an external oscillator is used. 


Vss 
20 
22 
I 
Ground: 
Circuit ground potential. 


P2.D-P2.7 
21-28 
24-31 
tlO 
Port 2: 8-bit quasi-bidirectional 
I/O port witih internal pUll-Ups. During access to external memories 
(ABtoA15) 
(23NC) 
(RAM/ROM) that use 16-bit addresses (MOVX @DPTR) Port 2 emits tihe high-order address byte 
(AB to A15). Port 2 can sink/source one TTL (=4 LS TTL) input. It can drive CMOS inputs without 
external pUll-Ups. 


l'SEN 
29 
32 
0 
Program 
Store Enable output: 
Read strobe to external program memory via Port 0 and Port 2. It 


is activated twice each machine cycle during fetches from extpsElfrogram 
memory. When 


executing out of external program memory two activations of 
are skipped during each 


access to external data mepS~ 
l'SEN 
is not activated (remains HIGH) during fetches from 


external program memory. 
can sink source B LS TTL inputs. It can drive CMOS inputs 
witihout external pUll-Ups. 


ALE 
30 
33 
I/O 
Address 
Latch Enable output: 
Latches the LOW byte of tihe address during access to external 


memory in normal operation. It is activated every six oscillator periods except during an external 
data memory access. ALE can sink/source B LS TTL inputs. It can drive CMOS inputs without an 
external pull-up. 


EA 
31 
35 
I 
External 
Access 
input: When during RESET, EA is held at a TTL HIGH level, tihe CPU executes 
(34NC) 
out of tihe internal program ROM, provided the program counter is less tihan 32768. When EA is 
held at a TTL LOW level during RESET, tihe CPU executes out of external program memory via 
Port 0 and Port 2. EA is not allowed to float. 


PO.D-O.7 
32-39 
36-43 
I/O 
Port 0: B-bit open drain bidirectional I/O Port. It is also the multiplexed low-order address and data 
(ADO to 
bus during accesses to external memory (ADO to AD7). During these accesses internal pUll-Ups are 
AD7) 
activated. Port 0 can sink/source B LS TTL inputs. 


Voo 
40 
44 
I 
Power Supply: 
+5V power supply pin during normal operation, Idle mode and Power-down mode. 


To avoid a "latch-up" effect at power-on, tihe voltage on any pin (at any time) must not be higher 
tihan Voo +0.5V or lower than Vss -Q.5V respectively. 


NC 
- 
1,12, 
- 
No connection (PLCC only). 
23,34 


DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
SYMBOL 
ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


6" 
6 register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer (2 bytes): 


DPH 
Data pointer high 
83H 
OOH 
DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
A6 
AA 
A9 
A8 


IE"# 
Interrupt enable 
A8H 
EA 
I ES1 I 
ET2 
ESO 
En 
I 
EX1 
ETO I 
EXO 
OOH 


6F 
6E 
6D 
6C 
66 
6A 
69 
68 


IP"# 
Interrupt priority 
68H 
- 
I PS1 I 
PT2 
PSO 
PT1 
I 
PX1 
PTO I 
PXO 
xOOOOOO06 


87 
86 
85 
84 
83 
82 
81 
80 


PO" 
PortO 
80H 
AD7 I AD6 
I 
AD5 
AD4 
AD3 
I 
AD2 
AD1 
I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1' 
Port 1 
90H 
SDA I SCL 
I 
- 
- 
- 
I 
- 
T2EX I 
T2 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2" 
Port 2 
AOH 
A15 I A14 
I 
A13 
A12 
A11 
I 
A10 
A9 
I 
A8 
FFH 


67 
66 
65 
64 
63 
62 
61 
60 


P3" 
Port 3 
60H 
RD 
WR 
I 
T1 
I 
TO 
INT1 I 
INTO 
TxD 
I 
RxD 
FFH 


PCON 
Power control 
87H 
SMOD I 
- 
I 
- 
I 
- 
GF1 
I 
GFO 
PD 
I 
IDL 
OxxxOOO06 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW" 
Program status word 
DOH 
CY 
AC 
I 
FO 
I 
RS1 
RSO I 
OV 
F1 
I 
P 
OOH 


RCAP2H# 
Capture high 
C6H 
OOH 
RCAP2L# 
Capture low 
CAH 
OOH 
S6UF 
Serial data buffer 
99H 
xxxxxxxx6 


9F 
9E 
9D 
9C 
96 
9A 
99 
98 


SCON" 
Serial controller 
98H 
SMO 
SM1 
SM2 
REN 
T68 
R68 
TI 
RI 
OOH 


S161T# 
Serial12C data 
D9H/RD 
SDI 
0 
0 
0 
0 
0 
0 
0 
xOOOOOO06 


WR 
SDO 
X 
X 
X 
X 
X 
X 
X 
Oxxxxxxx6 


S1INT# 
Serial 12C interrupt 
DAH 
INT 
X 
X 
X 
X 
X 
X 
X 
Oxxxxxxx6 


DF 
DE 
DD 
DC 
D6 
DA 
D9 
D8 


S1SCS'# 
Serial 12C control 
D8H/RD 
SDI 
SCI 
I 
CLH 
I 
66 
R6F 
I 
W6F 
STR 
I 
ENS 
xxxxOOO06 


WR 
SDO 
SCO 
CLH 
I 
X 
X 
I 
X 
I 
STR 
I 
ENS 
00xxxx006 


SP 
Stack pointer 
81H 
07H 


8F 
8E 
8D 
8C 
86 
BA 
89 
BB 


TCON" 
TImer control 
BBH 
TF1 
TR1 
TFO 
I 
TRO 
IE1 
In 
I 
IEO 
ITO 
OOH 


CF 
CE 
CD 
CC 
C6 
CA 
C9 
C8 


T2CON"# 
TImer 2 control 
C8H 
TF2 
EXF2 
RCLK I TCLK 
EXEN2 
TR2 
I 
CIT2 
CP/RL2 
OOH 


THO 
Timer high 0 
8CH 
OOH 
TH1 
TImer high 1 
BDH 
OOH 


TH2# 
TImer high 2 
CDH 
OOH 
TLO 
TImer low 0 
8AH 
OOH 
TL1 
TImer low 1 
B6H 
OOH 
TL2# 
TImerlow2 
CCH 
OOH 
T3# 
Watchdog timer 
FFH 
OOH 


TMOD 
TImer mode 
B9H 
GATE 
CIT 
I 
M1 
I 
MO 
I GATE I 
CIT 
I 
M1 
MO 
OOH 


WDCON# 
Watchdog control 
A5H 
A5H 


INSTRUCTION 
ACCESS TO INTERNAL 
ACCESS TO EXTERNAL 


PROGRAM MEMORY 
PROGRAM MEMORY 


MOVC in internal program memory 
YES 
YES 


MOVC in external program memory 
NO 
YES 


PROGRAM 
MEMORY 
The program memory address space of the 
P83C524 comprises an internal and an 
extemal memory portion. The P83C524 has 
16 kbyte of usable program memory o~hip. 
The program memory can be externally 
expanded up to 64 kbyte. If the Ell: pin is held 
HIGH during RESET, the P83C524 executes 
out of the internal program memory unless 
the address exceeds 32767 (notice: Only 
address 0 to 16383 of the internal program 
memory can be used). Locations 32768 
through 64K are then fetched from the 
external program memory. If the Ell: pin is 
held LOW during RESET, the P83C524 
fetches all instructions from the external 
program memory. Figure 4 illustrates the 
program memory address space. 


ROM CODE PROTECTION 
By setting a mask programmable security bit, 
the ROM content in the 83C524 is protected, 
i.e., it cannot be read out by any test mode or 
by any instruction in the external program 
memory space. The MOVC instructions are 
the only ones which have access to program 
code in the internal or external program 
memory. The Ell: input is latched during 
RESET and is 'don't care' after RESET (also 


Internal 
not useable 


(EA= 
1) 


Internal 
useable 
(EA= 
') 


'------- --v-- 


Program Memory 


if security bit is not set). This implementation 
prevents reading from internal program code 
by switching from external program memory 
to internal program memory during MOVC 
instruction or an instruction that handles 
immediate data. Table 2 lists the access to 
the internal and extemal program memory by 
the MOVC instructions when the security bit 
has been set to logical one. If the security bit 
has been set to a logical 0 there are no 
restrictions for the MOVC instructions. 


INTERNAL 
DATA MEMORY 
The internal data memory is divided into 
three physically separated segments: 256 
bytes of RAM, 256 bytes of AUX-RAM, and a 
128 bytes special function area. These can 
be addressed each in a different way. 
- 
RAM 0 to 127 can be addressed directly 
and indirectly as in the 80C51. Address 
pointers are ROand R1 of the selected 
register bank. 


- 
RAM 128 to 255 can only be addressed 
indirectly as in the 80C51. Address 
pointers are RD and R1 of the selected 
register bank. 


- AUX-RAM 0 to 255 is indirectly addressed 
in the same way as external data memory 


with the MOVX instructions. Address 
pointers are RO, R1 of the selected register 
bank and DPTR. An access to AUX-RAM 0 
to 255 will not affect ports PO, P2, P3.6 and 
P3.7. 


An access to extemal data memory locations 
higher than 255 will be performed with the 
MOVX DPTR instructions in the same way as 
in the 8051 structure, so with PO and P2 as 
data/address bus and P3.6 and P3.7 as write 
and read timing signals. Note that these 
external data memory cannot be accessed 
with ROand R1 as address pointer. 


TIMER 
2 
Timer 2 is functionally equal to the Timer 2 of 
the 8052AH. Timer 2 is a 16-bit timer/counter. 
These 16 bits are formed by two special 
function registers TL2 and TH2. Another pair 
of special function register RCAP2L and 
RCAP2H form a 16-bit capture register or a 
16-bit reload register. Like Timer 0 and 1, it 
can operate either as a timer or as an event 
counter. This is selected by bit CIT2N in the 
special function register T2CON. It has three 
operating modes: capture, autoload, and 
baud rate generator mode which are selected 
by bits in T2CON. 


Short Form Preliminary specification 


WATCHDOG 
TIMER 
T3 
The watchdog timer (WOT) (see Figure 5) 
consists of an II-bit 
prescaler and an B-bit 
timer formed by special function register T3. 
The prescaler is incremented by an on-chip 
oscillator with a fixed frequency of 1MHz. The 
maximum tolerance on this frequency is 
-50% and +100%. The B-bit timer increments 
every 204B cycles of the on-chip oscillator. 
When a timer overflow occurs, the 
microcontroller is reset and a reset output 
pulse of 16 x 204B cycles of the on-chip 
oscillator is generated at pin RST. The 
internal RESET signal is not inhibited when 
the external RST pin is kept LOW by, for 
example, an extemal reset circuit. The 
RESET signal drives Ports I, 2 and 3 outputs 
into the HIGH state and port 0 into high 
impedance, whether the XTAL-clock is 
running or not. 


The watchdog timer is controlled by special 
function register WOCON with the direct 
address location A5H. WOCON can be read 
and written by software. A value of A5H in 
WOCON halts the on-chip oscillator and 
clears both the prescaler and timer T3. After 
the RESET signal, WOCON contains A5H. 


Every value other than A5H in WOCON 
enables the watchdog timer. When the 
watchdog timer is enabled, it runs 
independentiy of the XTAL-clock. 


Timer T3 can be read on the fly. Timer T3 can 
be written to only if WOCON has preViously 
been loaded with 5AH, otherwise T# and the 
prescaler are not affected. A successful write 
operation to T3 also clears the prescaler and 
WOCON. Ouring a read or write operation 
addressing T3, the output of the on-chip 
oscillator is inhibited to prevent timing 
problems due to asynchronous increments of 
T3. To prevent an overflow of the watchdog 
timer, the user program has to reload T3 
within periods that are shorter than the 
programmed watchdog timer intemal. This 
time interval is determined by the B-bit reload 
value that is written into register T3. 


Watchdog timer interval = 


[256 - 
(T3)] x 204B 
on - chip oscillator frequency 


The advantages of this implementation are: 


• Only an intemal reset connection to the 
microcontroller core. 


• The Power-down mode and the Watchdog 
(WOT) function can be used concurrently. 


• The WOTaiso 
monitors the XTAL 


oscillator. In case of a failure the port 
outputs are forced to a defined HIGH state. 


• Interference will not disable the WOT 


because it is unlikely that it will force 
WOCON to A5H. 


• Tolerances of the on-chip oscillator can be 


adjusted by testing the T3 value and 
adapting the reload value. 


• The WOT can be enabled and disabled 


under control of the user software. This 
gives the possibility to use both the 
Watchdog function and the Power-down 
function. 


• The direct address A5H of WOCON and its 


disable value A5H will not unintentionally 
be present at a random location in the field 
of program code, except for immediate 
data, because the opcode A5H is not used 
in the instruction set. 


BIT-LEVEL 12C INTERFACE 
This bit-level serial I/O interface supports the 
12C-bus (see Figure 6). P1.6/SCL and 
P1.7/S0A are the serial I/O pins. These two 
pins meet the 12Cspecification concerning 
the input levels and output drive capability. 
Consequently, these pins have an open drain 
output configuration. All the four modes of the 
12C-bus are supported: 
- master transmitter 
- master receiver 
- slave transmitter 
- slave receiver 


The advantages of the bit-level 12Chardware 
compared with a full software 
12C 


implementation are: 
- The hardware can generate the SCL pulse 
- Testing a single bit (RBF respectively, 
WBF) is sufficient as a check for error free 
transmission. 


The bit-level 12Chardware operates on serial 
bit level and performs the following functions: 
- filtering the incoming serial data and clock 


signals 


- 
recognizing the START condition 
- generating a serial interrupt request SI 


after reception of a START condition and 
the first falling edge of the serial clock 


- 
recognizing the STOP condition 
- recognizing a serial clock pulse on the SCL 
line 


- latching a serial bit on the SOA line (SOl) 


- stretching the SCL LOW period of the 
serial clock to suspend the transfer of the 
next serial data bit 
- 
setting Read Bit Finished (RBF) when the 
SCL clock pulse has finished and Write Bit 
Finished (WBF) if there is no arbitration 
loss detected (Le., SOA = 0 while SOO = 1) 
- setting a serial clock Low-to-High detected 
(CLH) flag 
- setting a Bus Busy (BB) flag on a START 
condition and clearing this flag on a STOP 
condition 
- 
releasing the SCL line and clearing the 
CLH, RBF and WBF flags to resume 
transfer of the next serial data bit 
- generating an automatic clock if the single 
bit data register S1BIT is used in master 
mode. 


The following functions must be done in 
software: 
- 
handling the 12CSTART interrupts 
- converting serial to parallel data when 
receiving 
- converting parallel to serial data when 
transmitting 
- comparing the received slave address with 
its own 
- 
interpreting the acknowledge information 
- guarding the 12Cstatus if RBF or WBF = O. 


Additionally, if acting as master: 
- 
generating START and STOP conditions 
- 
handling bus arbitration 


- generating serial clock pulses if S1BIT is 
not used. 


Three SFRs control the bit-level 12Cinterface: 
S11NT,S1BIT and S1SCS. 


S1INT: 12CInterrupt Register 
This register is located at address OAH. 
Refer to Table 3. 


511NT 5FR (DAH) 


7 
6 
5 
4 


IS11 
xl 
xl 
xl 
xl 
xlxl 
xl 


NOTE: 
1. 51 bit: Writing a logic 0 clears this bit, 


writing a logic 1 has no effect. 


S1BIT: Single-bit Data Register 
with 12C Auto-Clock 
This register is located at address 09H. 
Refer to Table 4. 


51 BIT SFR (D9H) 


READ 
7 
3 


ISDIlolololo 


WRITE 
7 
6 


1 SDO 
1 
x 


NOTE: 
1. Access of the 51 BIT SFR clears SI, CLH, 


RBF and WBF. It starts the auto-clock if 
SCO=O. 


MNEMONIC 
BIT 
FUNCTION 


SI 
S11NT.7 
5eriallnterrupt 
request 
(SI) flag: If a START condition occurs the SI flag in the S11NT SFR is set on the 
falling edge of the filtered serial clock. If SI = 1 is detected during a transfer this can be a ·spurious STARr 
error condition. If no transfer is taking place the SI = 1 is a START from an external master. Provided the bits 
EA and ES1 in IE SFR are set, SI then generates an interrupt so that a slave address receive routine can be 
started. SI can be cleared by accessing the S1BIT register or by writing ·00" to S1INT. Also after reception of 
a START condition, the LOW period of the clock pulse is stretched, suspending the serial transfer to allow 
the software to take action. This clock stretching is ended by a read or write access to S1BIT. 


- 
S1INT.6to 
0 
X = undefined during read, don't care during write. 


MNEMONIC 
BIT 
FUNCTION 


SOO/SOI 
S1BIT.7 
Serial Data Output 
(SDO) and the filtered 
Serial Data Input (SOl). SOl data is latched on the rising edge 


olthe filtered serial clock. S1BIT.7 accesses the same memory locations as S1SCS.7. S1BIT SFR is not 
bit-addressable. 


- 
S1BIT.6 to 0 
X = don't care. 


STAa 


FSCL'- 


STRa 


FSCL'- 


RSBIT 
WSBIT 


FSOA,- 


FSCL 


WSINT 
iB7 


RSBIT 
WSBIT 


FSOAf 


FSCL 


IBX: 
internal data bus 


ASCS: read} 
WSCS:write 
SlSCS 


RSBIT: read} 
WSBIT : writa 
S1BIT (with auto-clod<) 


o a 


SOl 


CQN 


WSCS 
iB5 


RSBIT 


WSBIT 


10 


Interrupt 


logic 


a 
0 
SCO 


C 


S 
a 


BB 


R 


Reading or Writing 
the S1BIT SFR 
Reading or writing the S1BIT SFR starts an 
12Cbit I/O sequence: some flags are cleared 
(SI, ClH, 
RBF, WBF), clock stretching is 


finished and the auto-clock is started. An 
auto-clock pulse is "OR-ed" with SCO and 
thus will be output only if the SCO flag has 
been set to logic O. SCO = 1 inhibits the 
auto-clock start, so a dummy read or write of 
Sl BIT SFR can be used to finish clock 
stretching and clear SI, SlH, 
RBF and WBF 
if the auto-clock is not used. 


The auto-clock is an active HIGH SCl pulse 
that starts 28 XTAl periods after the SDI read 
or SDO write via Sl BIT. The duration of the 
auto-clock pulse is 100 XTAl clock periods. If 
the SCl line is kept lOW 
by any device that 
wants to hold up the bus transfer, the 
auto-clock counter waits after 20 XTAl clock 
periods so that the auto-clock pulse length 
will be at least 80 XTAl clock periods (51lSat 
fose = 16MHz). 


Every bit I/O should be followed by a RBF or 
WBF bit test. A bit transfer has been finished 
successfully if after reading a bit the RBF flag 
is logic 1 or after writing a bit the WBF flag is 
logic 1. When after reading a bit the RBF flag 
is still logic 0, the bus status just before the 
S1SCS status read can be determined as 
follows: 


• If ClH = 0 then a bus device is still 
stretching the clock. 


• If SCI = 1 while ClH = 1 then the SCl 
pulse is not finished. 


• If BB = 0 there has been a STOP condition. 


When after writing a bit the WBF flag is still 
logic 0 and none of the 3 status conditions 
mentioned for RBF are found then a "bus 
arbitration lost" condition will be the cause. 
This can be determined also from the states 
of the received bit and the last transmitted bit: 
"arbitration loss" if SDO = 1 and SDI = O. 


S1SCS: Control and Status 
Register for the 12C-bus 
This register is located at address D8H. 
Refer to Table 5. 


S1SCS SFR (D8H) 


READ 
7 
6 
5 


1 SOli 
SCI I CUll 


3 
2 
1 
0 


BB 
1 RBF I WBF I STR I ENS I 


WRITE 
7 
6 
5 
1 
0 


Isool 
scol 
SLHI 
x 
1 
x 
I 
x ISTRI 
ENS 
I 


NOTES: 
1. SOl and SCI bits: read-modify-write 


operations like "SETB bit" or "ClR 
bit" 


access SDO and SCO for reading and 
writing. 
2. 
ClH 
bit: writing a logic 0 clears this bit, 


writing a logic 1 has no effect. 


3. 
RBF and WBF bits: writing a logic 0 to 
ClH also clears these bits. 


4. 
X = don't care. 


MNEMONIC 
BIT 
FUNCTION 


SDO/SDI 
S1SCS.? 
Serial Data Output and the filtered 
Serial Data Input. SDI data is latched on the rising edge of the filtered 


serial clock. SlSCS.? 
accesses the same memory locations as Sl BIT.? Access of the data bit via Sl SCS 


will not start an auto-clock pulse. 


SCO/SCI 
SlSCS.6 
Serial Clock Output and the filtered 
Serial Clock Input. Serial clock output SCO is "OR-ed" with the auto- 
clock. If SCO = 1 the auto-clock output is inhibited. The internal clock stretching logic and external devices 
can pull the SCl line lOW. If the auto-clock is not used, the SCl line has to be controlled by setting 
SCO = 1, waiting for ClH = 1 and setting SCO = 0 after the specified SCl HIGH time. (Because of the input 
filter, ClH will be set at least 8 XTAl clock periods after the SCl 
lOW-to-HIGH 
transition. 


ClH 
SlSCS.5 
Serial Clock lOW-to-HIGH 
transition 
flag: set with a rising edge of the filtered serial clock. ClH = 1 indi- 


cates that, since the last ClH reset, a new valid data bit has been latched in SDI. ClH 
can be reset by writ- 
ing a logic 0 to SlSCS.5 
or by a read/write of SlBIT. Clearing ClH also clears RBF and WBF. 


BB 
SlSCS.4 
Bus Busy flag: indicating that there has been a START condition that was not yet followed by a STOP 
condition. 


RBF 
SlSCS.3 
Read Bit Finished 
flag: indicating a successful bit read. RBF = 1 implies the following conditions: 


- ClH= 
1: 
SCl had a rising edge 


- SCI =0: 
the SCl pulse has finished 


- 
SI=O: 
no START condition occurred 


- BB = 1: no STOP condition occurred 


The RBF flag can be cleared by clearing the ClH flag. 


WBF 
SlSCS.2 
Write Bit Finished 
flag: indicating a successful bit write. the same conditions as for RBF are true and also 
no "arbitration loss" condition occurred. Arbitration is lost if a 1 data bit in SDO was over-ruled on SDA by an 
external device. The WBF flag can be cleared by clearing the ClH flag. 


STR 
SlSCS.l 
STRetch control 
flag. STR = 1 enabled stretching of all SCl lOW periods. This allows the processor in 12C 
slave mode to react on a fast master. The STR flag remains set until cleared by writing a logic 0 to S1SCS.l. 


The STretch (ST) flag (not readable) pulls the serial clock lOW whiie ST = 1. The ST flag is set on the fai- 
ling edge of the filtered serial clock if STR = 1. It is also set after reception of a START condition, regardless 
of the STR contents. ST is cleared with a read or write of Sl BIT. 


ENS 
SlSCS.O 
ENable Serial va flag. ENS = 1 enables the START detection and clock stretching logic. ENS = 0 can be 
used to switch off the 12Cbus hardware. Note that the SDO and SCO control flags must be set to logic 1 
before ENS is set to avoid pulling SCl or SDA lines to logic O. 


INTERRUPT 
SYSTEM 
The interrupt structure of the 8XC524 is the 
same as that used in the 80C51 , but includes 
two additional interrupt sources: one for the 
third timer/counter, T2, and one for the 12C 
interface. The interrupt enable and interrupt 
priority registers are IE and IP. 


IE: Interrupt 
Enable Register 
This register is located at address A8H. Refer 
to Table 6. 


IP: Interrupt 
Priority 
Register 


This register is located at address B8H. Refer 
toTable 7. 


IE SFR(A8H) 
6 
5 
3 
2 
1 
0 


1~1~lml~I~I~I~I~1 


IPSFR 
(B8H) 


7 
6 
5 


I - I pS11 
PT21 


3 
2 
1 
0 


PS I PT11 
PX1! 
PTOI pxo I 


MNEMONIC 
BIT 
FUNCTION 


EA 
IE.7 
General enable/disable control: 
o ; NO interrupt is enabled. 
1 ; ANY individually enabled interrupt will be accepted. 


ESl 
IE.6 
Enable bit-level12C 
I/O interrupt 


ET2 
IE.5 
Enable Timer 2 interrupt 


ES 
IE.4 
Enable Serial Port interrupt 


ETl 
IE.3 
Enable Timer 1 interrupt 


EXl 
IE.2 
Enable External 
interrupt 1 


ETO 
IE.l 
Enable Timer 0 interrupt 


EXO 
IE.O 
Enable External 
interrupt 0 


MNEMONIC 
BIT 
FUNCTION 


- 
IP.7 
Reserved. 


PSl 
IP.6 
Bit-level12C 
interrupt priority level 


PT2 
IP.5 
Timer 2 interrupt priority level 


PS 
IP.4 
Serial Port interrupt priority level 


PTl 
IP.3 
Timer 1 interrupt priority level 


PXl 
IP.2 
External 
Interrupt 
1 priority level 


PTO 
IP.l 
Timer 0 interrupt priority level 


PXO 
IP.O 
External 
Interrupt 
0 priority level 


The interrupt vector locations and the 
interrupt priorities are: 


Source 
Vector 
0003H 
002BH 
0053H 
OOOBH 
0013H 
00lBH 
0023H 


Address 
IEO 
TF2+EXF2 
SIWC) 
TFO 
IEl 
TFl 
Rl+Tl 


IDLE AND POWER;DOWN 
OPERATION 


Idle mode operation permits the interrupt. 
serial ports and timer blocks to function while 
the CPU is halted. The following functions 
remain active during Idle mode. These 
functions may generate an interrupt or reset 
and thus end the Idle mode; 
- Timer O.Timer 1. Timer 2. Watchdog Timer 


- 
UART, 12C-lnterface 


- 
External interrupt. 


The Power-down operation stops the 
oscillator. The Power-down mode can only be 
activated by setting the PD bit in the PCON 
register. 


Idle Mode 
The instruction that sets PCON.O is the last 
instruction executed in the normal operating 
mode before Idle mode is activated. Once in 
the Idle mode. the CPU status is preserved in 
its entirety; the Stack Pointer, Program 
Counter, Program Status Word. Accumulator, 
RAM and all other registers maintain their 
data during Idle mode. The status of external 
pins during Idle mode is shown in Table 9. 


Power-down 
Mode 


The instruction that sets PCON.1 is the last 
executed prior to going into the Power-down 
mode. The oscillator is stopped. Note that the 
Power-down mode aiso can be entered when 
the watchdog has been enabled. The 


Power-down mode can be terminated by an 
external RESET in the same way as in the 
80C51 or in addition by anyone 
of the two 
external interrupts. IEOor IE1. A reset 
generated by the WDT terminates the 
Power-down mode in the same way as an 
external RESET. 


The status of the external pins during 
Power-down mode is shown in Table 9. If the 
Power-down mode is activated while in 
external program memory, the port data that 
is held in the P2 SFR is restored to Port 2. If 
the data is a logic 1. the port pin is held HIGH 
during the Power-down mode by the strong 
pull-up transistor p1. 


Wake-up 
from Power-down 
Mode 
The Power-down mode of the P83C524 can 
also be terminated by anyone 
of the two 
external interrupts, IEOor IE1. A termination 
with an external interrupt does not affect the 
intemal data memory and does not affect the 
Special Function Registers (SFRs). 


In order to prevent any interrupt priority 
problems during wake-up. the prioirty of the 
desired wake-up interrupt should be higher 
than the priorities of all oiher enabled 
interrupt sources. The instruction following 
the one that put the device into the 
Power-down mode will be the first one which 
will be executed after an interrupt has been 
serviced. 


Table 8. 
Internal 
Registers 


Status after a RESET 


REGISTER 
CONTENTS 


ACC 
OOH 


B 
OOH 


DPH,DPL 
OOH 


IE 
OOH 


IP 
XOOOOOOOB 


PCH, PCL 
OOH 


PCON 
OXXOOOOB 


PSW 
OOH 


POto P3 
FFH 


SBUF 
Indeterminate 


SCON 
OOH 


SP 
07H 


TCON 
OOH 


TMOD 
OOH 


THO. TLO 
OOH 


TH1. TL1 
OOH 


T2CON 
OOH 


TH2. TL2 
OOH 


RCAP2H. RCAP2L 
OOH 


S1BIT 
XOOOOOOOB 


S11NT 
OXXXXXXXB 


S1SCS 
XXXOOOOOB 


T3 
OOH 


WDCON 
A5H 


MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
intemal 
1 
1 
port data 
port data 
port data 
port data 


Idle 
external 
1 
1 
floating 
port data 
address 
port data 


Power-down 
internal 
0 
0 
port data 
port data 
port data 
port data 


Power-down 
external 
0 
0 
floating 
port data 
port data 
port data 


internal timing stopped 
'I" 
Cl----,- 
Cl-Eli--- 
C2- 


-- 
power clown 
, 
IDLEMODE-- 
LCALL--- 


-- 
asci.ater 
stopped ~"f--_osc;:::~~or 
;~~up 
interrupls 
are polled -. 
Interrupt 
roullne 


INTO 2 cydes 


INTl 
1 cyde 


t 
set external 
Inlerrupllatch 


ABSOLUTE 
MAXIMUM 
RATINGS 


In accordance with the Absolute Maximum Rating System (lEe 134). 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


Voo 
Supply voltage range 
-0.5 
+6.5 
V 


VI 
All Input voltages 
-0.5 
Voo+0.5 
V 


PTOT 
Total power dissipation 
- 
1 
W 


TSTG 
Storage temperature range 
-65 
+150 
°e 


TAMS 
Operating ambient temperature range: 


version FBx 
0 
+70 
°e 


version FFx 
-40 
+85 
°e 
version FHx 
-40 
+125 
°e 


DC CHARACTERISTICS 
FBx (0 to +70°C) 


Voo = 5V ±20%; Vss = OV;TAMS= 0 to +70oe. All voltages with respect to Vss unless otherwise specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Supply 


Voo 
Supply voltage range 
4.0 
6.0 
V 


Supply current: 


100 
Operating modes 
Voo = 6V; fClK = 16MHz 
- 
35 
mA 
(notes 1 and 8) 


110 
Idle mode 
Voo = 5V ±20%; felK= 16MHz 
- 
6 
mA 


(notes 2 and 8) 


Ipo 
Power-down mode 
2 S Vpo S VOOMAX 
- 
100 
llA 


(note 3) 


Inputs 


Vil 
LOW level input voltage 
-0.5 
0.2Voo-o·1 
V 
(exceptEA, 
P1.6, P1.7) 


VIL1 
LOW level input voltage 
-0.5 
0.2Voo-o·3 
V 
EA 


VIL2 
LOW level input voltage 
note 6 
-0.5 
0.3Voo 
V 
P1.6, P1.7 


VIH 
HIGH level input voltage 
0.2Voo+0.9 
Voo+0.5 
V 
(except RST, XTAL 1, P1.6, P1.7) 


VIHl 
HIGH level input voltage 
O·7Voo 
Voo+0.5 
V 
RST, XTAL1 


VIH2 
HIGH level input voltage 
note 6 
O·7Voo 
6.0 
V 
P1.6, P1.7 


III 
Input current logic 0 
VI = 0.45V 
- 
-50 
llA 
Ports 1, 2, and 3 
(except P1.6 and P1.7) 


ITl 
Input current logic 1 to logic 0 transition 
VI=2.0V 
- 
~50 
!!A 
Ports 1, 2, and 3 
(except P1.6 and P1.7) 


ILl1 
Input leakage current 
0.45 < VI < Voo 
- 
±10 
llA 
PortO, EA 


ILl2 
Input leakage current 
OV <VI <6V 
- 
±10 
llA 
P1.6 and P1.7 
OV < Voo < 6V 


DC CHARACTERISTICS 
FBx (0 to +70°C) 
(Continued) 


voo = 5V ±20%; vss = OV;TAMB= 0 to +70°C. All voltages with respect to Vss unless otherwise specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Outputs 


VOL 
Low level output voltage 
IOL= l.6mA 
- 
0.45 
V 


Ports 1, 2, and 3 (except P1.6 and P1.7) 
notes 4 and 7 


VOLl 
LOW level output voltage 
IOL= 3.2mA 
- 
0.45 
V 
Port 0, ALE, PSEJil 
notes 4 and 7 


VOL2 
LOW level output voltage 
IOL=3.0mA 
- 
0.40 
V 
P1.6 and Pl.7 
note 7 


VOH 
HIGH level output voltage 
IOH= -£O~; 
Voo = 5V ±10% 
2.4 
- 
V 
Ports 1, 2, and 3 
IOH=-25~ 
0.75Voo 
- 
V 


IOH=-10~ 
0.9Voo 
- 
V 


VOH1 
HIGH level output voltage 
IOH= -800IJ.A; Voo = 5V ±10% 
2.4 
- 
V 


Port 0 in external Bus mode, 
IOH=-300~ 
0.75Voo 
- 
V 
ALE, PSEJil, RST 
IOH=-80~ 
0.9Voo 
- 
V 


note 5 


RRST 
RST pull-down resistor 
50 
150 
kQ 


CliO 
Capacitance of input buffer 
Test frequency = 1MHz; TAMB= 25°C 
- 
10 
pF 


NOTES TO DC CHARACTERISTICS 
(FBx): 
1. The operating supply current is measures with all output pins disconnected; XTAL 1 driven with tR = tF = 5ns; VIL = Vss + 0.5V; 
VIH = Voo - 0.5V; XTAL2 not connected; EA = RST = Port 0 + P1.6 + P1.7 = Voo; the WDT is disabled (by the extemal RESET). 


2. The Idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with tR = tF = 5ns; VIL = Vss + 0.5V; 


VIH = Voo - O.5V; XTAL2 not connected; the WDT is disabled; EA = RST = Vss; Port 0 = P1.6 = P1.7 = Voo. 


3. The Power-down current is measured with all output pins disconnected; XTAL2 not connected; WDT is disabled; 


EA= 
RST= XTAL1 =Vss; 
PortO = P1.6= P1.7=Voo. 


4. 
Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level output voltage of ALE, Port 
1 and Port 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make a 1-to-0 
transition during bus operations. In the worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE line may exceed O.BV.In such 


cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


5. 
Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE PSEJil to momentarily fall below the 0.9V Voo 
specification when the address bits are stabilizing. 
6. The input threshold voltage of P1.6 and P1.7 (SI01) meets the 12C specification, so a voltage below 0.3 V00 will be recognized as a logic 0 


while an input above 0.7 Voo will be recognized as a logic l. 


7. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 


Maximum IOLper port pin: 
10mA 


Maximum IOLper B-bit port: 
PortO: 
26mA 
Ports 1, 2, and 3: 
15mA 


Maximum totallOL for all output pins: 71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 
B. IOOMAXat other frequencies can be derived from Figure B, where f is the external oscillator frequency In MHz; IOOMAXis given in mA. 


DC CHARACTERISTICS 
FFx (-40 
to +85°C) 


VDD ; 5V ±20%; vss; 
OV;TAMS; -40 to +85°C (extended temperature range). All voltages with respect to Vss unless otherwise specified. 


DC parameters not included here are the same as for the FBx temperature range data. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Inputs 


VIL 
LOW level input voltage 
-Q.5 
0.2VDD-Q·15 
V 


(exceptEA, 
P1.6, P1.7) 


VIL1 
LOW level input voltage 
-Q.5 
0.2VDD-Q·35 
V 
EA 


V1H 
HIGH level input voltage 
0.2VDD+1.0 
VDD+0.5 
V 


(except RST, XTAL 1, P1.6, P1.7) 


VIHl 
HIGH level input voltage 
O.7VDD+0.1 
VDD+0.5 
V 
RST, XTAL1 


IlL 
Input current logic 0 
VI; 
0.45V 
- 
-75 
I'A 
Ports 1, 2, and 3 
(except P1.6 and P1.7) 


ITL 
Input current logic 1 to logic 0 transition 
VI;2.0V 
- 
-750 
ILA 
Ports 1, 2, and 3 
(except P1.6 and P1.7) 


DC CHARACTERISTICS 
FHx (-40 to +125°C) 


VDD; 
5V ±10%; Vss; 
OV;TAMS; -40 to +125°C (extended temperature range). All voltages with respect to Vss unless otherwise specified. 


DC parameters not included here are the same as for the FBx temperature range data. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Supply 


VDD 
Supply voltage range 
4.5 
5.5 
V 


Supply current: 


IDD 
Operating modes 
VDD; 
5.5V; fCLK; 
16MHz 
- 
35 
mA 
(note 1) 


liD 
Idle mode 
VDD; 
5V ±10%; fCLK; 16MHz 
- 
6 
mA 


(note 2) 


IpD 
Power-down mode 
2 $ VPD $VDDMAX 
- 
150 
ILA 
(note 3) 


Inputs 


VIL 
LOW level input voltage 
-Q.5 
0.2VDD-Q·25 
V 
(except EA, P1.6, P1.7) 


V1L1 
LOW level input voltage 
-Q.5 
0.2VDD-Q,45 
V 
EA 


VIH 
HIGH level input voltage 
0.2VDD+1.0 
VDD+0.5 
V 


(except RST, XTAL 1, P1.6, P1.7) 


VIHl 
HIGH level input voltage 
0.7VDD +0.1 
VDD+0.5 
V 
RST, XTAL1 


IlL 
Input current LOW 
VI; 
0,45V 
- 
-75 
ILA 
Ports 1, 2, and 3 
(except P1.6 and P1.7) 


ITL 
Input current logic 1 to logic 0 transition 
V,;2.0V 
- 
-750 
ILA 
Ports 1, 2, and 3 
(except Pl.6 and Pl. 7) 


NOTES: 
1. See notes 1 and 8 of the FBx DC characteristics table. 
2. 
See notes 2 and 8 of the FBx DC characteristics table. 
3. 
See note 3 of the FBx DC characteristics table. 


f(MHz) 


Valid only within frequency specifications of the device under test. 


AC CHARACTERISTICS 
FBx: 
VDD= 5V ±20%; vss = OV;TAMS= 0 to +70°C; teK min. = 63ns. 
FFx: 
VDD= 5V ±20%; Vss = OV;TAMS= -40 to +85°C; tCK min. = 63ns. 
FHx: 
VDD= 5V ±10%; Vss = OV;TAMS= 0 to +125°C; tCK min. = 63ns. 


All versions Fxx: 
CL = 1OOpFfor Port O.ALE and"PSEI/; CL = 80pF for all other outputs unless otherwise specified. 
teK min. = 1/1max. (maximum operating frequency); teK = clock period. 


16 MHz 
12 MHz 
VARIABLE 
CLOCK 
SYMBOL 
PARAMETER 
UNIT 


MIN. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


External 
program 
memory 


tLHLL 
ALE pulse duration 
85 
- 
127 
- 
2 tcK-40 
- 
ns 


tAVLL 
Address set-up time to ALE 
8 
- 
28 
- 
tc,,55 
- 
ns 


tLLAX 
Address hold time after ALE 
28 
- 
48 
- 
tc,,35 
- 
ns 


tLLlV 
TIme from ALE to valid instruction input 
- 
150 
- 
233 
- 
4 teK-100 
ns 


tLLPL 
TIme from ALE to control pulse "PSEI/ 
23 
- 
43 
- 
tcK-40 
- 
ns 


tPLPH 
Control pulse duration "PSEI/ 
143 
- 
205 
- 
3tCK-45 
- 
ns 


tPLIV 
TIme from "PSEI/ to valid instruction input 
- 
83 
- 
145 
- 
3 tc,,105 
ns 


tpXIX 
Input instruction hold time after "PSEI/ 
0 
- 
0 
- 
0 
- 
ns 


tpXIZ 
Input instruction float delay after "PSEI/ 
- 
38 
- 
59 
- 
teK-25 
ns 


tAVIV 
Address to valid instruction input 
- 
208 
- 
312 
- 
5tc,,105 
ns 


tpLAZ 
Address float time to "PSEI/ 
- 
10 
- 
10 
- 
10 
ns 


External 
data memory 


tLHLL 
ALE pulse duration 
85 
- 
127 
- 
2tcK-40 
- 
ns 


tAVLL 
Address set-up time to ALE 
8 
- 
28 
- 
tCK-55 
- 
ns 


It.LAX 
Address hold time after ALE 
28 
- 
48 
- 
tCK-35 
- 
ns 


tRLRH 
RO pulse duration 
275 
- 
400 
- 
6tc,,100 
- 
ns 


tWLWH 
WR pulse duration 
275 
- 
400 
- 
6tCK-100 
- 
ns 


tRLDV 
RO to valid data input 
- 
148 
- 
252 
- 
5tCK-165 
ns 


tRHDX 
Data hold time after RO 
0 
- 
0 
- 
0 
- 
ns 


tRHDZ 
Data float delay after RO 
- 
55 
- 
97 
- 
2tc,,70 
ns 


It.LDZ 
TIme from ALE to valid data input 
- 
350 
- 
517 
- 
8 teK-150 
ns 


tAVDV 
Address to valid data input 
- 
398 
- 
585 
- 
9tc,,165 
ns 


tLLWL 
TIme from ALE to RO or WR 
138 
238 
200 
300 
3tc,,50 
3tCK+50 
ns 


tAVWL 
TIme from address to RO or WR 
120 
- 
203 
- 
4tc,,130 
- 
ns 


tWHWL 
TIme from RO or WR HIGH to ALE HIGH 
23 
103 
43 
123 
tCK-40 
teK+40 
ns 


IovWX 
Data valid to WR transition 
3 
- 
23 
- 
tc~O 
- 
ns 


IovwH 
Data set-up time before WR 
288 
- 
433 
- 
7tCK-150 
- 
ns 


tWHQX 
Data hold time after WR 
13 
- 
33 
- 
tCK-50 
- 
ns 


tRLAZ 
Address float delay after RO 
- 
0 
- 
0 
- 
0 
ns 


NOTE: 
1. The maximum operating frequency is limited to 16MHz and the minimum to 1.2MHz (all versions Fxx). 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 
I 
12CSPEC. 
UNIT 


SCL Timing 


tHD;STA 
START condition hold time 
~ 14 tCK; note 1 
note 2 
~4.0 
I1S 


tLOw 
SCLLOWtime 
~ 16 teK 
note 2 
~4.7 
I1s 


tHIGH 
SCL HIGH time 
~ 14 teK; note 1 
~ 80 teK; note 3 
~4.0 
I1s 


tRC 
SCLRISEtime 
Sl;note4 
note 5 
S 1.0 
I1s 


tFC 
SCLFALL 
time 
S 0.3; note 4 
sO.3; note 6 
SO.3 
I1S 


SDATImlng 


tSU;DAT 
Data set-up time 
~ 250 ns 
note 2 
~250 
ns 


tHD;DAT 
Data hold time 
~ 0 ns 
note 2 
~o 
ns 


tSU;STA 
Repeated START set-up time 
~ 14 teK; note 1 
note 2 
~4.7 
I1S 


tSU;STO 
STOP condition set-up time 
;;,14 teK; note 1 
note 2 
- 
;;'4.0 
I1s 


tBUF 
Bus free time 
~ 14 tCK; note 1 
note 2 
2:4.7 
I1S 


tRD 
SDARISEtime 
S 1; note 4 
noteS 
S 1.0 
I1s 


tm 
SDA FALL time 
S 300ns; note 4 
S 0.3; note 6 
sO.3 
I1S 


NOTES: 
1. At fCLK= 3.5MHz, this evaluates to 14 x 286ns = 411S,I.e., the bit-level12C interface can respond to the 12Cprotocol for fCLK~ 3.5MHz. 
2. 
This parameter is determined 
by the user software, it has to comply with the i2C specification. 


3. 
This value gives the auto-clock pulse length which meets the 12Cspecification for the specified XTAL 1 clock frequency range. Altematively, 
the SCL pulse may be timed by software. 


4. 
Spikes on SDA and SCL lines with a duration of less than 4 x fCLKwill be filtered out. 


5. The RISE time is determined by the extemal bus line capacitance and pull-up resistor, it must be S 1 115. 
6. The maximum capacitance on bus lines SDA and SCL is 400 pF. 


XTAL1 CHARACTERISTICS 
Oscillator circuitry; crystal capacitors: Cl = C2 = 20pF (see Figure 14). 


VARIABLE 
CLOCK 
SYMBOL 
PARAMETER 
F=1.2T016MHz 
UNIT 


MIN. 
MAX. 


fCLK 
Clock frequency 
- 
1.2 
16 
MHz 


teK 
Clock period 
- 
63 
833 
ns 


tHIGH 
HIGH time 
20 
teK-tLOW 
ns 


tLOw 
LOW time 
, 
20 
teK-!HIGH 
ns 


tR 
RISE time 
- 
20 
ns 


tF 
FALL time 
- 
20 
ns 


tCY 
Cycle time (tCY- 12 teK) 
0.75 
10 
ns 


SERIAL PORT CHARACTERISTICS 
See Table 11 and Figure 15. 


Table 11. External Clock Drive XTAL 
VDD = 5V ±20%; vss = OV;TAMB= 0 to +70°C; Load Capacitance = 80pF. 


SYMBOL 
12MHz OSCILLATOR 
VARIABLE 
OSCILLATOR 
PARAMETER 
UNIT 
MIN. 
MAX. 
MIN. 
MAX. 


tXLXL 
Serial Port clock cycle time 
1 
- 
12teK 
- 
115 


taVXH 
Output data setup to clock rising edge 
700 
- 
10 te"l33 
- 
ns 


tXHQX 
Output data hold after clock rising edge 
50 
- 
2 teK-117 
- 
ns 


tXHDX 
Input data hold after clock rising edge 
0 
- 
0 
- 
ns 


tXHDV 
Clock rising edge to input data valid 
- 
700 
- 
10 te,,133 
ns 


lLLWL 
tWLWH 


WR 


tAVLL 
ILLAX 
tavwx 


taVWH 


PORTO 
DATAOUT 
INSTR IN 


2.0V 
2.0V 


=X::-TE-S-T-PQ-INT-s-::::--K= 


O.BV 
O.BV 


=J 


FLOAT 
C 


24V 
~20V 
_2.0V 


OBV 
O.BV 
045V 


AC testing inputs are driven at2.4V 
for a logic 1 and O.45V for a logic O.Timing measurements are taken at2.0V 
for a logic 1 and 
O.8V for logic O.see (a). The float slate is defined as the point at which a Port 0 pin sinks 3.2mA or sources 400llA at the voltage 
test levels. see (b). 


r-tXLXL -j 


OUTPUT 
DATA! 


t 
WRITE 
TO SBUF 


INPUTDATA 
'-----t 
CLEARRI 


DESCRIPTION 
The 87C524 single-chip 8-bit microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 87C524 has the 
same instruction set as the 80C51. 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications in consumer, telecom 
and general control systems, especially in 
those systems which need large ROM and 
RAM capacity on-chip. 


The 87C524 contains a 16k x 8 EPROM, a 
512 x 8 RAM, four 8-bit I/O ports, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), a 16-bit timer (identical to the 
timer 2 of the 80C52), a watchdog timer with 
a separate oscillator, a multi-source, 
two-priority-Ievel, 
nested interrupt structure, 
two serial interfaces (UART and 
12C-bus), 
and on-Chip oscillator and timing circuits. 


In addition, the 87C524 has two software 
selectable modes of power reduction--;dle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The power·down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 


FEATURES 


• 80C51 instruction set 


- 
16k x 8 EPROM 


-512x8RAM 


- 
Memory addressing capability 


64k ROM and 64k RAM 


- 
Three 16·bit counter/timers 


- 
On-chip watchdog timer with oscillator 


- 
Full duplex UART 


- 
12C serial interface 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 


- 
Warm start from power-down 


• CMOS and TIL compatible 


• Two speed ranges at Vcc = 5V ±10% 


- 
3.5 to 16MHz 


- 
3.5 to 20MHz 


• Extended temperature ranges 


• OTP package available 


• EPROM code protection 


vcc 


PO.OIADO 


PO.1/ADl 


PO.21AD2 


PO.31AD3 


PO.41AD4 


PO.SlAD5 


PO.61AD6 


PO.l/AD7 


bVlpp 


ALEIPRUG 


P2.7/A15 


P2.61A14 


P2.SlA13 


P2.41A,2 


P2.3/All 


P2.21A10 


P2.1IA9 


P2.OIAS 


40 


17 


18 
28 


44 
34 


33 


11 
23 


12 
22 


SUOO1Q2 


EPROM 
TEMPERATURE 
RANGE 0C AND PACKAGE 
FREQUENCY 
DRAWING NUMBER 


P87C524EBP N 
o to +70, Plastic Dual In-line Package 
16MHz 
SOT129-1 


P87C524EBF FA 
o to +70, Ceramic Dual In-line Package wlWindow 
16MHz 
0590B 


P87C524EBA A 
o to +70, Plastic Leaded Chip Carrier 
16MHz 
SOT187-2 


P87C524EBL KA 
o to +70, Ceramic Leaded Chip Carrier wlWindow 
16MHz 
1472A 


P87C524EBB B 
o to +70, Plastic Quad Flat Pack 
16MHz 
SOT307-2 


P87C524GFP N 
-40 to +85, Plastic Dual In-line Package 
20MHz 
SOT129-1 


P87C524GFF FA 
-40 to +85, Ceramic Dual In-line Package wlWindow 
20M Hz 
0590B 


P87C524GFA A 
-40 to +85, Plastic Leaded Chip Carrier 
20M Hz 
SOT187-2 


P87C524GFL KA 
-40 to +85, Ceramic Leaded Chip Carrier wlWindow 
20M Hz 
1472A 


CERAMIC 
AND PLASTIC 
LEADED 
PLASTIC 
QUAD FLAT PACK 
CHIP CARRIER 
PIN FUNCTIONS 
PIN FUNCTIONS 


40 
44 
34 


39 
33 


17 
29 
11 
23 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC' 
23 
NC' 
1 
P1.5 
23 
P2.5IA13 


2 
Pl.OIT2 
24 
P2.OIAB 
2 
Pl.6ISCL 
24 
P2.61A14 


3 
Pl.1fT2EX 
25 
P2.1/A9 
3 
Pl.7/SDA 
25 
P2.7/A15 


4 
P1.2 
26 
P2.2/Al0 
4 
RST 
26 
PSEII 


5 
Pl.3 
27 
P2.31Al1 
5 
P3.OIRxD 
27 
ALEIl'ROO 


6 
Pl.4 
28 
P2.41A12 
6 
NC' 
28 
NC' 


7 
P1.5 
29 
P2.SlA13 
7 
P3.1fTxO 
29 
UNpp 


8 
P1.6ISCL 
30 
P2.61A14 
8 
P3.2J1Iml 
30 
PO.l/AD7 


8 
P1.71S0A 
31 
P2.7/A15 
9 
P3.3IImT 
31 
PO.61A06 


10 
RST 
32 
PSEII 
10 
P3.4ITO 
32 
PO.SlA05 


11 
P3.Q/RxD 
33 
ALEIl'ROO 
11 
P3.5IT1 
33 
PO.4/A04 


12 
NC' 
34 
NC' 
12 
P3.6IWR 
34 
PO.31A03 


13 
P3.1/TxD 
35 
UNpp 
13 
P3.7tFm 
35 
PO.21A02 


14 
P3.2J1Iml 
36 
PO.7/A07 
14 
XTAL2 
36 
PO.1/A01 


15 
P3.3IImT 
37 
PO.61A06 
15 
XTAL1 
37 
PO.OIAOO 


16 
P3.4/T0 
38 
PO.SlA05 
16 
Vss 
38 
Vcc 
17 
P3.51T1 
39 
PO.4/A04 
17 
NC' 
39 
NC' 


18 
P3.6IWR 
40 
PO.31AD3 
18 
P2.OIAB 
40 
P1.0IT2 


19 
P3.7tFm 
41 
PO.21AD2 
19 
P2.1/A9 
41 
P1.11T2EX 
20 
XTAL2 
42 
PO.1/A01 
20 
P2.21A10 
42 
Pl.2 


21 
XTAL1 
43 
PO.OIAOO 
21 
P2.31A11 
43 
P.13 
22 
Vss 
44 
Vcc 
22 
P2.4/A12 
44 
P1.4 


• DO NOT 
CONNECT 
SUOO103A 
• DO NOT CONNECT 
SUOO104A 


COUNTERS 
,----'---, 


TO 
T1 


,rnTO, 1Im", 


EXTERNAL 


INTERRUPTS 


PARALLEL 
PORTS, 


ADDRESS/DATA 
BUS 
AND VOPIN$ 


[ 


VCC 
POWER 
_ 
--. 


SUPPLY 
~ 


--., 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
_______ 
...J 


PIN NO. 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vee 
40 
44 
38 
I 
Power Supply: 
This is the power supply voltage for normal, idle, and power-down operation. 


PO.O-O.7 
39-32 
43--36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to them 
float and can be used as high-impedance 
inputs. Port 0 is also the multiplexed low-order 


address and data bus during accesses to ex1emal program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1s. Port 0 also outputs the code 
bytes during program verification in the P87C524. Ex1emal pull-ups are required during 
program verification. 


P1.o--P1.7 
1-8 
2-9 
40--44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except P1.6 and P1.7 
1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are ex1emally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: 
Ill). 


Port 1 can sink/source one TIL (4LSTIL) 
inputs. Port 1 receives the low-order address byte 


during program memory verification. Port 1 also serves aile mate functions for timer 2: 


1 
2 
40 
I 
T2 (P1.0): Timer/counter 2 ex1emal count input. 


2 
3 
41 
I 
T2EX (P1.l): 
Timer/counter 2 trigger input. 


7 
8 
2 
I/O 
SCL (Pl.6): 
12C serial port clock line. 
8 
9 
3 
I/O 
SDA (Pl.7): 
12C serial port data line. 


P2.o--P2.7 
21-28 
24-31 
18--25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are ex1emally being pulled low will source current because of the internal 
pull· ups. (See DC Electrical Characteristics: 
IILl. Port 2 emits the high-order address byte 


during fetches from ex1emal program memory and during accesses to ex1emal data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1s. During accesses to ex1emal data memory that use 8·bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 


P3.o--P3.7 
10--17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional VO port with internal pull-ups. Port 3 pins that have 1s 
13--19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are ex1ernally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: 
IILl. Port 3 also serves the special features of the 


SC80C51 family, as listed below: 
10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.l): 
Serial output port 


12 
14 
8 
I 
INTll (P3.2): Ex1emal interrupt 


13 
15 
9 
I 
INTf (P3.3): Ex1ernal interrupt 


14 
16 
10 
I 
TO (P3.4): Timer 0 ex1emal input 


15 
17 
11 
I 
Tl (P3.5): Timer 1 ex1emal input 


16 
18 
12 
0 
WR (P3.6): Ex1emal data memory write strobe 


17 
19 
13 
0 
AD (P3.7): Ex1emal data memory read strobe 


RST 
9 
10 
4 
I/O 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vee. After a watchdog timer overflow, this pin is pulled high while the internal 
reset signal is active. 


ALEIPROG 
30 
33 
27 
I/O 
Address 
Latch EnablelProgram 
Pulse: Output pulse for latching the low byte of the 


address during an access to ex1ernal memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for ex1emal timing or clocking. 
Note that one ALE pulse is sk:~~oH~uring each access to ex1emal data memory. This pin is 
also the program pulse input 
during EPROM programming. 


PSEN 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to ex1ema~am 
memory. When the device is 


executing code from the ex1emal program memory, 
is activated twice each machine 


cycle, eX~B~mat two PSEN activations are skipped during each access to external data 
memory. 
is not activated during fetches from internal program memory. 


~pp 
31 
35 
29 
I 
External 
Access 
EnablelProgramming 
Supply 
Voltage: EJI:must be ex1emally held low to 


enable the device to fetch code from ex1ernal program memory locations OOOOHto 7FFFH. If 
EJI:is held high, the device executes from internal program memory unless the program 
counter contains an address greater than 7FFFH. This pin also receives the 12.75V 
programming supply voltage (Vpp) during EPROM programming. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
El 
EO 
OOH 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
Fl 
FO 
OOH 


DPTR: 
Data pointer (2 bytes): 
DPH 
Data pointer high 
83H 
OOH 
DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE'# 
Interrupt enable 
ABH 
EA 
I 
ESl 
I 
ET2 
ESO 
ETl 
I 
EXl 
ETO 
I 
EXO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP'# 
Interrupt priority 
B8H 
- 
I 
PSl 
I 
PT2 
PSO 
PTl 
I 
PXl 
PTO 
I 
PXO 
xOOOOOOOB 


87 
B6 
85 
84 
83 
B2 
Bl 
BO 


PO' 
PortO 
BOH 
AD7 I AD6 
I 
AD5 
AD4 
AD3 
I 
AD2 
ADl 
I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


Pl' 
Port 1 
90H 
SDA I SEL 
I 
- 
- 
- 
I 
- 
T2EX I 
T2 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 


P2' 
Port 2 
AOH 
A15 
I 
A14 
I 
A13 
I 
A12 
I 
All 
I 
Al0 
I 
A9 
I 
AS 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
Bl 
BO 


P3' 
Port 3 
BOH 
RD 
I 
WR 
I 
Tl 
TO 
INTl 
I 
INTO 
TxD 
I 
RxD 
FFH 


PCON 
Power control 
B7H 
SMOD I 
- 
I 
- 
- 
GFl 
I 
GFO 
PD 
I 
IDL 
OxxxOOOOB 


D7 
D6 
D5 
D4 
D3 
D2 
Dl 
DO 


PSW' 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
RSl 
RSO I 
OV 
Fl 
I 
P 
OOH 


RCAP2H# 
Capture high 
CBH 
OOH 
RCAP2L# 
Capture low 
CAH 
OOH 
SBUF 
Serial data buffer 
99H 
xxxxxxxxB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
9B 


SCON' 
Serial controller 
9BH 
SMO 
SMl 
SM2 
REN 
TBB 
RB8 
TI 
RI 
OOH 


SlBIT# 
Serial12C data 
D9H/RD 
SDI 
0 
0 
0 
0 
0 
0 
0 
xOOOOOOOB 


WR 
SDO 
X 
X 
X 
X 
X 
X 
X 
OxxxxxxxB 


SlINT# 
Serial 12Cinterrupt 
DAH 
INT 
X 
X 
X 
X 
X 
X 
X 
OxxxxxxxB 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
DB 


SlSCS'# 
Serial12C control 
DBHIRD 
SDI 
SCI 
CLH 
I 
BB 
RBF 
WBF I 
STR 
ENS 
xxxxOOOOB 


WR 
SDO 
SCO 
CLH I 
X 
X 
X 
I 
STR 
ENS 
OOxxxxOOB 


SP 
Stack pointer 
B1H 
07H 


8F 
BE 
8D 
BC 
BB 
8A 
89 
BB 


TCON' 
limer 
control 
8BH 
TFl 
TRl 
TFO I 
TRO 
IEl 
ITl 
I 
IEO 
ITO 
OOH 


CF 
CE 
CO 
CC 
CB 
CA 
C9 
C8 


T2CON'# 
limer 
2 control 
CBH 
TF2 
EXF2 
RCLK I TCLK I EXEN2 
TR2 
I 
CIT2 
CP/RL2 
OOH 


THO 
limer 
high 0 
BCH 
OOH 
THl 
limer 
high 1 
BOH 
OOH 
TH2# 
limer 
high 2 
COH 
OOH 
TLO 
limer 
low 0 
BAH 
OOH 
TLl 
limerlow 
1 
BBH 
OOH 
TL2# 
limerlow 
2 
CCH 
OOH 
T3# 
Watchdog timer 
FFH 
OOH 
TMOO 
limermode 
B9H 
GATE 
CIT 
Ml 
MO 
I GATE 
CIT 
I 
Ml 
MO 
OOH 


WOCON# 
Watchdog control 
A5H 
A5H 


INSTRUCTION 
ACCESS TO INTERNAL 
ACCESS TO EXTERNAL 


PROGRAM MEMORY 
PROGRAM MEMORY 


MOVC in internal program memory 
YES 
YES 


MOVC in external program memory 
NO 
YES 


INTERNAL 
DATA MEMORY 
The intemal data memory is divided into 
three physically separated segments: 256 
bytes of RAM, 256 bytes of AUX-RAM, and a 
128 bytes special function area. These can 
be addressed each in a different way. 
- 
RAM 0 to 127 can be addressed directly 
and indirectly as in the 80C51. Address 
pointers are ROand R1 of the selected 
register bank. 


- 
RAM 128 to 255 can only be addressed 
indirectly as in the 80C51. Address 
pointers are ROand R1 of the selected 
register bank. 


- AUX-RAM 0 to 255 is indirectly addressed 
in the same way as extemal data memory 
with the MOVX instructions. Address 
pointers are RO, R1 of the selected register 
bank and OPTR. An access to AUX-RAM 0 
to 255 will not affect ports PO, P2, P3.6 and 
P3.7. 


An access to external data memory locations 
higher than 255 will be perfonned with the 
MOVX OPTR instructions in the same way as 
in the 8051 structure, so with POand P2 as 
data/address bus and P3.6 and P3.7 as write 
and read timing signals. Note that these 
extemal data memory cannot be accessed 
with ROand R1 as address pointer. 


TIMER 2 
Timer 2 is functionally equal to the Timer 2 of 
the 8052AH. Timer 2 is a 16-bit timer/counter. 
These 16 bits are formed by two special 
function registers TL2 and TH2. Another pair 
of special function register RCAP2L and 
RCAP2H fonn a 16-bit capture register or a 
16-bit reload register. Like Timer 0 and 1, it 
can operate either as a timer or as an event 
counter. This is selected by bit CIT2N in the 
special function register T2CON. It has three 
operating modes: capture, autoload, and 
baud rate generator mode which are selected 
by bits in T2CON. 


WATCHDOG 
TIMER T3 
The watchdog timer consists of an 11-bit 
prescaler and an 8-bit timer fonned by 
special function register T3. The presca1er is 
incremented by an on-chip oscillator with a 
fixed frequency of 1MHz. The maximum 
tolerance on this frequency is -50% and 
+100%. The 8-bit timer increments every 
2048 cycles of the on-chip oscillator. When a 
timer overflow occurs, the microcontroller 
is 


reset and a reset output pulse of 16 x 2048 
cycles of the on-chip oscillator is generated 
at pin RST. The intemal RESET signal is not 
inhibited when the extemal RST pin is kept 
low by, for example, an external reset circuit. 
The RESET signal drives port 1, 2, 3 into the 
high state and port 0 into the high impedance 
state. 


The watchdog timer is controlled by one 
special function register WOCON with the 
direct address location A5H. WOCON can be 
read and written by software. A value of A5H 
in WOCON halts the on-chip oscillator and 
clears both the prescaler and timer T3. After 
the RESET signal, WOCON contains A5H. 
Every value other than A5H in WOCON 
enables the watchdog timer. When the 
watchdog timer is enabled, it runs 
independently of the XTAl-clock. 


Timer T3 can be read on the fly. Timer T3 can 
only be written if WOCON contains the value 
5AH. A successful write operation to T3 will 
clear the prescaler and WOCON, leaving the 
watchdog enabled and preventing inadvertent 
changes of T3. To prevent an overflow of the 
watchdog limer, the user program has to 
reload the watchdog timer within periods that 
are shorter than the programmed watchdog 
timer internal. This time interval is detennined 
by an 8-bit value that has to be loaded in 
register T3 while at the same time the 
prescaler is cleared by hardware. 


Watchdog timer interval = 


[256 - 
(T3)] x 2048 


on - chip oscillator frequency 


BIT-LEVEL 
12C INTERFACE 
This bit-level serial I/O interface supports the 
12C-bus. P1.6/SCl 
and P1.7/S0A are the 
serial I/O pins. These two pins meet the 12C 
specification concerning the input levels and 
output drive capability. Consequently, these 
pins have an open drain output configuration. 
All the four modes of the 12C-busare 
supported: 
- 
master transmitter 


- master receiver 
- slave transmitter 


- 
slave receiver 


The advantages of the bit-level 12Chardware 
compared with a full software 12C 
implementation are: 
- the hardware can generate the SCl pulse 


- Testing a single bit (RBF respectively, 


WBF) is sufficient as a check for error tree 
transmission. 


The bit-level 12Chardware operates on serial 
bit level and perfonns the following functions: 
- filtering the incoming serial data and clock 


signals 
- 
recognizing the START condition 


- generating a serial interrupt request SI 


after reception of a START condition and 
the first falling edge of the serial clock 


- recognizing the STOP condition 
- 
recognizing a serial clock pulse on the SCl 
line 
- latching a serial bit on the SOA line (SOl) 
- stretching the SCl lOW period of the 
serial clock to suspend the transfer of the 
next serial data bit 


- setting Read Bit Finished (RBF) when the 


SCl clock pulse has finished and Write Bit 
Finished (WBF) if there is no arbitration 
loss detected (i.e., SOA = 0 while SOO = 1) 


- setting a serial clock low-to-High 
detected 


(CLH) flag 


- setting a Bus Busy (BB) flag on a START 


condition and clearing this flag on a STOP 
condition 
- releasing the SCl line and clearing the 


ClH, 
RBF and WBF flags to resume 
transfer of the next serial data bit 


- generating an automatic clock if the single 


bit data register S1BIT is used in master 
mode. 


The following functions must be done in 
software: 
- handling the 12CSTART interrupts 
- converting serial to parallel data when 


receiving 


- converting parallel to serial data when 


transmitting 


- comparing the received slave address with 


its own 


- interpreting the acknowledge 
information 


- guarding the 12Cstatus if RBF or WBF = O. 


Additionally, if acting as master: 
- generating START and STOP conditions 
- handling bus arbitration 


- generating serial clock pulses if S1BIT is 


not used. 


Three SFRs control the bit-level12C interface: 
S11NT,S1BITand 
S1SCS. 


INTERRUPT SYSTEM 
The interrupt structure of the SXC524 is the 
same as that used in the SOC51, but includes 
two additional interrupt sources: one for the 
third timer/counter, T2, and one for the 12C 
interface. The interrupt enable and interrupt 
priority 
registers are IE and IP. 


IE: Interrupt Enable Register 
This register is located at address ASH. Refer 
toTable 3. 


IP: Interrupt Priority Register 
This register is located at address BSH. Refer 
toTable 4. 


IESFR(A8H) 


76543210 
1~lrnlml~lrnl~I=I~1 


IPSFR 
(B8H) 


7 
6 
5 


I - I PSI I PT21 


4 
3 
2 
1 
0 
ps I PTl! 
PX11 
PTOI pxol 


MNEMONIC 
BIT 
FUNCTION 


EA 
IE.7 
General enable/disable control: 
o = NO interrupt is enabled. 
1 = ANY individually enabled interrupt will be accepted. 


ES1 
IE.6 
Enable blt-level12C 
VO interrupt 
" 


ET2 
IE.5 
Enable Timer 2 interrupt 


ES 
lEA 
Enable Serial Port interrupt 


En 
IE.3 
Enable Timer 1 interrupt 


EX1 
IE.2 
Enable External 
interrupt 1 


ETO 
IE.1 
Enable Timer 0 interrupt 


EXO 
IE.O 
Enable External 
interrupt 0 


MNEMONIC 
BIT 
FUNCTION 


- 
IP.7 
Reserved. 


PS1 
IP.6 
Bit-level12C 
interrupt priority 
level 
. 


PT2 
IP.5 
Timer 2 interrupt priority level 


PS 
IP.4 
Serial Port interrupt priority 
level 


PT1 
IP.3 
Timer 1 interrupt priority 
level 


PX1 
IP.2 
External 
Interrupt 
1 priority 
level 


PTO 
IP.1 
Timer 0 interrupt priority 
level 


PXO 
IP.O 
External 
Interrupt 
0 priority 
level 


The interrupt vector locations and the 
interrupt priorities are: 


Source 
Vector 
0003H 
002BH 
0053H 
OOOBH 
0013H 
001BH 
0023H 


Address 
IEO 
TF2+EXF2 
SI (12C) 
TFO 
IE1 
TF1 
R1+T1 


OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 3-374. 


To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the 
external clock signal, because the input to 
the internal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


RESET 
A reset is accomplished 
by holding the RST 


pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
The power-down mode can be terminated by 
a RESET in the same way as in the 80C51 or 
in addition by one of two external interrupts, 
INTO or INn. 
A termination with an external 
interrupt does not affect the internal data 
memory and does not affect the special 
function registers. This makes it possible to 
exit power-down without changing the port 
output levels. To terminate the power-down 
mode with an external interrupt llIITll or mT1 
must be switched to level-sensitive and must 
be enabled. The external interrupt input 


signalllllTll 
and mT1 must be kept low until 


the oscillator has restarted and stabilized. An 
instruction following the instruction that puts 
the device in the power-down mode will be 
executed. A reset generated by the watchdog 
timer terminates the power-down mode in the 
same way as an external RESET, and only 
the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are in the special function 
register PCON. 


DESIGN 
CONSIDERATIONS 


At power-on, the voltage on Vcc and RST 
must come up at the same time for a proper 
start-up. 


When the idle mode is terminated by a 
hardware reset, the device normally resumes 
program execution, from where it left off, up 
to two machine cycles before the internal 
reset algorithm takes control. On-chip 
hardware inhibits access to internal RAM in 
this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an 
unexpected write when idle is terminated by 
reset, the instruction following the one that 
invokes idle should not be one that writes to a 
port pin or to external memory. 


Table 5 shows the state of 1/0 ports during 
low current operating modes. 


MODE 
PROGRAM MEMORY 
ALE 
J5SER 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70 or -40 to +85 
°C 


Storage temperature range 
-65 to +150 
°C 


Voltage on FANpp pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-{).5 to Vcc +0.5 
V 


Input, output current on any two pins 
±10 
mA 


Power dissipation 
1.0 
W 
(based on package heat transfer limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
ot this specification is not implied. 


2. 
This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 
Tamb= O·C to +70·C or -40·C 
to +85·C, Vcc = 5V ±10%, Vss = ov 


PART 
TEST 
LIMITS 


SYMBOL 
PARAMETER 
TYPE 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low vo~age, 
o to +70·C 
-0.5 
0.2VcC-O·l 
V 
except EA, Pl.61SCL, Pl. 7/SDA 
-40to+85·C 
-0.5 
0.2VCC-O·15 
V 


VIL1 
Input low voltage to EA 
o to +70·C 
0 
0.2VcC-O·3 
V 


-40 to +85·C 
0 
0.2VcC-O·35 
V 


VIL2 
Input low voltage to Pl.6/SCL, 
Pl. 7SDA5 
-0.5 
1.5 
V 


VIH 
Input high vo~age, 
o to +70·C 
0.2Vcc+0.9 
Vcc+0.5 
V 
exceptXTAL1, 
RST, Pl.6/SCL, 
Pl.7/SDA 
-40 to +85·C 
0.2Vcc+1 
Vcc+0.5 
V 


VIHl 
Input high voltage, XTAL 1, RST 
o to +70·C 
O·7Vcc 
Vcc+0.5 
V 


-40 to +85·C 
0.7Vcc+0.1 
Vcc+0.5 
V 


VrH2 
Input high voltage, Pl.61SCL, Pl.7/SDA5 
3.0 
6.0 
V 


VOL 
Output low vo~age, ports 1, 2, 3, 
IOL= 1.6mAl 
0.45 
V 
except Pl.6/SCL, 
Pl.7/SDA 


VOL1 
Output low voltage, port 0, ALE, PSEJiI 
IOL=3.2mAl 
0.45 
V 


VOL2 
Ou1putlow voltage, Pl.61SCL, Pl.7/SDA 
IOL= 3.0mA1 
0.4 
V 


VOH 
Output high vo~age, ports 1, 2, 32 
IOH=~OIlA 
2.4 
V 


IOH= -2511A 
0.75Vcc 
V 


IOH= -1011A 
0.9Vcc 
V 


VOHl 
Output high voltage, Port 0 in ex1ernal bus mode, 
IOH= -80011A 
2.4 
V 
ALE, PSEJiI, RST 
IOH= -S001lA 
0.75Vcc 
V 


IOH= -S01lA 
0.9Vcc 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 
o to +70·C 
VIN = 0.45V 
-50 
IIA 
except Pl.61SCL, Pl.7/SDA 
-40 to +85·C 
-75 
IIA 


ITL 
Logical l-to-O transitio(1 current, ports 1, 2, 3, 
o to +70·C 
See Note 3 
~50 
IIA 
except Pl.6/SCL. 
Pl.7/SDA 
-40 to +85·C 
_750 
IIA 


1L1 
Input leakage current, port 0 
VIN = VIL or VIH 
±10 
IIA 


1L2 
Input leakage current, Pl.61SCL, Pl.7/SDA 
OV <Vj<6V 
±10 
IIA 


OV < Vcc < 5.5V 


Icc 
Power supply current: 
See Note 4 


Active mode @ 16MHz 
o to +70·C 
25 
mA 


-40 to +85·C 
35 
mA 


Idle mode @ 16MHz 
o to +70·C 
5 
mA 


-40 to +85·C 
6 
mA 
Power down mode 
50 
IIA 


RRST 
Intemal reset pull-down resistor 
50 
300 
kn 


CIO 
Pin capacitance 
10 
pF 
NOTES: 
1. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VoLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. Under steady state (non-transient) conditions, IOL 
must be extemally limited as follows: 10mA per port pin, portO total (all bits) 26mA, ports 1,2, and total each (all bits) 15mA. 


2. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEJiI to momentarily fall below the 0.9V cc specification when the 
address bits are stabilizing. 


3. 
Pins of ports 1, 2 and 3 source a transition current when they are being ex1emally driven from 1 to O.The transition current reaches its 
maximum value when V1Nis approximately 2V. 
4. 
See Figures 10 through 13 for Icc test conditions. 


5. The input threshold vo~age of Pl.6 and Pl.7 (SI01) meets the 12Cspecification, so an input vo~age below 1.5V will be recognized as a 


logic 0 while an input vo~age above 3.0V will be recognized as a logic 1. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C or -40°C to +85°C, Vcc = 5V ±10%, Vss = OV1,2 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


l!tcLCL 
1 
Oscillator frequency: 
Speed Versions 


87C524 
E 
3.5 
16 
MHz 
87C524 
G 
3.5 
20 
MHz 


tLHLL 
1 
ALE pulse width 
85 
2IcLCL-40 
ns 


tAVLL 
1 
Address valid to ALE low 
8 
IcLCL-55 
ns 


lLLAX 
1 
Address hold after ALE low 
28 
IcLCL-35 
ns 


lLuv 
1 
ALE low to valid instruction in 
150 
41cLCL-100 
ns 


hPL 
1 
ALE low to J5SE]i/ low 
23 
IcLCL-40 
ns 


tPLPH 
1 
J5SE]i/ pulse width 
143 
3IcLCL-45 
ns 


tPLIV 
1 
J5SE]i/ low to valid instruction in 
83 
31cLCL-105 
ns 


tpXIX 
1 
Input instruction hold after J5SE]i/ 
0 
0 
ns 


tPXIZ 
1 
Input instruction float after J5SE]i/ 
38 
IcLCL-25 
ns 


tAVIV 
1 
Address to valid instruction in 
208 
51cLCL-105 
ns 


tpLAZ 
1 
J5SE]i/ low to address float 
10 
10 
ns 


Data Memory 


tRLRH 
2,3 
"FID pulse width 
275 
6tCLCL-100 
ns 


tWLWH 
2,3 
WR 
pulse width 
275 
61cLCL-100 
ns 


tRLDV 
2,3 
"FID low to valid data in 
148 
51cLCL-165 
ns 


IRHDX 
2,3 
Data hold after "FID 
0 
0 
ns 


tRHDZ 
2,3 
Data float after "FID 
55 
2!cLCL-70 
ns 


lLLDV 
2,3 
ALE low to valid data in 
350 
8tCLCL-150 
ns 


tAVDV 
2,3 
Address to valid data in 
398 
91cLCL-165 
ns 


lLLWL 
2,3 
ALE low to "FID or WR 
low 
138 
238 
31cLCL-50 
31cLCL+50 
ns 


tAVWL 
2,3 
Address valid to WR 
low or "FID low 
120 
41cLCL-130 
ns 


tavwx 
2,3 
Data valid to WR 
transition 
3 
IcLCL-60 
ns 


tWHQX 
2,3 
Data hold after WR 
13 
tCLCL-50 
ns 


tRLAZ 
2,3 
"FID low to address float 
0 
0 
ns 


tWHLH 
2,3 
"FID or WR 
high to ALE high 
23 
103 
IcLCL-40 
IcLCL+40 
ns 


External 
Clock 


IcHCX 
6 
High time 
20 
20 
ns 


IcLCX 
6 
Low time 
20 
20 
ns 


IcLCH 
6 
Rise time 
20 
20 
ns 


IcHCL 
6 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
4 
Serial port clock cycle time 
750 
12!cLCL 
ns 


taVXH 
4 
Output data setup to clock rising edge 
492 
1OIcLCL-133 
ns 


tXHQX 
4 
Output data hold after clock rising edge 
8 
21cLCL-117 
ns 


tXHDX 
4 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
4 
Clock rising edge to input data valid 
492 
l0IcLCL -133 
ns 
NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and J5SE]i/ = 100pF, load capacitance for all other outputs = 80pF. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 
12<: SPECIFICATION 


SCL Timing 
Characteristics 


!HD;STA 
START condition hold time 
" 14 lcLCL1 
Note 2 
" 4.0115 


!Low 
SCLLOWtime 
" 16 lcLCL 
Note 2 
" 4.7115 


!HIGH 
SCL HIGH time 
" 14 lcLCL1 
,,80 lcLCL3 
" 4.0115 


tRC 
SCLrisetime 
$111S4 
NoteS 
$ 1.0115 


tFC 
SCLfalitime 
$ 0.311S4 
$ 0.31156 
$ 0.3115 


SDA Timing 
Characteristics 


tSU;DAT 
Data set-up time 
,,250ns 
Note 2 
" 250ns 


!HD;DAT 
Data hold time 
" Ons 
Note 2 
" Ons 


lsU;STA 
Repeated START set-up time 
" 14 lcLCL1 
Note 2 
"4.7I1S 


tSU;STO 
STOP condition set-up time 
" 14 tCLCL1 
Note 2 
"4.0I1S 


tBuF 
Bus free time 
" 14 lcLCL1 
Note 2 
" 4.7115 


tRD 
SDA rise time 
$111S4 
NoteS 
$ 1.0115 


tFD 
SDAfalitime 
$ 0.31154 
$ 0.31156 
$ 0.3115 


NOTES: 
1. At fCLK; 3.5MHz, this evaluates to 14 x 286ns; 
4115,I.e., the bit-level12C interface can respond to the 12Cprotocol for fCLK" 3.5MHz. 


2. This parameter is determined by the user software, it has to comply with the 12Cspecification. 
3. This value gives the autoclock pulse length which meets the 12Cspecification for the specified XTAL clock frequency range. Altematively, the 
SCL pulse may be timed by software. 


4. 
Spikes on SDA and SCL lines with a duration of less than 4 x fCLKwill be filtered out. 


5. The rise time is determined by the extemal bus line capacitance and pull-up resistor, it must be $ 111S. 
6. The maximum capacitance on bus lines SDA and SCL is 400pF. 


EXPLANATION 
OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
Q - 
Output data 


first character is always 'f (= time). The other 
R - RD signal 


characters, depending on their positions, 
t 
- lime 


indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W - WR signal 


A - 
Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Float 


o - 
Input data 
Examples: tAVLL 


H - 
Logic level high 
I - 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 
p-~ 


lime 
for address valid 
to ALE low. 
lime 
for ALE low to 
~Iow. 


I 
-+11- tXHQX 
IovxH r----II 


INPUT 
DATA 
~' 


CLEAR 
RI 


VC~·5 
- 


O.45V 
O·7VCC 
0.2VC~·1 


lcHCL -- 
lcLC 


lSTARTcond~"", 


0.7 VCC 


0.3VCC 


VC~5=X 
>C 
o 2VCC..o 9 


o 45V 
.~0_2V_C_~ 
__ 
1 
~ 


NOTE: 
AC inputs 
during 
testing 
are driven 
al Vce ~.5 
for a logic '1' and O.45V for a logic '0', 


Timing 
measurements 
are made 
al VIH min for a logic '1' and VIL max for a logic 
'0'. 


TIMING 
REFERENCE 
POINTS 


NOTE: 
For timi"!O 
purposes, 
a port is no longer 
floating 
when 
a loamV 
change 
from 
load voltage 
occurs. 


and begins 
to float when 
a 100mV 
change 
from the loaded 
VotIVoc 
level occurs.lot-VlOl.~i2OmA. 


Figure 9. lee vs. FREQ 
Valid only within 
frequency 
specifications 
of the device under test 


Figure 10. lee Test Condition, 
Active 
Mode 
All other pins are disconnected 


Figure 11. Icc Test Condition, 
Idle Mode 
All other pins are disconnected 


VCc;-<l·5 - - - - 
O.7VCC 


O.45V 
o.2Vcc;-<l.1 


lcHC 


lcLCH 


Figure 12. Clock Signal Waveform 
for 
Icc Tests in Active and Idle Modes 
lcLCH = lcHCL = 5ns 


Figure 13.lcc 
Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 5.5V 


NOTE: 
• 
Ports 1.6 and 1.7 should be connected to VCC through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the lOLl specification. 


EPROM CHARACTERISTICS 
The 87C524 is programmed by using a 
modified Quick-Pulse Programming'" 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEJ!>ROG pulses. 


The 87C524 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C524 manufactured by Philips. 


Table 6 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 14 and 15. Figure 16 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 


The setup for microcontroller 
quick-pulse 
programming is shown in Figure 14. Note that 
the 87C524 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
intemal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1, 2 and 3, as 
shown in Figure 14. The code byte to be 
programmed into that location is applied to 
port O. RST, PSEN and pins of ports 2 and 3 
specified in Table 6 are held at the 'Program 
Code Data' levels indicated in Table 6. The 
ALEJ!>ROG is pulsed low 25 times as shown 
in Figure 15. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 3FH, using the 'Pgm 


Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
Sif levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 


Note that the ElINpp pin must not be allowed 
.to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 
If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1, 2 and 3 as shown in 
Figure 16. The other pins are held at the 
'Verify Code Data' levels indicated in Table 6. 
The contents of the address location will be 
emitted on port O. Extemal pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Program 
Lock Bits 


The 87C524 has 3 programmable lock bits 
that will provide different levels of protection 
for the on-chip code and data. (See Table 7.) 


Erasing the EPROM also erases the 
encryption array and the program lock bits, 
retuming the part to full functionality. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 


(030H) = 15H indicates manufactured 
by 


Philips 
(031 H) = 
9DH indicates 87C524 


ProgramNerify 
Algorithms 


Any algorithm in agreement with the 
conditions listed in Table 6, and which 
satisfies the timing specifications, 
is suitable. 


Erasure 
Characteristics 


Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 
4,000 angstroms. 


Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 


is recommended 
that an opaque 
label be 


placed over the window. 
For elevated 


temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, 
or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-seclcm2. Exposing the EPROM to an 
ultraviolet lamp of 12,OOOuW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
PSEN 
ALEIPROG 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O' 
Vpp 
1 
0 
1 
0 


Pgm lock bit 1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 


Pgm lock bit 2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


Pgm lock bit 3 
1 
0 
O' 
Vpp 
0 
1 
0 
1 


NOTES: 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. Vpp = 12.75V ±O.25V. 
3. Vcc = 5V±10% during programming and verification. 
ALEJI5ROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for lOOliS (±10liS) and high for a 
minimum of 10liS. 


PROGRAM LOCK BITS1,2 
, 


LB1 
LB2 
LB3 
PROTECTION DESCRIPTION 


1 
U 
U 
U 
No Program Lock features enabled. (Code verify will still be encrypted by the Encryption Array if 
programmed.) 


2 
P 
U 
U 
MOVC instructions executed from ex1emal program memory are disabled from fetching code bytes 
from intemal memory, EA is sampled and latched on Reset, and further programming of the EPROM 
is disabled. 


3 
P 
P 
U 
Same as 2, also verify is disabled. 


4 
P 
P 
P 
Same as 3, ex1emal execution is disabled. Internal data RAM is not accessible. 


NOTES: 
1. P - programmed. U - unprogrammed. 
2. 
Any other combination of the lock bits is not defined. 


Vcc 


Pl 
PO 


RST 
~PP 


P3.6 
ALEIPRUG 


P3.7 
67C524 
PSEJil 


XTAL2 
P2.7 


P2.6 


XTAU 
P2.~2.5 


VSS 
P3.4 


I 
c: 
______ 
,_ 
10JlsMIN 
-----i 
"1110----- 
1lX>J,J.s±10 ------1 


o I'-- 
n 
~n~_ 


~PP 


ALEIPRUG 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tomb = 21'C 
10 +27'C, 
VCC = 5V±10%, 
VSS = OV (See 
Figure 
17) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
currenl 
50 
mA 


1ltcLCL 
Oscillalor 
frequency 
4 
6 
MHz 


IAVGL 
Address 
setup 
10 PROG 
low 
48teLCL 


IGHAX 
Address 
hold 
after 
PROG 
48teLCL 


IDVGL 
Dala 
selup 
10 PROG 
low 
48teLCL 


IGHDX 
Dala 
hold 
after 
PROG 
48teLCL 


IEHSH 
P2.7 (EI'lASLE) 
high 10 Vpp 
48teLCL 


ISHGL 
Vpp 
setup 
10 PROG 
low 
10 
I's 


IGHSL 
Vpp 
hold 
after 
PROG 
10 
1'5 


IGLGH 
PROGwidlh 
90 
110 
1'5 


IAVQV 
Address 
10 dala 
valid 
48teLCL 


IELQZ 
EJilAEl[E 
low 10 dala 
valid 
48teLCL 


IEHQZ 
Dala 
floal 
after EJilAEl[E 
0 
48teLCL 


IGHGL 
PROG 
high 10 PROG 
low 
10 
I's 


IGHDX 
IGHAX 


NOTE: 
FOR PROGRAMMING 
VERIFICATION 
SEE RGURE 
14. 
FOR VERIFICAnON CONDITIONSSEE FIGURE 16. 


Purchase 
of Philips 12Ccomponents 
conveys 
a license under the Philips' 
12C patent 
to use the 
components 
in the 
12C system 
provided 
the system 
conforms 
to the 
12C specifications 
defined 
by Philips. 
This specification 
can be ordered 
using the 
code 9398 393 40011. 
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rnT01P3.2 
TxD1P3.1 


P2.7/A15 


TOIP3.4 
P2.61A14 


T11P3.5 
P2.51A13 


WRiP3.6 
P2.4/A12 


R01P3.7 
P2.31All 
WRiP3.6 


XTAl2 
P2.21Al0 
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DESCRIPTION 
The 8XC528 single-chip 8-bit microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 8XC528 has the 
same instruction set as the 80C51. Three 
versions of the derivative exist: 


• 83C528 - 
32k by1es mask programmable 


ROM 


• 80C528 - 
ROMless version of the 


83C528 


• 87C528 - 
32k by1es EPROM (described 


in a separate data sheet) 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications in consumer, telecom 
and general control systems, especially in 
those systems which need large ROM and 
RAM capacity on-chip. 


The 8XC528 contains a 32k x 8 ROM 
(83C528), a 512 x 8 RAM, four 8-bit I/O 
ports, two 16-bit timer/event counters 
(identical to the timers of the 80C51), a 16-bit 
timer (identical to the timer 2 of the 80C52), a 
watchdog timer with a separate oscillator, a 


PO.2/A02 


PO.31A03 


multi-source, two-priority-Ievel, 
nested 
interrupt structure, two serial interfaces 
(UART and 
12C-bus), and on-Chip oscillator 
and timing circuits. 


In addition, the 8XC528 has two software 
selectable modes of power reduction - 
idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 


~ 


~ 


PO.OIAOO 


PO.1IAOl 


PO.21A02 


PO.31A03 


P2.1IA9 


P2.OIAS 


FEATURES 
• 80C51 instruction set 


- 
32k x 8 ROM (83C528) 


- 
ROMless (80C528) 


-512x8RAM 


- 
Memory addressing capability 


64k ROM and 64k RAM 


- 
Three 16-bit counter/timers 


- 
On-chip watchdog timer with oscillator 


- 
Full duplex UART 


- 
12C serial interface 


- 
Four 8-bit I/O ports 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 


- 
Warm start from power-down 


• CMOS and TTL compatible 


• Ex1ended temperature ranges 


• ROM code protection 


• 7-source and 7-vector interrupt structure 


with 2 priority levels 


• Up to 3 ex1emal interrupt request inputs 


• Two programmable 
power reduction modes 
(Idle and Power-down) 


• Termination of Idle mode by any interrupt, 


ex1emal or WDT (watchdog) reset 


• XTAL frequency range: 1.2 MHz to 16 MHz 


CERAMIC 
AND PLASTIC 
LEADED 


CHIP CARRIER 
PIN FUNCTIONS 
PLASTIC 
QUAD FLAT PACK 
PIN FUNCTIONS 


17 
29 
11 
23 


18 
28 


12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC' 
23 
NC' 
1 
Pl.5 
23 
P2.5/A13 


2 
Pl.0fT2 
24 
P2.OIA8 
2 
Pl.61SCL 
24 
P2.61A14 


3 
Pl.1fT2EX 
25 
P2.1/A9 
3 
P1.7/SDA 
25 
P2.7/A15 


4 
Pl,2 
26 
P2.21A1Q 
4 
AST 
26 
I'SEJiI 


5 
Pl.3 
27 
P2.31Al1 
5 
P3.OIRxD 
27 
ALE 


6 
Pl.4 
28 
P2.4/A12 
6 
NC' 
28 
NC' 


7 
Pl.5 
29 
P2.SlA13 
7 
P3.1rrxD 
29 
EJI: 


8 
Pl.61SCL 
30 
P2.61A14 
8 
P3.2AIrnl 
30 
PO.l/AD7 


9 
Pl.7/SDA 
31 
P2.7/A15 
9 
P3.3/I1iITl 
31 
PO.61AD6 


10 
AST 
32 
I'SEJiI 
10 
P3.4ITO 
32 
PO.SlAD5 


11 
P3.OIAxO 
33 
ALE 
11 
PJ.SlT1 
33 
PO.41AD4 


12 
NC' 
34 
NC' 
12 
PJ.6IWR 
34 
PO.31AD3 


13 
P3.11TxD 
35 
EJI: 
13 
P3.71lll 
35 
PO.21AD2 


14 
P3.2AIrnl 
36 
PO.7/AD7 
14 
XTAL2 
36 
PO.1/ADl 


15 
P3.3/I1iITl 
37 
PO.61AD6 
15 
XTALl 
37 
PO.OIADO 


16 
P3.4IT0 
38 
PO.SlAD5 
16 
Vss 
38 
VDD 


17 
P3.5IT1 
39 
PO.4/AD4 
17 
NC' 
39 
NC' 


18 
P3.6IWR 
40 
PO.31AD3 
18 
P2.OIA8 
40 
Pl.0IT2 


19 
P3.7/RU 
41 
PO.21AD2 
19 
P2.1/A9 
41 
P1.11T2EX 


20 
XTAL2 
42 
PO.l/ADl 
20 
P2.21A10 
42 
P1.2 


21 
XTALl 
43 
PO.OIADO 
21 
P2.31Al1 
43 
Pl.3 


22 
VSS 
44 
VDD 
22 
P2.41A12 
44 
Pl.4 


• DO NOT CONNECT 
• 00 
NOT CONNECT 


LOGIC SYMBOL 


PHILIPS 
PHILIPS NORTH AMERICA 


PART ORDER NUMBER 
PART ORDER 


PART MARKING 
NUMBER 


ROMless 
ROM 
ROMless 
ROM 
Drawing 
TEMPERATURE 
°C RANGE 
FREQ 


Number 
AND PACKAGE 
MHz 


P80C528FBP 
P83C528FBP/xxx 
P80C528FBP N 
P83C528FBP N 
SOT129-1 
o to +70, PlasUc Dual In-line Package 
16 


P80C528FBA 
P83C528FBNxxx 
P80C528FBA A 
P83C528FBA A 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier 
16 


P80C528FBB 
P83C528FBB/xxx 
P80C528FBB B 
P83C528FBB B 
SOT307-2 
o to +70, Plastic Quad Flat Pack 
16 


P80C528FFP 
P83C528FFP/xxx 
P80C528FFP N 
P83C528FFP N 
SOT129-1 
-40 to +85, Plastic Dual In-line Package 
16 


P80C528FFA 
P83C528FFNxxx 
P80C528FFA A 
P83C528FFA A 
SOT187-2 
-40 to +85, Plastic Leaded Chip Carrier 
16 


P80C528FFB 
P83C528FFB/xxx 
P80C528FFB B 
P83C528FFB B 
SOT307-2 
-40 to +85, Plastic Quad Flat Pack 
16 


P80C528FHP 
P83C528FHPIxxx 
P80C528FHP N 
P83C528FHP N 
SOT129-1 
-40 to +125, Plastic Dual In-line Package 
16 


P80C528FHA 
P83C528FHNxxx 
P80C528FHA A 
P83C528FHA A 
SOT187-2 
-40 to +125, PlasUc Leaded Chip Carrier 
16 


P80C528FHB 
P83C528FHBlxxx 
P80C528FHB B 
P83C528FHB B 
SOT307-2 
-40 to +125, Plastic Quad Flat Pack 
16 


P83C528FBRIxxx 
SOT270-1 
o to +70, Plastic Shrink Dualln-Linr 
Package 
16 


EPROM 
Drawing 
TEMPERATURE 
0C RANGE 
FREQ 


Number 
AND PACKAGE 
MHz 


P87C528EBP N 
50T129-1 
o to +70, Plastic Dual In-line Package 
16 


P87C528EBF FA 
0590B 
o to +70, Ceramic Dual In-line Package 
16 
wlWindow 


P87C528EBA AA 
50T187-2 
o to +70, Plastic Leaded Chip Carrier 
16 


P87C528EBL KA 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
16 
wlWindow 


P87C528EBB B 
50T307-2 
o to +70, Plastic Quad Flat Pack 
16 


P87C528EFP N 
50T129-1 
-40 to +85, Plastic Dual In-line Package 
16 


P87C528EFF FA 
0590B 
-40 to +85, Ceramic Dual In-line Package 
16 
wlWindow 


P87C528EFF FA 
50T187-2 
-40 to +85, Plastic Leaded Chip Carrier 
16 


P87C528EFL KA 
1472A 
-40 to +85, Ceramic Leaded Chip Carrier 
16 
wlWindow 


P87C528EFB B 
50T307-2 
-40 to +85, Plastic Quad Flat Pack 
16 


P87C528GBP N 
50T129-1 
o to +70, Plastic Dual In-line Package 
20 


P87C528GBF FA 
0590B 
o to +70, Ceramic Dual In-line Package 
20 
wlWindow 


P87C528GBA A 
50T187-2 
o to +70, Plastic Leaded Chip Carrier 
20 


P87C528GBL KA 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
20 
wlWindow 


P87C528GFP N 
50T129-1 
-40 to +85, Plastic Dual In-line Package 
20 


P87C528GFF FA 
0590B 
-40 to +85, Ceramic Dual In-line Package 
20 
wlWindow 


P87C528GFA A 
50T187-2 
-40 to +85, Plastic Leaded Chip Carrier 
20 


P87C528GFL KA 
1472A 
-40 to +85, Ceramic Leaded Chip Carrier 
20 
wlWindow 


COUKTERS 
r--'-----1 


TO 
T1 
XTAL2 
XTAL1 
r- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 


,~, 
1NTf, 


EXTERNAL 
INTERRUPTS 


PARALLEL 
PORTS. 


ADDRESSIDATA 
BUS 
ANDUOPlNS 


PIN NO. 


MNEMONIC 
DIP 
SOil 
lCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
21 
22 
16 
I 
Ground: 
circuit ground potential. 


Voo 
40 
42 
44 
38 
I 
Power Supply: 
+5V power supply pin during normal operation, Idle mode and 


Power-down mode. 


PO.O-O.7 
3lM32 
41-34 
~ 
37-30 
1/0 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1s 
written to them float and can be used as high-impedance 
inputs. Port 0 is also the 
multiplexed low-order address and data bus during accesses to external program 
and data memory. In this application, it uses strong intemal pull-ups when emitting 
1s. 


P1.o-P1.7 
1-8 
1-8 
2-9 
4Q-44 
1/0 
Port 1: Port 1 is an 8·bit bidirectional 1/0 port with intemal pull-ups, except P1.6 and 
1-3 
P1.7 which have open drain. Port 1 pins that have 1s written to them are pulled high 
by the intemal pull-ups and can be used as inputs. As inputs, port 1 pins that are 
externally pulled low will source current because of the internal pull-ups. (See DC 
Electrical Characteristics: 
I,Ll. Port 1 can sink/source one TIL 
(4 LSTIL) 
inputs. 


1 
1 
2 
40 
I 
T2 (P1.0): TImerlcounter 2 extemal count input (following edge triggered). 


2 
2 
3 
41 
I 
T2EX (P1.1): TImerlcounter 2 trigger input. 


7 
7 
8 
2 
1/0 
SCl 
(P1.6): 12C serial port clock line. 


8 
8 
9 
3 
1/0 
SDA (P1.7): 12C serial port data line. 


P2.o-P2.7 
21-28 
22-29 
24-31 
18--25 
1/0 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with intemal pull-ups. Port 2 pins that 
have 1s written to them are pulled high by the internal pull-ups and can be used as 
inputs. As inputs, port 2 pins that are externally being pulled low will source current 
because of the intemal pull-ups. (See DC Electrical Characteristics: 
I,Ll. Port 2 


emits the high-order address byte during fetches from extemal program memory 
and during accesses to external data memory that use 16-bit addresses (MOVX 
@DPTR). In this application, it uses strong internal pull-ups when emitting 1s. 
During accesses to external data memory that use 8-bit addresses (MOV @Ri), port 
2 emits the contents of the P2 special function register. 


P3.o-P3.7 
10-17 
10-18 
11, 
5, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that 


(l1:NC) 
13-19 
7-13 
have 1s written to them are pulled high by the internal pull-ups and can be used as 
inputs. As inputs, port 3 pins that are externally being pulled low will source current 
because of the pull-ups. (See DC Electrical Characteristics: 
I,Ll. Port 3 also serves 
the special features of the SC80C51 family, as listed below: 


10 
10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
12 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
13 
14 
8 
I 
INTO (P3.2): External interrupt 


13 
14 
15 
9 
I 
mTf (P3.3): External interrupt 


14 
15 
16 
10 
I 
TO (P3.4): TImer 0 external input 


15 
16 
17 
11 
I 
T1 (P3.5): TImer 1 external input 


16 
17 
18 
12 
0 
WR (P3.6): Extemal data memory write strobe 


17 
18 
19 
13 
0 
RO (P3.7): External data memory read strobe 


RST 
9 
9 
10 
4 
1/0 
Reset: A high on this pin for two machine cycles while the oscillator is running, 
resets the device. An internal diffused resistor to Vss permits a power-on reset 
using only an external capacitor to Voo. After a watchdog timer overflow, this pin is 
pulled high while the internal reset signal is active. 


ALE 
30 
31 
33 
27 
1/0 
Address 
latch 
Enable: Output pulse for latching the low byte of the address 


during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or 
clocking. Note that one ALE pulse is skipped during each access to external data 
memory. 
J5Srn 
29 
30 
32 
26 
0 
Program 
Store Enable: The read strobe to extemal program memory. When the 


device is executing code from the external ~m 
memory, J5Srn is activated 


twice each machine cycle, except that two 
activations are skipped during 


each access to external data memory. J5Srn is not activated during fetches from 
internal program memory. 
~ 
31 
33 
35 
29 
I 
External 
Access 
Enable: ~ 
must be extemally held low during RESET to enable 
the device to fetch code from extemal program memory locations OOOOHto 7FFFH. 
If ~ 
is held high dUring RESET, the device executes from intemal pr~ 
memory 
unless the program counter contains an address greater than 7FFFH. 
is don't 


care after RESET. 


XTAL1 
19 
20 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the intemal clock 


generator circuits. 


XTAL2 
18 
19 
20 
14 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
SYMBOL 
ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
DOH 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
DOH 


OPTR: 
Oata pointer (2 bytes): 
OPH 
Oata pointer high 
83H 
DOH 
OPL 
Oata pointer low 
82H 
DOH 


AF 
AE 
AO 
AC 
AB 
AA 
A9 
A8 


IE"# 
Interrupt enable 
A8H 
EA 
ES1 I 
ET2 
I 
ESO 
ET1 
I 
EX1 
ETO I 
EXO 
OOH 


BF 
BE 
BO 
BC 
BB 
BA 
B9 
B8 


IP"# 
Interrupt priority 
B8H 
- 
I PS1 I 
PT2 
PSO 
PT1 
I 
PX1 
PTO 
I 
PXO 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO" 
PortO 
80H 
A07 
I A06 
I 
A05 
A04 
A03 
I 
A02 
A01 
I 
AOO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1" 
Port 1 
90H 
SOA I SEL 
I 
- 
- 
- 
I 
- 
T2EX 
I 
T2 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AD 


P2" 
Port 2 
AOH 
A15 I A14 
I 
A13 
A12 
A11 
I 
A10 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3" 
Port 3 
BOH 
RO I 
WR 
I 
T1 
TO 
INn 
I 
INTO 
TxO 
I 
RxO 
FFH 


PCON 
Power control 
87H 
SMOO 
- 
I 
- 
I 
- 
GF1 
I 
GFO 
PO 
I 
10L 
OxxxOOOOB 


07 
06 
05 
04 
03 
02 
01 
00 


PSW" 
Program Slatus word 
OOH 
CY 
AC 
FO 
I 
RS1 
RSO 
OV 
I 
F1 
I 
P 
DOH 


RCAP2H# 
Capture high 
CBH 
DOH 
RCAP2L# 
Capture low 
CAH 
DOH 
SBUF 
Serial data buffer 
99H 
xxxxxxxxB 


9F 
9E 
90 
9C 
9B 
9A 
99 
98 


SCON" 
Serial controller 
98H 
SMO 
SM1 
SM2 
REN 
TB8 
RB8 
TI 
RI 
DOH 


S1BIT# 
Serial 12C data 
09H/RO 
SOl 
0 
0 
0 
0 
0 
0 
0 
xOOOOOOOB 


WR 
SOD 
X 
X 
X 
X 
X 
X 
X 
OxxxxxxxB 


S1INT# 
Serial 12C interrupt 
OAH 
INT 
X 
X 
X 
X 
X 
X 
X 
OxxxxxxxB 


OF 
OE 
00 
OC 
OB 
OA 
09 
08 


S1SCS"# 
Serial 12C control 
08H/RO 
SOl 
SCI 
CLH I 
BB 
RBF 
WBF I 
STR 
ENS 
xxxxOOOOB 


WR 
SOO 
SCO 
CLH 
I 
X 
X 
X 
I 
STR 
ENS 
OOxxxxOOB 


SP 
Stack pointer 
81H 
07H 


8F 
8E 
80 
8C 
8B 
8A 
89 
88 


TCON" 
Timer control 
88H 
TF1 
TR1 
TFO I 
TRO 
I 
IE1 
IT1 
I 
lED 
ITO 
DOH 


CF 
CE 
CO 
CC 
CB 
CA 
C9 
C8 


T2CON"# 
Timer 2 control 
C8H 
TF2 
EXF2 
RCLK I TCLK I EXEN2 
TR2 
I 
CIT2 
CP/RL2 
DOH 


THO 
Timer high 0 
8CH 
OOH 
TH1 
Timer high 1 
80H 
DOH 
TH2# 
Timer high 2 
COH 
DOH 
TLO 
Timer low 0 
8AH 
DOH 
TL1 
Timer low 1 
8BH 
DOH 
TL2# 
Timer low 2 
CCH 
DOH 
T3# 
Watchdog timer 
FFH 
DOH 


TMOO 
Timer mode 
89H 
GATE I 
CIT 
I 
M1 
I 
MO 
I GATE 
CIT 
M1 
MO 
DOH 


WOCON# 
Watchdog control 
A5H 
A5H 


INSTRUCTION 
ACCESS TO INTERNAL 
ACCESS TO EXTERNAL 


PROGRAM MEMORY 
PROGRAM MEMORY 


MOVC in internal program memory 
YES 
YES 


MOVC in external program memory 
NO 
YES 


ROM CODE PROTECTION 
By setting a mask programmable security bit, 
the ROM content in the 83C528 is protected, 
I.e., it cannot be read out by any test mode or 
by any instruction in the external program 
memory space. The MOVC instructions are 
the only ones which have access to program 
code in the internal or external program 
memory. The Ell: input is latched during 
RESET and is 'don't care' after RESET (also 
if security bit is not set). This implementation 
prevents reading from internal program code 
by switching from external program memory 
to internal program memory during MOVC 
instruction or an instruction that handles 
immediate data. Table 2 lists the access to 
the internal and external program memory by 
the MOVC instructions when the security bit 
has been set to logical one. If the security bit 
has been set to a logical 0 there are no 
restrictions for the MOVC instructions. 


INTERNAL 
DATA MEMORY 
The internal data memory is divided into 
three physically separated segments: 256 
bytes of RAM, 256 bytes of AUX-RAM, and a 
128 bytes special function area. These can 
be addressed each in a different way. 
- 
RAM 0 to 127 can be addressed directly 
and indirectly as in the 80C51. Address 
pointers are ROand R1 of the selected 
register bank. 


- 
RAM 128 to 255 can only be addressed 
indirectly as in the 80C51. Address 
pointers are ROand R1 of the selected 
register bank. 


- AUX-RAM 0 to 255 is indirectly addressed 


in the same way as external data memory 
with the MOVX instructions. Address 
pointers are RO, R1 of the selected register 
bank and OPTR. An access to AUX-RAM 0 
to 255 will not affect ports PO, P2, P3.6 and 
P3.7. 


An access to external data memory locations 
higher than 255 will be performed with the 
MOVX OPTR instructions in the same way as 
in the 8051 structure, so with POand P2 as 
data/address bus and P3.6 and P3.7 as write 
and read timing signals. Note that these 
external data memory cannot be accessed 
with ROand R1 as address pointer. 


TIMER 2 
Timer 2 is functionally equal to the Timer 2 of 
the 8052AH. Timer 2 is a 16-bit timer/counter. 
These 16 bits are formed by two special 
function registers Tl2 and TH2. Another pair 
of special function register RCAP2l 
and 
RCAP2H form a 16-bit capture register or a 
16-bit reload register. Like Timer 0 and 1, it 
can operate either as a timer or as an event 
counter. This is selected by bit CIT2N in the 
special function register T2CON. It has three 
operating modes: capture, autoload, and 
baud rate generator mode which are selected 
by bits in T2CON. 


WATCHDOG 
TIMER T3 
The watchdog timer consists of an 11-bit 
prescaler and an 8-bit timer formed by 
special function register T3. The prescaler is 
incremented by an on-chip oscillator with a 
fixed frequency of 1MHz. The maximum 
tolerance on this frequency is -50% and 
+100%. The 8-bit timer increments every 
2048 cycles of the on-Chip oscillator. When a 
timer overflow occurs, the microcontroller 
is 


reset and a reset output pulse of 16 x 2048 
cycles of the on-chip oscillator is generated 
at pin RST. The internal RESET signal is not 
inhibited when the external RST pin is kept 
low by, for example, an external reset circuit. 
The RESET signal drives port 1, 2, 3 into the 
high state and port 0 into the high impedance 
state. 


The watchdog timer is controlled by one 
special function register WOCON with the 
direct address location A5H. WOCON can be 
read and written by software. A value of A5H 
in WOCON halts the on-Chip oscillator and 
clears both the prescaler and timer T3. After 
the RESET signal, WOCON contains A5H. 
Every value other than A5H in WOCON 
enables the watchdog timer. When the 
watchdog timer is enabled, it runs 
independently of the XTAl-clock. 


Timer T3 can be read on the fly. Timer T3 
can only be written if WOCON contains the 
value 5AH. A successful write operation to 
T3 will clear the prescaler and WOCON, 
leaving the watchdog enabled and preventing 
inadvertent changes of T3. To prevent an 
overflow of the watchdog timer, the user 


program has to reload the watchdog timer 
within periods that are shorter than the 
programmed watchdog timer internal. This 
time interval is determined by an 8-bit value 
that has to be loaded in register T3 while at 
the same time the prescaler is cleared by 
hardware. 


Watchdog timer interval = 


[256 - 
(T3)] x 2048 


on - chip oscillator frequency 


BIT-LEVEL 
12C INTERFACE 


This bit-level serial I/O interface supports the 


12C-bus. P1.6/SCl 
and P1.7/S0A are the 


serial I/O pins. These two pins meet the 12C 
specification concerning the input levels and 
output drive capability. Consequently, these 
pins have an open drain output configuration. 
All the four modes of the 12C-busare 
supported: 
- master transmitter 
- master receiver 
- slave transmitter 
- slave receiver 


The advantages of the bit-level 12Chardware 
compared with a full software 12C 
implementation are: 
- the hardware can generate the SCl pulse 


- Testing a single bit (RBF respectively, 


WBF) is sufficient as a check for error free 
transmission. 


The bit-level 12Chardware operates on serial 
bit level and performs the following functions: 
- filtering the incoming serial data and clock 
signals 


- recognizing the START condition 
- generating a serial interrupt request SI 


after reception of a START condition and 
the first falling edge of the serial clock 


- recognizing the STOP condition 


- 
recognizing a serial clock pulse on the SCl 
line 


- latching a serial bit on the SOA line (SOl) 
- stretching the SCl 
lOW period of the 


serial clock to suspend the transfer of the 
next serial data bit 


- setting Read Bit Finished (RBF) when the 


SCL clock pulse has finished and Write Bit 
Finished (WBF) if there is no arbitration 
loss detected (i.e., SDA = 0 while SDO = 1) 
- setting a serial clock Low-to-High detected 


(CLH) flag 


- setting a Bus Busy (BB) flag on a START 


condition and clearing this flag on a STOP 
condition 
- releasing the SCL line and clearing the 


CLH, RBF and WBF flags to resume 
transfer of the next serial data bit 
- generating an automatic clock if the single 


bit data register Sl BIT is used in master 
mode. 


The following functions must be done in 
software: 
- handling the 12CSTART interrupts 


- converting serial to parallel data when 


receiving 


- converting parallel to serial data when 


transmitting 


- comparing the received slave address with 


its own 


- interpreting the acknowledge information 


- guarding the 12Cstatus if RBF or WBF = O. 


Additionally, if acting as master: 
- generating START and STOP conditions 


- 
handling bus arbitration 


- generating serial clock pulses if Sl BIT is 
not used. 


Three SFRs control the bit-level12C interface: 
SllNT, SlBITand 
SlSCS. 


INTERRUPT SYSTEM 
The interrupt structure of the 8XC528 is the 
same as that used in the 80C51 , but includes 
two additional interrupt sources: one for the 
third timer/counter, T2, and one for the 12C 
interface. The interrupt enable and interrupt 
priority registers are IE and IP. 


IE: Interrupt Enable Register 
This register is located at address A8H. Refer 
toTable 3. 


IE SFR(AOH) 


6 
5 


IEAIEs11ml 


3 
1 
0 


ES I enl 
EX11 ETOI EXol 


IP: Interrupt Priority Register 
This register is located at address BOH. Refer 
toTable 4. 


IP SFR (B8H) 


6 
s 
I - I pS11 
PT21 


3 
2 
1 
0 


PS 
I PT11 
PX11 PTOI pxol 


The interrupt vector locations and the 
interrupt priorities are: 


Source 
Vector 
0003H 
002BH 
0053H 
OOOBH 
0013H 
001BH 
0023H 


Address 
IEO 
TF2+EXF2 
SI (12C) 
TFO 
IE1 
TF1 
R1+T1 


MNEMONIC 
BIT 
FUNCTION 


EA 
IE.? 
General enable/disable control: 
o = NO interrupt is enabled. 
1 = ANY individually enabled interrupt will be accepted. 


ES1 
IE.6 
Enable bit-level12C 
VO interrupt 


ET2 
IE.5 
Enable Timer 2 interrupt 


ES 
lEA 
Enable Serial Port interrupt 


ET1 
IE.3 
Enable Timer 1 interrupt 


EX1 
IE.2 
Enable External 
interrupt 1 


ETO 
IE.1 
Enable Timer 0 interrupt 


EXO 
IE.O 
Enable External 
interrupt 0 


MNEMONIC 
BIT 
FUNCTION 


- 
IP.? 
Reserved. 


PS1 
IP.6 
Bit-level12C 
interrupt priority level 


PT2 
IP.5 
Timer 2 interrupt priority level 


PS 
IPA 
Serial Port interrupt priority level 


PT1 
IP.3 
Timer 1 interrupt priority level 


PX1 
IP.2 
External 
Interrupt 
1 priority level 


PTO 
IP.1 
Timer 0 interrupt priority level 


PXO 
IP.O 
External 
Interrupt 
0 priority level 


OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol. 


To drive the device from an extemal clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the 
extemal clock signal, because the input to 
the intemal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


RESET 
A reset is accomplished 
by holding the RST 


pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on VDD and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER· DOWN MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
The power-down mode can be terminated by 
a RESET in the same way as in the 80C51 or 
in addition by one of two extemal interrupts, 
INTO or INn. 
A termination with an extemal 


interrupt does not affect the intemal data 
memory and does not affect the special 
function registers. This makes it possible to 
exit power-down without 
changing the port 
output levels. To terminate the power-down 
mode with an extemal interrupt JlilTlj or rnTf 
must be switched to level-sensitive and must 
be enabled. The extemal interrupt input 


signal JlilTlj and rnTf must be kept low until 
the oscillator has restarted and stabilized. An 
instruction following the instruction that puts 
the device in the power-down mode will be 
executed. A reset generated by the watchdog 
timer terminates the power-down mode in the 
same way as an external RESET, and only 
the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are in the special function 
register PCON. 


DESIGN 
CONSIDERATIONS 


At power-on, the voltage on VDD and RST 
must come up at the same time for a proper 
start-up. 


When the idle mode is terminated by a 
hardware reset, the device normally resumes 
program execution, from where it left off, up 
to two machine cycles before the internal 
reset algorithm takes control. On-chip 
hardware inhibits access to internal RAM in 
this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an 
unexpected write when idle is terminated by 
reset, the instruction following the one that 
invokes idle should not be one that writes to a 
port pin or to external memory. 


Table 5 shows the state of I/O ports during 
low current operating modes. 


MODE 
PROGRAM MEMORY 
ALE 
J5SE» 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
o to +70, or-40to 
+85, or-40to 
+125 
°C 


Storage temperature range 
-65 to +150 
°C 


Voltage on any other pin to V55 
-{).5 to Voo +0.5 
V 


Input, output current on any two pins 


. 
±10 
mA 


Power dissipation 
1.0 
W 
(based on package heat transfer limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to V55 unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb~ O°C to +70°C (Voo ~ 5V ±20%), -40°C to +85°C (Voo ~ 5V±20%), 
or-40°Cto 
+125°C (Voo ~ 5V ±10%), V55~OV 


TEST 
UMITS 


SYMBOL 
PARAMETER 
PART TYPE 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage, 
O°C to 70°C 
-{).5 
0.2Vop-{)·1 
V 
except Eli:, Pl.61SCL, Pl.7/SDA 
-40°C to +85°C 
-{).5 
0.2Voo-{)·15 
V 


-40°C to +125°C 
-{).5 
0.2Voo-{)·25 
V 


VIL1 
Input low voltage to Eli: 
O°Cto 70°C 
-{).5 
0.2Vop-{)·3 
V 


-40°C to +85°C 
-{).5 
0.2Voo-{)·35 
V 


-40°C to +125°C 
-{).5 
0.2Voo-{).45 
V 


VIL2 
Input low voltage to Pl.6/SCL, 
Pl.7/SDA3 
-{).5 
0.3Voo 
V 


VIH 
Input high voltage, 
O°C to 70°C 
0.2Voo+0.9 
Voo+0.5 
V 
exceptXTAL1, 
RST, Pl.61SCL, Pl.7/SDA 
-40°C to +85°C 
0.2Voo+l.0 
Voo+0.5 
V 


-40°C to +125°C 
0.2Voo+l.0 
Voo+0.5 
V 


VIHl 
Input high voltage, XTAL 1, RST 
O°C to 70°C 
O·7Voo 
Voo+0.5 
V 


-40°C to +85°C 
O·7Voo+O.l 
Voo+0.5 
V 


-40°C to +125°C 
O·7Voo+O.l 
Voo+0.5 
V 


VIH2 
Input high voltage, Pl.6/SCL, 
Pl.7/SDA3 
0.7Voo 
6.0 
V 


VOL 
Output low voltage, ports 1, 2, 3, except 
IOL~ 1.6mA4 
0.45 
V 
Pl.61SCL, Pl.7/SDAl 
. 


VOL1 
Output low voltage, port 0, ALE, J5SEI\Il 
IOL~3.2mA4 
0.45 
V 


VOL2 
Output low voltage, Pl.61SCL, Pl.7/SDA 
IOL~3.0mA4 
0.4 
V 


VOH 
Output high voltage, ports 1, 2, 3 
Voo ~ 5V ±10%, 


IOH~ -6011A 
2.4 
V 


IOH~ -2511A 
0.75Voo 
V 


IOH~ -1011A 
0.9Voo 
V 


VOHl 
outPu~E~~ 
volta~e, Port 0 in external bus mode, 
Voo ~ 5V ±10%, 
ALE, 
,RST 
IOH~ -80011A 
2.4 
V 


IOH~ --30011A 
0.75Voo 
V 


IOH~-8o,.A 
0.9Voo 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 
O°Cto 70°C 
VIN~0.45V 
-50 
IIA 
except Pl.61SCL, Pl.7/SDA 
-40°C to +85°C 
-75 
IIA 


-40°C to +125°C 
-75 
IIA 


ITL 
Logical Ho-O transition current, ports 1, 2, 3, 
O°C to 70°C 
See note 5 
-650 
IIA 
except P1.61SCL, P1.7/SDA 
-40°C to +85°C 
-750 
IIA 


-40°C to +125°C 
-750 
IIA 


DC ELECTRICAL 
CHARACTERISTICS 
(Continued) 


Tamb= O°C to +70°C (VOO= 5V ±20%), -40°C to +85°C (VOO= 5V ±20%). or-40°C 
to +125°C (VOO= 5V ±10%). Vss=OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
PART TYPE 
CONDITIONS 
MIN 
MAX 
UNIT 


11L1 
Input leakage current. port O.Ell; 
0.45<Vi<Voo 
±10 
IlA 


11L2 
Input leakage current. P1.61SCL. P1.7/SDA 
OV<Vi<6.0V 
±10 
IlA 
OV<Voo<6.0V 
IlA 


100 
Power supply current: 
See notes 6. 7 
Active mode 
35 
mA 


Idle mode 
6 
mA 


Power down mode 
100 
IlA 


Power down mode 
-40°C to +125°C 
150 
IlA 


RRST 
Internal reset pull-down resistor 
50 
150 
kn 


CIO 
Capacitance of I/O buffer 
Freq.=1MHz 
10 
pF 
Tamb= 25°C 


NOTES: 
1. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed 
on the LOW level ouput voltage of ALE. Port 


1 and Port 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make a 1-10-0 
transition during bus operations. In the worst cases (capacitive loading> 
1OOpF).the noise pulse on the ALE line may exceed 0.8V. In such 


cases it may be desirable to qualify ALE with a Schmitt Trigger. or use an address latch with a Schmitt Trigger STROBE input. 


2. 
Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and 'PSE/il to momentarily fall below the 0.9Voo 
specification when the address bits are stabilizing. 
3. 
The input threshold voltage of P1.6 and P1.7 (S101) meets the 12Cspecification. so a voltage below 0.3Voo will be recognized as a logic 0 
while an input above O.NOD will be recognized as a logic 1. 
4. 
Under steady state (non-transient) conditions. IOLmust be externally limited as follows: 


Maximum IOLper port pin: 
10mA 


Maximum IOLper 8-bit port: - 
Porto: 
26mA 
Ports 1, 2, & 3: 
15mA 


Maximum totalloL 
for all output pins: 
71mA 


If IOLexceeds the test condition. VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


5. 
Pins of ports 1. 2. and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 
6. 
See Figures 9 through 12 for 100test conditions. 


7. 
IOOMAXat other frequencies can be derived from the figure below. where FREQ is the external oscillator frequency in MHz. 
IOOMAXis given in mA. 


12 
16 


FREQ. 
AT )(fAU 
(MHz) 


VALID 
ONLY 
WITHIN 
FREQUENCY 
SPECIFICAnONs 
OF DEVICE 
UNDER 
TEST. 


16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltcLCL 
1 
Oscillator frequency 
1.2 
16 
MHz 


lLHLL 
1 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
1 
Address valid to ALE low 
8 
lcLCL-55 
ns 


lLLAX 
1 
Address hold after ALE low 
28 
lcLCL-35 
ns 


lLLlV 
1 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


lLLPL 
1 
ALE low to J5SEIiIlow 
23 
tCLCL-40 
ns 


tPLPH 
1 
J5SEIiIpulse width 
143 
3lcLCL-45 
ns 


tPLIV 
1 
J5SEIiIlow to valid instruction in 
83 
3lcLCL-105 
ns 


tpXIX 
1 
Input instruction hold after J5SEIiI 
0 
0 
ns 


tpXIZ 
1 
Input instruction float after J5SEIiI 
38 
lcLCL-25 
ns 


tAVIV 
1 
Address to valid instruction in 
208 
5lcLCL-105 
ns 


tpLAZ 
1 
J5SEIiIlow to address float 
10 
10 
ns 


Data Memory 


tRLRH 
2,3 
m:> pulse width 
275 
6lcLCL-100 
ns 


tWLWH 
2,3 
WR pulse width 
275 
6tCLCL-100 
ns 


lRLDV 
2,3 
m:> low to valid data in 
148 
5lcLCL-165 
ns 


tRHDX 
2,3 
Data hold after m:> 
0 
0 
ns 


tRHDZ 
2,3 
Data float after m:> 
55 
2!cLCL-70 
ns 


tLLDV 
2,3 
ALE low to valid data in 
350 
I 
8lcLCL-150 
ns 


tAVDV 
2,3 
Address to valid data in 
398 
9lcLCL-165 
ns 


lLLWL 
2,3 
ALE low to m:> or WR low 
138 
238 
3lcLCL-50 
3lcLCL+50 
ns 


tAvwL 
2,3 
Address valid to WR low or m:> low 
120 
4lcLCL-130 
ns 


tavwx 
2,3 
Data valid to WR transition 
3 
tCLCL-60 
ns 


tWHQX 
2,3 
Data hold after WR 
13 
lcLCL-50 
ns 


tRLAZ 
2,3 
m:> low to address float 
0 
0 
ns 


tWHLH 
2,3 
m:> or WR high to ALE high 
23 
103 
lcLCL-40 
lcLCL+40 
ns 


External Clock 


lcHCX 
6 
High time 
20 
20 
ns 


lcLCX 
6 
Low time 
20 
20 
ns 


lcLCH 
6 
Rise time 
20 
20 
ns 


lcHCL 
6 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
4 
Serial port clock cycle time 
750 
12!cLCL 
ns 


taVXH 
4 
Output data setup to clock rising edge 
492 
1OteLCL-133 
ns 


tXHQX 
4 
Output data hold after clock rising edge 
8 
2!cLCL-117 
ns 


tXHDX 
4 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
4 
Clock rising edge to input data valid 
492 
1OlcLCL-133 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and J5SEIiI= 100pF, load capacitance for all other outputs = 80pF. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 
12CSPECIFICATION 


SCL TIMING CHARACTERISTICS 


!HD;STA 
START condition hold time 
~ 14 lcLCL1 
Note 2 
~ 4.0~s 


!Low 
SCLLOWtime 
~ 16tCLCL 
Note 2 
~4.7~ 


!HIGH 
SCL HIGH time 
~ 14 lcLCL1 
~ 80 tCLCL3 
~4.0~ 


tRC 
SCLrisetime 
S 1~S4 
Note 5 
s 1.0~s 


tFC 
SCLfalitime 
s 0.3~S4 
SO.3~6 
S 0.3~s 


SDA TIMING CHARACTERISTICS 


tSU;DATl 
Data set-up time 
~ 250ns 
Note 2 
~ 250ns 


!HD;DAT 
Data hold time 
~ Ons 
Note 2 
~Ons 


tSU;STA 
Repeated START set-up time 
~ 14tCLCL1 
Note 2 
~ 4.7~s 


tSU;STO 
STOP condition set-up time 
~ 14tCLCL1 
Note 2 
~4.0~ 


!aUF 
Bus free time 
~ 14 tCLCL1 
Note 2 
~4.7~ 


tRD 
SDA rise time 
S 1~s4 
Note 5 
S 1.0~s 


tFD 
SDA fall time 
s 0.3~S4 
S 0.3~s 6 
<0.3~ 


NOTES: 
1. At fCLK= 3.5MHz, this evaluates to 14 x 286ns = 4~, 
Le., the bit-level12C interface can respond to the 12Cprotocol for fCLK~ 3.5MHz. 


2. 
This parameter is determined by the user software, it has to comply with the 12C. 
3. This value gives the autoclock pulse length which meets the 12Cspecification for the specified XTAL clock frequency range. Altematively, the 
SCL pulse may be timed by software. 


4. 
Spikes on SDA and SCL Jineswith a duration of less than 4 x fCLKwill be filtered out. 


5. The rise time is determined by the extemal bus line capacitance and pull-up resistor, it must be s 1~s. 
6. The maximum capacitance on bus JinesSDA and SCL is 400pF. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
a - Output data 


first character is always 'f (= time). The other 
R - 1rO signal 
characters, depending on their positions, 
t 
- 
Time 
indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W - WR signal 
A - 
Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Float 


o - Input data 
Examples: 
tAVLL 
H - 
Logic level high 
I - 
Instruction (program memory contents) 


L - 
Logic level low, or ALE 
P - PSEJil 


Time for address valid 
to ALE low. 
Time for ALE low to 
PSEJillow. 


r- tXLXL-l 


OUTPUT 
DATA, 


t 
WRITE 
TO SBUF 


INPUT 
DATA 
'------t' 


CLEAR 
RI 


VO~·5 
- 


O.45V 


VO~'5=X 
>C 


O.2VOO<O·· 


O.4SV 
._O_.2_V..:O,,~=-._1 
_ 


TIMING 
REFERENCE 
POINTS 


NOTE, 


AC inputs 
during 
testing 
are driven 
at VOO -0.5 
for a logic '1' and O.45V for a logic '0'. 


Timing 
measurements 
are made 
at VIH 
min tor a logic 
'1' and VIL for a logic '0'. 


NOTE, 
For timing purposes, a port is no tonger fl08ting when a 100mV change from load 
voltage occurs, and begins to float when a 100mV change from the loaded VOW 
VOL level occurs. IOHIJOL ~ ± 20mA. 


Figure 9. 
100 Test Condition, 
Active 
Mode 
All other pins are disconnected 
Figure 10. 
100 Test Condition, 
Idle Mode 
All other pins are disconnected 


voo-'l.5 - - - - 


o·7Voo 


O.45V 
o.2Voo-'l.1 


teHCL- 


Figure 11. 
Clock Signal Waveform 
for 
100 Testa in Active and Idle Modes 


teLCH = teHCL = 5ns 
Figure 12. 
100 Test Condition, 
Power Down Mode 


All other pins are disconnected. 
Voo = 2V to 5.5V 


NOTE: 
• 
Ports 1.6 and 1.6 should be connected to Voo through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the lOLl specifications. 


Purchase of Philips 12Ccomponents conveys a license under the Philips' 12Cpatent 
to use the components in the 12C system provided the system conforms to the 
12Cspecifications defined by Philips. This specification can be ordered using the 
code 9398 393 40011. 


17 
29 


18 
28 


44 
34 


33 


11 
23 


12 
22 


SUOOI62 


DESCRIPTION 
The 87C528 single-chip 8-bit microcontroller 
is manufactured in an 


advanced CMOS process and is a derivative of the 80C51 
microcontroller family. The 87C528 has the same instruction set as 
the 80C51. Three versions of the derivative exist: 


• 83C528-32k 
bytes mask programmable 
ROM 


• 80C528-ROMless 
version of the 83C528 


• 87C528-32k 
bytes EPROM 


This device provides architectural enhancements that make it 
applicable in a variety of applications in consumer, telecom and 
general control systems, especially in those systems which need 
large ROM and RAM capacity on-chip. 


The 87C528 contains a 32k x 8 EPROM, a 512 x 8 RAM, four 8-bit 
I/O ports, two 16-bit timer/event counters (identical to the timers of 
the 80C51j, a 16-bit timer (identical to the timer 2 of the 80C52l, a 
watchdog timer with a separate oscillator, a multi-source, 
two-priority-Ievel, 
nested interrupt structure, two serial interfaces 


(UART and 12C-busl, and on-chip oscillator and timing circuits. 


In addition, the 87C528 has two software selectable modes of power 
reduction-idle 
mode and power-down mode. The idle mode freezes 


the CPU while allowing the RAM, timers, serial port, and interrupt 
system to continue functioning. The power-down mode saves the 
RAM contents but freezes the oscillator, causing all other chip 
functions to be inoperative. 


• 80C51 instruction set 
- 
32k x 8 EPROM 


-512x8RAM 


- 
Memory addressing capability 


64k ROM and 64k RAM 


- 
Three 16-bit counter/timers 


- 
On-Chip watchdog timer with oscillator 


- 
Full duplex UART 


- 
12C serial interface 


• Power control modes: 
- 
Idle mode 


- 
Power-down mode 


- 
Warm start from power-down 


• CMOS and TTL compatible 


• Extended temperature ranges 


• EPROM code protection 


• OTP package available 


• Two speed ranges at Vcc = 5V 
- 
16MHz 


- 
20MHz 


voo 


PD.DlAOO 


PD.lIAOl 


PD.2/AOZ 


PD.31A03 


PD.41A04 


PD.SlA05 


PD.61AD6 


PD.7/AD7 


E;l; 


ALE 


P2.7/A15 


PZ.61A14 


PZ.SlA13 


PZ.41A12 


PZ.31Al1 


PZ.2/A10 


PZ.lIA9 


PZ.DlAS 


40 


39 


COUNTERS 
,----'-------, 


TO 
T1 


,Im, 
lI'IlT, 


EXTERNAL 
INTERRUPTS 


PARALLEL 
PORTS. 


ADDRESSIDATA 
BUS 
AND 
I/O PINS 


PHILIPS 
PHILIPS NORTH AMERICA 
PART ORDER NUMBER 
PART ORDER 


PART MARKING 
NUMBER 


ROMless 
ROM 
ROMless 
ROM 
Drawing 
TEMPERATURE 
°C RANGE 
FREQ 


Number 
AND PACKAGE 
MHz 


P80C528FBP 
P83C528FBP/xxx 
P80C528FBP N 
P83C528FBP N 
SOT129-1 
o to +70, Plastic Dual In-line Package 
16 


P80C528FBA 
P83C528FBAlxxx 
P80C528FBA A 
P83C528FBA A 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier 
16 


P80C528FBB 
P83C528FBB/xxx 
P80C528FBB B 
P83C528FBB B 
SOT307-22 
o to +70, Plastic Quad Flat Pack 
16 


P80C528FFP 
P83C528FFP/xxx 
P80C528FFP N 
P83C528FFP N 
SOT129-1 
-40 to +85, Plastic Dual In-line Package 
16 


P80C528FFA 
P83C528FFAlxxx 
P80C528FFA A 
P83C528FFA A 
SOT187-2 
-40 to +85, Plastic Leaded Chip Carrier 
16 


P80C528FFB 
P83C528FFBlxxx 
P80C528FFB B 
P83C528FFB B 
SOT307-22 
-40 to +85, Plastic Quad Flat Pack 
16 


P80C528FHP 
P83C528FHP/xxx 
P80C528FHP N 
P83C528FHP N 
SOT129-1 
-40 to +125, Plastic Dual In-line Package 
16 


P80C528FHA 
P83C528FHAlxxx 
P80C528FHA A 
P83C528FHA A 
SOT187-2 
-40 to +125, Plastic Leaded Chip Carrier 
16 


P80C528FHB 
P83C528FHBIxxx 
P80C528FHB B 
P83C528FHB B 
SOT307-22 
-40 to +125, Plastic Quad Rat Pack 
16 


NOTE: 
1. xxx denotes the ROM code number. 
2. 
SOT311 replaced by SOT307-2. 


EPROM 
Drawing 
TEMPERATURE 
°C RANGE 
FREQ 


Number 
AND PACKAGE 
MHz 


P87C528EBP N 
SOT129-1 
o to +70, Plastic Dual In-line Package 
16 


P87C528EBF FA 
0590B 
o to +70, Ceramic Dual In-line Package 
16 
wlWindow 


P87C528EBA A 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier 
16 


P87C528EBL KA 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
16 
wlWindow 


P87C528EBB B 
SOT307-22 
o to +70, Plastic Quad Flat Pack 
16 


P87C528EFP N 
SOT129-1 
-40 to +85, Plastic Dual In-line Package 
16 


P87C528EFF FA 
0590B 
-40 to +85, Ceramic Dual In-line Package 
16 
wlWindow 


P87C528EFA A 
SOT187-2 
-40 to +85, Plastic Leaded Chip Carrier 
16 


P87C528EFB B 
SOT307-22 
-40 to +85, Plastic Quad Flat Pack 
16 


P87C528GBP N 
SOT129-1 
o to +70, Plastic Dual In-line Package 
20 


P87C528GBF FA 
0590B 
o to +70, Ceramic Dual In-line Package 
20 
wlWindow 


P87C528GBA A 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier 
20 


P87C528GBL KA 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
20 
wlWindow 


P87C528GFP N 
SOT129-1 
-40 to +85, Plastic Dual In-line Package 
20 


P87C528GFF FA 
0590B 
-40 to +85, Ceramic Dual In-line Package 
20 
wlWindow 


P87C528GFA A 
SOT187-2 
-40 to +85, Plastic Leaded Chip Carrier 
20 


CERAMIC 
AND PLASTIC 
LEADED 
CHIP CARRIER 


PIN FUNCTIONS 


17 
2. 


18 
28 


Pin 
Function 
Pin 
Function 


1 
NC' 
23 
NC' 


2 
Pl.0IT2 
24 
P2.OIA8 


3 
P1.1fT2EX 
25 
P2.lIA9 


4 
Pl.2 
26 
P2.21A10 


5 
Pl.3 
27 
P2.31Al1 


6 
Pl.4 
28 
P2.41A12 


7 
Pl.5 
29 
P2.51A13 


8 
Pl.6ISCL 
30 
P2.61A14 


9 
P1.7/SDA 
31 
P2.7/A15 


10 
RST 
32 
I'SER 


11 
P3.O!RxD 
33 
ALE 


12 
NC' 
34 
NC' 


13 
P3.1fTxD 
35 
E)I; 


14 
P3.2I1I'lTll 
36 
PO.7/AD7 


15 
P3.3I1mT 
37 
PO.61AD6 


16 
P3.4IT0 
38 
PO.51AD5 


17 
P3.5fT1 
39 
PO.41AD4 


18 
P3.6IWR 
40 
PO.31AD3 


19 
P3.7/RO 
41 
PO.21AD2 


20 
XTAl2 
42 
PO.l/AD1 


21 
XTAL1 
43 
PO.OIADO 
22 
Vss 
44 
Voo 


• DO NOT 
CONNECT 
Suao163A 


LOGIC SYMBOL 


PLASTIC 
QUAD FLAT PACK 
PIN FUNCTIONS 


11 
23 


12 
22 


Pin 
Function 
Pin 
Function 


1 
Pl.5 
23 
P2.51A13 


2 
Pl.61SCL 
24 
P2.61A14 


3 
Pl.7/SDA 
25 
P2.7/A15 


4 
RST 
26 
I'SER 


5 
P3.0IRx0 
27 
ALE 


6 
NC' 
28 
NC' 


7 
P3.1fTxO 
29 
E)I; 


8 
P3.2I1I'lTll 
30 
PO.7/AD7 


9 
P3.3I1mT 
31 
PO.61AD6 


10 
P3.4IT0 
32 
PO.51AD5 


11 
P3.5fT1 
33 
PO.41AD4 


12 
P3.6IWR 
34 
PO.31AD3 


13 
P3.7/RO 
35 
PO.21AD2 


14 
XTAL2 
36 
PO.lIAD1 


15 
XTALl 
37 
PO.OIADO 


16 
Vss 
38 
Voo 


17 
NC' 
3. 
NC' 


18 
P2.OIAB 
40 
P1.0IT2 
,. 
P2.1IA9 
41 
Pl.11T2EX 


20 
P2.21Al0 
42 
P1.2 


21 
P2.31Al1 
43 
Pl.3 
22 
P2.41A12 
44 
Pl.4 


• DO NOT CONNECT 
Suaol64 


PIN NO. 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
circuit ground potential. 


Voo 
40 
44 
38 
I 
Power Supply: 
+5V power supply pin during nonnal operation, Idle mode and 
Power-down mode. 


PO.D-O.7 
39--32 
43--36 
37-30 
1/0 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1s written to 
them float and can be used as high-impedance 
inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to extemal program and data memory. In 
this application, it uses strong internal pull-ups when emitting 1s. 


P1.o-P1.7 
1-8 
2-9 
40-44 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups, except P1.6 and P1.7 
1-3 
which have open drain. Port 1 pins that have 1s written to them are pulled high by the 
internal pull-ups and can be used as inputs. As inputs, port 1 pins that are extemally pulled 
low will source current because of the intemal pull-ups. (See DC Electrical Characteristics: 
IILl. Port 1 can sink/source one TIL 
(4 LSTIL) 
inputs. Port 1 receives the low-order 


address byte during program memory verification. Port 1 also serves altemate functions for 
timer 2: 


1 
2 
40 
I 
T2 (P1.0): TImer/counter 2 external count input (follOWingedge triggered). 


2 
3 
41 
I 
T2EX (P1.1): TImer/counter 2 trigger input. 


7 
8 
2 
1/0 
SCL (P1.6): 
12C serial port clock line. 


8 
9 
3 
1/0 
SDA (P1.7): 
12C serial port data line. 


P2.o-P2.7 
21-28 
24-31 
18-25 
1/0 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with intemal pull-ups. Port 2 pins that have 
1s written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 2 pins that are externally being pulled low will source current because of the 
intemal pull-ups. (See DC Electrical Characteristics: 
IILl. Port 2 emits the high-order 


address byte during fetches from extemal program memory and during accesses to 
external data memory that use 16-bit addresses (MOVX @DPTR). In this application, it 
uses strong intemal pull-ups when emitting 1s. During accesses to external data memory 
that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function 
register. 


P3.o-P3.7 
10-17 
11, 
5, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull· ups. Port 3 pins that have 


13--19 
7-13 
1s written to them are pulled high by the internal pull·ups and can be used as inputs. As 
inputs, port 3 pins that are externally being pulled low will source current because of the 
pull-ups. (See DC Electrical Characteristics: 
IILl. Port 3 also serves the special features of 
the SC80C51 family, as listed below: 
10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 
12 
14 
8 
I 
INTO (P3.2): External interrupt 
13 
15 
9 
I 
lNTf 
(P3.3): External interrupt 


14 
16 
10 
I 
TO (P3.4): TImer 0 external input 


15 
17 
11 
I 
T1 (P3.S): TImer 1 external input 


16 
18 
12 
0 
WR (P3.6): External data memory write strobe 


17 
19 
13 
0 
m:l (P3.7): Extemal data memory read strobe 


RST 
9 
10 
4 
1/0 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An intemal diffused resistor to Vss pennits a power·on reset using only an external 
capacitor to Voo. After a watchdog timer overflow, this pin is pulled high while the intemal 
reset signal is active. 


ALE 
30 
33 
27 
1/0 
Address 
Latch Enable: Output pulse for latching the low byte of the address during an 
access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 
the oscillator frequency, and can be used for external timing or clocking. Note that one ALE 
pulse is skipped during each access to external data memory. 


J5SEfJ 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to externa~am 
memory. When the device is 
executing code from the extemal program memory, 
is activated twice each machine 


cycle, except that two J5SEfJ activations are skipped during each access to external data 
memory. J5SEfJ is not activated during fetches from internal program memory. 


EA 
31 
35 
29 
I 
External 
Access 
Enable: EA must be externally held low during RESET to enable the 


device to fetch code from extemal program memory locations OOOOHto 7FFFH. If EA is 
held high during RESET, the device executes from intemal ~gram 
memory unless the 


program counter contains an address greater than 7FFFH. 
is don't care after RESET. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC* 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B* 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer (2 bytes): 


DPH 
Data pointer high 
83H 
OOH 


DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AO 
AC 
AB 
AA 
A9 
A8 


IE*# 
Interrupt enable 
A8H 
EA 
ES1 
ET2 
ESO I 
ET1 
EX1 
I 
ETO 
EXO 
OOH 


BF 
BE 
BO 
BC 
BB 
BA 
B9 
B8 


IP*# 
Interrupt priority 
B8H 
- 
PS1 
PT2 
PSO I 
PT1 
PX1 
I 
PTO 
PXO 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO* 
PortO 
80H 
AD7 
AD6 
AD5 
AD4 
I 
AD3 
AD2 
I 
AD1 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1* 
Port 1 
90H 
SDA I SEL 
- 
- 
I 
- 
- 
T2EX 
T2 
FFH 


I 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2* 
Port 2 
AOH 
A15 I A14 
I 
A13 
A12 
I 
A11 
I 
A10 
A9 
A8 
FFH 
, 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3* 
Port 3 
BOH 
RD 
I 
WR 
I 
T1 
TO 
I 
INn 
I 
INTO 
TxO 
I 
RxD 
FFH 


PCON 
Power control 
B7H 
SMool 
- 
I 
- 
- 
I 
GF1 
I 
GFO 
PO 
I 
10L 
OxxxOOOOB 


07 
06 
05 
04 
D3 
02 
01 
00 


PSW* 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
RS1 I 
RSO I 
OV 
F1 
I 
P 
OOH 


RCAP2H# 
Capture high 
CBH 
OOH 


RCAP2L# 
Capture low 
CAH 
OOH 


SBUF 
Serial data buffer 
99H 
xxxxxxxxB 


9F 
9E 
90 
9C 
9B 
9A 
99 
98 


SCOW 
Serial controller 
9BH 
SMO 
SM1 
SM2 
REN 
TBB 
RBB 
TI 
RI 
OOH 


S1BIT# 
Seriall2C 
data 
09H1RO 
SOl 
0 
0 
0 
0 
0 
0 
0 
xOOOOOOOB 


WR 
SOO 
X 
X 
X 
X 
X 
X 
X 
OxxxxxxxB 
S1INT# 
Serial12C interrupt 
OAH 
INT 
X 
X 
X 
X 
X 
X 
X 
OxxxxxxxB 


DF 
DE 
OD 
DC 
OB 
DA 
09 
DB 


S1SCS*# 
Seriall2C 
control 
08H1RO 
SOl 
I 
SCI 
I 
CLH I 
BB 
RBF 
I 
WBF 
STR 
I 
ENS 
xxxxOOOOB 


WR 
SDO I SCo I 
CLH I 
X 
X 
I 
X 
STR 
I 
ENS 
OOxxxxOOB 
SP 
Stack pointer 
B1H 
07H 


BF 
8E 
BD 
8C 
BB 
8A 
89 
88 


TCON* 
Timer control 
88H 
TF1 
TR1 
TFO I 
TRO 
IE1 
IT1 
I 
IEO 
ITO 
OOH 


CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 


T2CON*# 
Timer 2 control 
C8H 
TF2 
EXF2 
RCLK I TCLK 
EXEN2 
TR2 
I CfT2 
CPIR12 
OOH 


I 


THO 
Timer high 0 
8CH 
OOH 


TH1 
Timer high 1 
BOH 
OOH 


TH2# 
Timer high 2 
COH 
OOH 


TLO 
Timer low 0 
8AH 
OOH 
TL1 
Timer low 1 
BBH 
OOH 
TL2# 
Timer low 2 
CCH 
OOH 
T3# 
Watchdog timer 
FFH 
OOH 
TMOD 
Timer mode 
B9H 
GATE 
CfT 
M1 
I 
MO 
I GATE 
CfT 
I 
M1 
MO 
OOH 


WDCON# 
Watchdog control 
A5H 
A5H 


INSTRUCTION 
ACCESS TO INTERNAL 
ACCESS TO EXTERNAL 


PROGRAM MEMORY 
PROGRAM MEMORY 


MOVC in internal program memory 
YES 
YES 


MOVC in external program memory 
NO 
YES 


INTERNAL 
DATA MEMORY 
The internal data memory is divided into three physically separated 
segments: 256 bytes of RAM, 256 bytes of AUX-RAM, and a 
128 bytes special function area. These can be addressed each in a 
different way. 
- 
RAM 0 to 127 can be addressed directly and indirectly as in the 
80C51. Address pointers are ROand R1 of the selected register 
bank. 


- RAM 128 to 255 can only be addressed indirectly as in the 80C51. 
Address pointers are ROand R1 of the selected register bank. 
- AUX-RAM 0 to 255 is indirectly addressed in the same way as 


external data memory with the MOVX instructions. Address 
pointers are RO, R1 of the selected register bank and OPTR. An 
access to AUX-RAM 0 to 255 will not affect ports PO, P2, P3.6 
and P3.7. 


An access to external data memory locations higher than 255 will be 
performed with the MOVX OPTR instructions in the same way as in 
the 8051 structure, so with POand P2 as data/address bus and P3.6 
and P3.7 as write and read timing signals. Note that these external 
data memory cannot be accessed with ROand R1 as address 
pointer. 


TIMER 2 
Timer 2 is functionally equal to the Timer 2 of the 8052AH. Timer 2 is 
a 16-bit timer/counter. These 16 bits are formed by two special 
function registers TL2 and TH2. Another pair of special function 
register RCAP2L and RCAP2H form a 16-bit capture register or a 
16-bit reload register. Like Timer 0 and 1, it can operate either as a 
timer or as an event counter. This is selected by bit CIT2N in the 
special function register T2CON. It has three operating modes: 
capture, autoload, and baud rate generator mode which are selected 
by bits in T2CON. 


WATCHDOG 
TIMER T3 


The watchdog timer consists of an 11-bit prescaler and an 8-bit timer 
formed by special function register T3. The prescaler is incremented 
by an on-chip oscillator with a fixed frequency of 1MHz. The 
maximum tolerance on this frequency is -50% and +100%. The 8-bit 
timer increments every 2048 cycles of the on-chip oscillator. When a 
timer overflow occurs, the microcontroller 
is reset and a reset output 


pulse of 16 x 2048 cycles of the on-chip oscillator is generated at pin 
RST. The internal RESET signal is not inhibited when the external 
RST pin is kept low by, for example, an external reset circuit. The 
RESET signal drives port 1, 2, 3 into the high state and port 0 into 
the high impedance state. 


The watchdog timer is controlled by one special function register 
WOCON with the direct address location A5H. WOCON can be read 
and written by software. A value of A5H in WOCON halts the 
on-chip oscillator and clears both the prescaler and timer T3. After 
the RESET signal, WOCON contains A5H. Every value other than 
A5H in WOCON enables the watchdog timer. When the watchdog 
timer is enabled, it runs independently of the XTAL-clock. 


Timer T3 can be read on the fly. Timer T3 can only be written if 
WOCON contains the value 5AH. A successful write operation to T3 
will clear the prescaler and WOCON, leaving the watchdog enabled 
and preventing inadvertent changes of T3. To prevent an overflow of 


the watchdog timer, the user program has to reload the watchdog 
timer within periods that are shorter than the programmed watchdog 
timer internal. This time interval is determined by an 8-bit value that 
has to be loaded in register T3 while at the same time the prescaler 
is cleared by hardware. 


Watchdog timer interval = 
[256 - 
(T3)] x 2048 


on - chip OSCIllatorfrequency 


BIT-LEVEL 
12C INTERFACE 
This bit-level serial 110interface supports the 12C-bus. P1.6/SCL and 
P1.7/S0A are the serial 110pins. These two pins meet the 12C 
specification concerning the input levels and output drive capability. 
Consequently, these pins have an open drain output configuration. 
All the four modes of the 12C-bus are supported: 
- 
master transmitter 


- 
master receiver 


- slave transmitter 
- slave receiver 


The advantages of the bit-level 12Chardware compared with a full 
software 12Cimplementation are: 
- the hardware can generate the SCL pulse 


- Testing a single bit (RBF respectively, WBF) is sufficient as a 


check for error free transmission. 


The bit-level12C hardware operates on serial bit level and performs 
the following functions: 
- filtering the incoming serial data and clock signals 


- 
recognizing the START condition 


- generating a serial interrupt request SI after reception of a START 
condition and the first falling edge of the serial clock 


- 
recognizing the STOP condition 
- 
recognizing a serial clock pulse on the SCL line 


- latching a serial bit on the SOA line (SOl) 
- stretching the SCL LOW period of the serial clock to suspend the 


transfer of the next serial data bit 


- setting Read Bit Finished (RBF) when the SCL clock pulse has 


finished and Write Bit Finished (WBF) if there is no arbitration loss 
detected (I.e., SOA = 0 while SOO = 1) 


- setting a serial clock Low-to-High detected (CLH) flag 
- setting a Bus Busy (BB) flag on a START condition and clearing 


this flag on a STOP condition 


- 
releasing the SCL line and clearing the CLH, RBF and WBF flags 
to resume transfer of the next serial data bit 


- generating an automatic clock if the single bit data register Sl BIT 


is used in master mode. 


The following functions must be done in software: 
- handling the 12CSTART interrupts 


- converting serial to parallel data when receiving 


- converting parallel to serial data when transmitting 


- comparing the received slave address with its own 


- interpreting the acknowledge information 


- 
guarding the 12Cstatus if RBF or WBF = O. 


Additionally, if acting as master: 
- generating START and STOP conditions 


- handling bus arbitration 


- generating serial clock pulses if Sl BIT is not used. 


Three SFRs control the bit-level12C interface: SllNT, Sl BIT and 
SlSCS. 


INTERRUPT SYSTEM 
The interrupt structure of the 8XC528 is the same as that used in the 
80C51 , but includes two additional interrupt sources: one for the 
third timer/counter, T2, and one for the 12Cinterface. The interrupt 
enable and interrupt priority registers are IE and IP. 


IE: Interrupt Enable Register 
This register is located at address A8H. Refer to Table 3. 


IP: Interrupt Priority Register 
This register is located at address B8H. Refer to Table 4. 


MNEMONIC 
BIT 
FUNCTION 
. 


EA 
IE.? 
General enable/disable control: 
o = NO interrupt is enabled. 
1 = ANY individually enabled interrupt will be accepted. 


ES1 
IE.6 
Enable bit·level12C 
VO interrupt 


ET2 
1E.5 
Enable Timer 2 interrupt 
; 


ES 
lEA 
Enable Serial Port interrupt 


En 
IE.3 
Enable Timer 1 interrupt 


EX1 
IE.2 
Enable External 
interrupt 1 


ETO 
IE.1 
Enable Timer 0 interrupt 


EXO 
IE.O 
Enable External 
interrupt 0 


, 


MNEMONIC 
BIT 
FUNCTION 


- 
IP.? 
Reserved. 


PSl 
IP.6 
Bit-level12C 
interrupt priority level 


PT2 
IP.5 
Timer 2 interrupt priority level 


PS 
IP.4 
Serial Port interrupt priority level 


PT1 
IP.3 
Timer 1 interrupt priority level 


PX1 
IP.2 
External 
Interrupt 
1 priority level 


PTO 
IP.l 
Timer 0 interrupt priority level 


PXO 
IP.O 
External 
Interrupt 
0 priority level 


The interrupt vector locations and the interrupt priorities are: 


Source 
Priority 
within 
Level 


Vector 
Address 
0003H 
IEO 
Highest 
002BH 
TF2+EXF2 
0053H 
81 (12C) 
OOOBH 
TFO 
0013H 
IEl 
00lBH 
TF1 
0023H 
R1+T1 
Lowest 


OSCILLATOR 
CHARACTERISTICS 


XTAL 1 and XTAL2 are the input and output, respectively, of an 
inverting amplifier. The pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol. 


To drive the device from an external clock source, XTAL 1 should be 
driven while XTAL2 is left unconnected. There are no requirements 
on the duty cycle of the external clock signal, because the input to 
the internal clock circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and low times specified in 
the data sheet must be observed. 


RESET 
A reset is accomplished 
by holding the RST pin high for at least two 


machine cycles (24 oscillator periods), while the oscillator is running. 
To insure a good power-up reset, the RST pin must be high long 
enough to allow the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At power-up, the voltage on 
Vpp and RST must come up at the same time for a proper start-up. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep while all of the on-chip 
peripherals stay active. The instruction to invoke the idle mode is the 
last instruction executed in the normal operating mode before the 
idle mode is activated. The CPU contents, the on-chip RAM, and all 
of the special function registers remain intact during this mode. The 
idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the interrupt service routine 
and continued), or by a hardware reset which starts the processor in 
the same manner as a power-on reset. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is stopped and the 
instruction to invoke power-down is the last instruction executed. 
The power-down mode can be terminated by a RESET in the same 
way as in the 80C51 or in addition by one of two external interrupts, 
INTO or INT1. A termination with an external interrupt does not affect 
the internal data memory and does not affect the special function 
registers. This makes it possible to exit power-down without 
changing the port output levels. To terminate the power-down mode 
with an external interruptlNTO 
or rnTT must be switched to 


level-sensitive and must be enabled. The external interrupt input 
signallNTO 
and rnTT must be kept low until the oscillator has 


restarted and stabilized. An instruction following the instruction that 
puts the device in the power-down mode will be executed. A reset 
generated by the watchdog timer terminates the power-down mode 
in the same way as an external RESET, and only the contents of the 
on-chip RAM are preserved. The control bits for the reduced power 
modes are in the special function register PCON. 


DESIGN 
CONSIDERATIONS 
At power-on, the voltage on Vpp and RST must come up at the 
same time for a proper start-up. 


When the idle mode is terminated by a hardware reset, the device 
nonmally resumes program execution, from where it left off, up to 
two machine cycles before the internal reset algorithm takes control. 
On-chip hardware inhibits access to internal RAM in this event, but 
access to the port pins is not inhibited. To eliminate the possibility of 
an unexpected write when idle is terminated by reset, the instruction 
following the one that invokes idle should not be one that writes to a 
port pin or to external memory. 


Table 5 shows the state of 1/0 ports during low current operating 
modes. 


MODE 
PROGRAM MEMORY 
ALE 
PSER 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


PARAMETER 
RATING 
UNIT 


o to +70, or 
Operating temperature under bias 
-40 to +85, or 
°c 


-40 to +125 


Storage temperature range 
~5to+150 
°c 


Voltage on any other pin to V55 
--{).5 to Vpp +0.5 
V 


Input, output current on any two pins 
±10 
mA 


Power dissipation 
1.0 
W 
(based on packaae heat transfer limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to V55 unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


T 
b - O°C to +70°C (Voo = 5V ±10%) -40°C to +B5°C (Voo = 5V±10%), 
or-40°C 
to +125°C (Voo = 5V ±10%), Vss=OV 
am 
- 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
PART TYPE 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage, 
O°C to 70°C 
-{).5 
0.2Vee-O·1 
V 
except EA, P1.6/SCL, P1.7/SDA 
-40°C to +B5°C 
-{).5 
0.2Vee-O·15 
V 


VIL1 
Input low voltage to EA 
O°Cto 70°C 
0 
0.2Vee-O·3 
V 


-40°C to +B5°C 
0 
0.2Vee-O·35 
V 


VIL2 
Input low voltage to P1.6/SCL, P1.7/SDA5 
-{).5 
0.3V 
V 


VIH 
Input high voltage, 
O°Cto 70°C 
0.2Vee+0.9 
Vee+0.5 
V 


except XTAL 1, RST, P1.61SCL, P1.7/SDA 
-40°C to +B5°C 
0.2Vee+1.O 
Vee+0.5 
V 


VIHl 
Input high voltage, XTAL 1, RST 
O°C to 70°C 
O·7Vee 
Vee+0.5 
V 


-40°C to +B5°C 
0.7Vee+0.1 
Vee+0.5 
V 


VIH2 
Input high voltage, P1.6/SCL, P1.7/SDA5 
3.0 
6.0 
V 


VOL 
Output low voltage, ports 1, 2, 3, except 
IOL= 1.6mA1 
0.45 
V 
P1.6/SCL, P1.7/SDA1 


VOL1 
Output low voltage, port 0, ALE, PSEIill 
IOL=3.2mAl 
0.45 
V 


VOL2 
Output low voltage, P1.61SCL, P1.7/SDA 
IOL=3.0mAl 
0.4 
V 


VOH 
Output high voltage, ports 1, 2, 3 
IOH=~OI1A 
2.4 
V 


IOH=-2511A 
0.75Vee 
V 


VOH1 
Output high voltage, Port 0 in external bus mode, 
IOH= -80011A 
2.4 
V 
ALE, PSEIil, RST 
IOH= -30011A 
0.75Vee 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 
O°Cto 70°C 
VIN = 0.45V 
-50 
I!A 
except P1.6/SCL, P1.7/SDA 
-40°C to +B5°C 
-75 
I!A 


ITL 
LogicaI1-to-0 
transition current, ports 1,2, 3, 
O°Cto 70°C 
See note 3 
~50 
I1A 
except P1.61SCL, P1.7/SDA 
-40°C to +B5°C 
-750 
I1A 


11L1 
Input leakage current, port 0 
VIN = VIL or VIH 
±10 
I1A 


IIL2 
Input leakage current, P1.6/SCL, P1.7/SDA 
OV<Vk6.0V 
±10 
I1A 


OV<Vee<6.0V 
I1A 


Ice 
Power supply current: 
See note 4 


Active mode @ 16MHz 
OOCto 70°C 
25 
mA 


-40oC to +B5OC 
35 
Idle mode @ 16MHz 
OOCto 70°C 
5 
mA 


-40oC to +B5OC 
6 
Power down mode 
50 
I1A 


RRST 
Internal reset pull-down resistor 
50 
300 
kn 


CIO 
Pin Capacitance 
10 
pF 
NOTES: 
1. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the VOLSof ALE and ports 1 and 3. The 
noise is due to external bus capacitance discharging into the port and port 2 pins when these pins make 1-to-0 transactions during bus 
operations. In the worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed O.BV.In such cases, it may be 
desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. Under steady state 
(non-transient) conditions, IOLmust be externally limited as follows: 1OmA per port pin, port 0 total (all bits) 26mA, ports 1, 2, and total each 
(all bits) 15mA. 


2. 
Capacitive loading on Ports 0 and 2 may cause the VOH on ALE and PSEIil to momentarily fall below the 0.9Vee specification when the 
address bits are stabilizing. 


3. 
Pins of ports 1, 2, and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 


4. 
See Figures 10 through 13 for Ice test conditions. 
5. The input threshold voltage of P1.6 and P1.7 (SI01) meets the 12Cspecification, so an input voltage below 1.5V will be recognized as a logic 
o while an input voltage above 3.0V will be recognized as a logic 1. 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


lltcLCL 
1 
Oscillator frequency: 
Speed Versions 


87C528 
P878C528EXX 
3.5 
16 
MHz 


P878C528GXX 
3.5 
20 
MHz 


luiLL 
1 
ALE pulse width 
85 
2tcLCL-40 
ns 


tAVLL 
1 
Address valid to ALE low 
8 
lcLCL-55 
ns 


ILLAx 
1 
Address hold after ALE low 
28 
lcLCL-35 
ns 


'LLiV 
1 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


'LLPL 
1 
ALE low to PSrn low 
23 
lcLCL-40 
ns 


tPLPH 
1 
PSrn pulse width 
143 
3lcLCL-45 
ns 


tPLIV 
1 
PSrn low to valid instruction in 
83 
3lcLCL-105 
ns 


tPXIX 
1 
Input instruction hold after PSrn 
. 
0 
0 
ns 


tpXIZ 
1 
Input instruction float after PSrn 
38 
lcLCL-25 
ns 


tAVIV 
1 
Address to valid instruction in 
208 
5lcLCL-105 
ns 


tpLAZ 
1 
PSrn low to address float 
10 
10 
ns 


Data Memory 


tRLRH 
2,3 
RO pulse width 
275 
6lcLCL-100 
ns 


tWLWH 
2,3 
WR pulse width 
275 
6lcLCL-l00 
ns 


tRLDV 
2,3 
RO low to valid data in 
148 
5lcLCL-165 
ns 


tRHDX 
2,3 
Data hold after RO 
0 
0 
ns 


tRHDZ 
2,3 
Data float after RO 
55 
2tcLCL-70 
ns 


'LLDZ 
2,3 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVDV 
2,3 
Address to valid data in 
398 
9lcLCL-165 
ns 


'LLWL 
2,3 
ALE low to RO or WR low 
138 
238 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
2,3 
Address valid to WR low or RO low 
120 
4lcLCL-130 
ns 


lavwx 
2,3 
Data valid to WR transition 
3 
lcLCL-60 
ns 


tWHQX 
2,3 
Data hold after WR 
13 
lcLCL-50 
ns 


tRLAZ 
2,3 
RO low to address float 
0 
0 
ns 


tWHLH 
2,3 
RO or WR high to ALE high 
23 
103 
tCLCL-40 
lcLCL+40 
ns 


External 
Clock 


lcHCX 
6 
High time 
20 
20 
ns 


lcLCX 
6 
Low time 
20 
20 
ns 


lcLCH 
6 
Rise time 
20 
20 
ns 


lcHCL 
6 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
4 
Senal port clock cycle time 
750 
12tcLCL 
ns 


laVXH 
4 
Output data setup to clock nsing edge 
492 
1OteLCL-133 
ns 


tXHQX 
4 
Output data hold after clock rising edge 
8 
2tcLCL-117 
ns 


tXHDX 
4 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
4 
Clock nsing edge to input data valid 
492 
1OlcLCL-133 
ns 
NOTES: 
1. 
Parameters 
arB valid over operating 
temperature 
range 
unless 
otherwise 
specified. 


2. 
Load capacitance for port 0, ALE, and PSrn = 100pF, load capacitance for all other outputs = 80pF. 


SYMBOL I 
PARAMETER 
INPUT 
OUTPUT 
12CSPECIFICATION 


SCl TIMING CHARACTERISTICS 


!HD;STA 
START condition hold time 
~ 14 lcLCL1 
Note 2 
;!;4.01'5 


!Low 
SCllOWtime 
~ 16 tCLCL 
Note 2 
~4.7I1S 


!HIGH 
SCl HIGH time 
~ 14 tCLCL1 
;!;80 lcLCL3 
;!;4.0I1s 


tAC 
SClrisetime 
$111S1 
Note 5 
$1.0I1s 


tFC 
SCl fall time 
$0.3I1S1 
$ 0.31'56 
$ 0.31'5 


SDA TIMING CHARACTERISTICS 


lsU;DATl 
Data set-up time 
~ 250ns 
Note 2 
;!;250ns 


tHD;DAT 
Data hold time 
;!;Ons 
Note 2 
;!;Ons 


tSU;STA 
Repeated START set-up time 
~ 14 tCLCL1 
Note 2 
;!;4.71'5 


tSU;STO 
STOP condition set-up time 
~ 14tCLCL1 
Note 2 
;!;4.01'5 


!aUF 
Bus free time 
;!; 14 lcLCL1 
Note 2 
~4.7I1S 


tAD 
SDArisetime 
$111S4 
Note 5 
$ 1.01'5 


tFD 
SDA fall time 
$ 0.311S4 
$ 0.31'5 6 
S 0.31'5 
NOTES: 
1. At fCLK= 3.5MHz, this evaluates to 14 x 286ns = 411S,i.e., the bit-level12C interface can respond to the 12Cprotocol for fCLK;!; 3.5MHz. 
2. This parameter is determined by the user software, it has to comply with the 12C. 
3. This value gives the autoclock pulse length which meets the 12Cspecification for the specified XTAl clock frequency range. Alternatively, the 


SCl pulse may be timed by software. 
4. 
Spikes on SDA and SCl lines with a duration of less than 4 x fCLKwill be filtered out. 


5. The rise time is determined by the external bus line capacitance and pull-up resistor, it must be $ 111s. 
6. The maximum capacitance on bus lines SDA and SCl is 400pF. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The first character is always 
't' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. The 
designations are: 
A - Address 
C- 
Clock 
D - 
Input data 


H - 
Logic level high 
I - 
Instruction (program memory contents) 


L - 
Logic level low, or ALE 


P - P5EN 
Q - 
Output data 
R - 
ROsignal 


t 
- Time 
V - 
Valid 
w- WF! signal 
X - 
No longer a valid logic level 


Z - 
Float 
Examples: 
tAVLL = Time for address valid to ALE low. 
lLLPL = Time for ALE low to P5EN low. 


HltXHQXI 


OUTPUT DATA, 


t 
WRITE TO SBUF 


INPUT 
DATA 
~' 


CLEAR RI 


VCC-O·5 


O.45V 


Voo-<l5=x 
>C 
o 2VOo..o9 


o 45V 
,-O_2V_O_O_-o_, 
_ 


NOTE, 


AC inputs 
during 
testing 
are driven 
at VOO -0.5 
for a logic ',' 
and O.45V for a logic '0', 


Timing 
measurements 
are made 
at VIH min for a logic ',. and VIL max for a logic '0', 


TIMING 


REFERENCE 
POINTS 


NOTE, 


For timing 
purposes, 
a port is no longer 
floating 
when 
a l00mV 
change 
from 
load 
voltage 
occurs, 
and begins 
to floal 
when 
a l00mV 
change 
from the loaded 
VOtIVOl 


level 
occurs. 
loWlOl 
2: ±20mA. 


Figure 9. lee vs. FREQ. 
Valid only within frequency specifications 
of the device under test 


Figure 10. 
100 Test Condition, 
Active 
Mode 
All other pins are disconnected 
Figure 11. 100 Test Condltion,ldle 
Mode 


All other pins are disconnected 


VCC-O·5 
- 
- 
- 
- 
C·7VCC 


O.45V 
O.2VCC-O.1 


lcHCL --- 
lcLC 


Figure 12. Clock Signal Waveform 
for 


100 Tests in Active and Idle Modes 
lcLcH = lcHcL = 5ns 


Figure 13. 
100 Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Voo = 2V to 5.5V 


NOTE: 
• 
Ports 1.6 and 1.7 should be connected to Voo through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the IOL1specifications. 


EPROM CHARACTERISTICS 
The 87C528 is programmed by using a modified Quick-Pulse 
Programming'· 
algorithm. It differs from older methods in the value 
used for Vpp (programming supply voltage) and in the width and 
number of the ALEIPROG pulses. 


The 87C528 contains two signature bytes that can be read and used 
by an EPROM programming system to identify the device. The 
signature bytes identify the device as an 87C528 manufactured by 
Philips. 


Table 6 shows the logic levels for reading the signature byte, and for 
programming the program memory, the encryption table, and the 
lock bits. The circuit configuration and waveforms for quick-pulse 
programming are shown in Figures 14 and 15. Rgure 16 shows the 
circuit configuration for normal program memory verification. 


Quick-Pulse Programming 
The setup for microcontroller quick-pulse programming is shown in 
Figure 14. Note that the 87C528 is running with a 4 to 6MHz 
oscillator The reason the oscillator needs to be running is that the 
device is executing internal address and program data transfers. 


The address of the EPROM location to be programmed is applied to 
ports 1, 2 and 3, as shown in Figure 14. The code byte to be 
programmed into that location is applied to port O.RST, "PSEl'l and 
pins of ports 2 and 3 specified in Table 6 are held at the 'Program 
Code Data' levels indicated in Table 6. The ALEIPROG is pulsed 
low 25 times as shown in Rgure 15. 


To program the encryption table, repeat the 25 pulse programming 
sequence for addresses 0 through 3FH, using the 'Pgm Encryption 
Table' levels. Do not forget that after the encryption table is 
programmed, verification cycles will produce only encrypted data. 


To program the lock bits, repeat the 25 pulse programming 
sequence using the 'Pgm Lock Bit' levels. After one lock bit is 
programmed, further programming of the code memory and 
encryption table is disabled. However, the other lock bit can still be 
programmed. 


Note that the T:ANpp pin must not be allowed to 90 above the 
maximum specified Vpp level for any amount of time. Even a narrow 
glitch above that voltage can cause permanent damage to the 
device. The Vpp source should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 


If lock bit 2 has not been programmed, the on-chip program memory 
can be read out for program verification. The address of the program 


memory locations to be read is applied to ports 1, 2 and 3 as shown 
in Figure 16. The other pins are held at the 'Verify Code Data' levels 
indicated in Table 6. The contents of the address location will be 
emitted on port O. External pull ups are required on port 0 for this 
operation. 


If the encryption table has been programmed, the data presented at 
port 0 will be the exclusive NOR of the program byte with one of the 
encryption bytes. The user will have to know the encryption table 
contents in order to correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 
The signature bytes are read by the same procedure as a normal 
verification of locations 030H and 031 H, except that P3.6 and P3.7 
need to be pulled to a logic low. The values are: 


(030H) = 
15H indicates manufactured 
by Philips 
(031 H) = 
9BH indicates 87C528 


Program Lock Bits 
The 87C528 has 3 programmable lock bits that will provide different 
levels of protection for the on-chip code and data (see Table 7). 


Erasing the EPROM also erases the encryption array and the 
program lock bits, returning the part to full tunctionality. 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the conditions listed in Table 6, and 
which satisfies the timing specifications, 
is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have wavelengths 
in this 


range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. For this and secondary 
effects, 


it is recommended 
that an opaque 
label be placed over the 


window. 
For elevated temperature or environments where solvents 


are being used, apply Kapton tape Fluorglas part number 2345-5, or 
equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-seclcm2. 
Exposing the EPROM to an ultraviolet lamp of 12,000l1W/cm2 rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. Erasure leaves the array in an all 1 s state. 


MODE 
RST 
PSEN 
ALEJPR"OG" 
r=TVvpp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O· 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 


Pgm lock bit 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 


Pgm lock bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


Pgm lock bit 3 
1 
0 
O· 
Vpp 
0 
1 
0 
1 


NOTES: 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. 
Vpp = 12.75V ±O.25V. 


3. 
Vcc = 5V ±10% during programming and verification. 


• 
ALEII'ROO 
receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for lOOl1s (±lOl1s) and high for a 
minimum of lOllS. 


PROGRAM LOCK BITS'.2 


LB1 
LB2 
LB3 
PROTECTION 
DESCRIPTION 


1 
U 
U 
U 
No Program Lock leatures enabled. (Code verily will still be encrypted by the Encryption Array il programmed.) 


2 
P 
U 
U 
MOVe instructions executed Irom external program memory are disabled Irom letching code by1es Irom 
Internal memory. EA is jumped and latched on Reset. and lurther programming 01the EPROM Is disabled. 


3 
P 
P 
U 
Same as 2. also verily is disabled. 


4 
P 
P 
P 
Same as 3. external execution is disabled. Internal data RAM is not accessible. 


NOTES: 
1. P - programmed. 
U - unprogrammed. 
2. 
Any other combination 01the lock bits is not defined. 


vcc 


Pl 
PO 


RST 
nNpp 


P3.6 
AI..EII'I1OG 


P3.7 
87C528 
I'SEI'1 


XTAl2 
P2.7 


P2.6 


XTALl 
P2.o-P2.5 


vss 
P3.4 


I 
c: 
1 
10J!SMIN --1 1------- 
100J.l.s.±10----~.I 


ALEJI'"ROl:r--0 
I 
--'n~ 
n-- 


vcc 


Ao-A7 
P1 
PO 
PGMDATA 


RST 
nNpp 


P3.6 
AI..EII'I1OG 


P3.7 
87C528 
I'SEI'1 


XTAl2 
P2.7 
o m;I.ll[E 


P2.6 


XTAL1 
P2.o-P2.5 
AB-A13 


vss 
P3.4 
A14 


SUOO173 


Figure 16. Program 
Verlication 


1996Aug 
16 
3-428 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C to +27°C, 
Vcc = 5V±10%, 
VSS = OV (See Figure 
17) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


l/teLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup to J5ROG low 
48teLCL 


lGHAX 
Address 
hold after J5ROG 
48teLCL 


tDVGL 
Data setup to J5ROG low 
48teLCL 


tGHDX 
Data hold after J5ROG 
48teLCL 


tEHSH 
P2.7 (EfiIABCE) high to Vpp 
48teLCL 


tSHGL 
Vpp setup to J5ROG low 
10 
I1S 


lGHSL 
Vpp hold after J5ROG 
10 
I1S 


lGLGH 
J5R0Gwidth 
90 
110 
I1S 


tAVQV 
Address 
to data valid 
48teLCL 


tELQZ 
El'lABCE 
low to data valid 
48teLCL 


tEHOZ 
Data float after El'lABCE 
0 
48teLCL 


lGHGL 
J5ROG high to J5ROG low 
10 
I1s 


PROGRAMMING' 


ADDRESS 


lGHDX 
lGHAX 


NOTE: 


FORPROGRAMMINGVERIFICATIONSEEFIGURE14. 
FORVERIFICATIONCONDITIONSSEEFIGURE16. 


Purchase of Philips 12Ccomponents conveys a license under the Philips' 12Cpatent 
to use the components in the 12C system provided the system conforms to the 
12Cspecifications defined by Philips. This specification can be ordered using the 
code 9398 393 40011. 


1 
FEATURES 


• 80C51 central 
processing 
unit 


• 32K x 8 ROM, expandable 
externally 
to 64 kbytes 


• ROM code protection 


• 512 x 8 RAM, expandable 
externally 
to 63 kbytes 


• Four 8-bit I/O ports 


• Full-duplex 
UART compatible 
with the standard 
80C51 and the 8052 


• Two standard 
16-bit timer/counters 


• An additional 
16-bit timer (functionally 
equivalent 
to 
the timer 2 of the 8052) 


• On-chip 
Watchdog 
Timer (WDT) with an on-chip 
oscillator 


• Bit-level 
12C-bus hardware 
serial I/O Port 


• 7-source 
and 7-vector 
interrupt 
structure 
with 2 
priority 
levels 


• Up to 3 external 
interrupt 
request 
inputs 


• Two programmable 
power reduction 
modes 
(Idle and 
Power-down) 


• Termination 
of Idle mode by any interrupt, 
external 
or 
WDT (watchdog) 
reset 


• Wake-up 
from Power-down 
by external 
interrupt, 
external 
or WDT reset 


• Software 
enable/disable 
of ALE output pulse 


• Electro-Magnetic 
Compatibility 
(EMC) improvements 


• XTAL frequency 
range: 3.5 MHz to 16 MHz 


• 4.5 to 5.5 V supply voltage 
range 


• Extended 
Temperature 
range (-40 to +85°C) 


2 
GENERAL DESCRIPTION 
The P83CE528, 
P80CE528 
(hereafter 
generically 


referred to as P8xCE528) 
single-chip 
8-bit 


microcontroller 
is manufactured 
in an advanced 


CMOS process 
and is a derivative 
of the PCB80C51 
microcontroller 
family . 


The P8xCE528 
has the same instruction 
set as the 
80C51. Two versions 
of the derivative 
exist: 


• P83CE528: 
32kbytes 
mask programmable 
ROM 


• P80CE528: 
ROM less version 
of the P83CE528 


This device provides 
architectural 
enhancements 
that 
make it applicable 
in a variety of applications 
in 


general 
control 
systems, 
especially 
in those systems 
which need a large ROM and RAM capacity 
on chip. 


The P8xCE528 
contains 
a non-volatile 
32K x 8 


read-only 
program 
memory 
(P83CE528), 
a volatile 
512 x 8 read/write 
data memory, four 8-bit I/O ports, 


two 16-bit timer/event 
counters 
(identical 
to the timers 
of the 80C51), 
a 16-bit timer (identical 
to the timer 2 of 
the 8052), a multi-source, 
two-priority-Ievel, 
nested 


interrupt 
structure, 
two serial interfaces 
(UART and 
bit-level 
12C-bus), 
an on-chip 
oscillator 
and timing 


circuits, 
a watchdog 
timer (WDT) with a separate 


on-chip 
oscillator. 
For systems 
that require extra 


capability, 
the P8xCE528 
can be expanded 
using 


standard 
TTL compatible 
memories 
and logic. 


In addition, 
the P8xCE528 
has two software 
selectable 
modes of power reduction 
- Idle mode and 


Power-down 
mode. The Idle mode freezes 
the CPU 


while allowing 
the RAM, timers, 
serial ports and 


interrupt 
system to continue 
functioning. 
The 


Power-down 
mode saves the RAM contents 
but 


freezes 
the oscillator, 
causing 
all other chip functions 


to be inoperative. 


The device also functions 
as an arithmetic 
processor 
having facilities 
for both binary and BCD arithmetic 


plus bit-handling 
capabilities. 
The instruction 
set 


consists 
of over 100 instructions: 
49 one-byte, 


45 two-byte, 
and 17 three-byte. 
With a 16 MHz crystal, 


58% of the instructions 
are executed 
in 0.75llS and 


40% in 1.5I1S. Multiply and divide instruction 
require 


3llS· 


3 
ELECTROMAGNETIC 
COMPATIBILITY 
(EMC) 
Primary 
attention 
is paid to the reduction 
of 
electro-magnetic 
emission 
of the microcontroller 
P8xCE528. 
The following 
features 
reduce the 
electro-magnetic 
emission 
and additionally 
improve 


the electromagnetic 
susceptibility: 


• Two supply voltage 
pins (V001 ;2) and four ground 


pins (VSS1;2;3;4) are provided 
on the package 
as 


follows: 


- one Voo and one Vss as a pair of pins placed 


mid-center 
on one side of the package 


- a second 
pair of Voo and Vss pins placed 


mid-center 
on the opposite 
side of the package 


- two more Vss pins, one placed on each of the 


other two sides of the package. 


• Separated 
Voo pins for the internal 
logic and the 
port buffers. 


• Internal decoupling 
capacitance 
improves 
the EMC 


radiation 
behavior 
and the EMC immunity. 


• External 
capacitors 
are to be located as close as 


possible 
between 
pins Voo1 and Vss1 as well as 


V002 and VSS3; ceramic 
chip capacitors 
are 


recommended 
(100 nF). 


3.1 
Recommendation 
on ALE 
For applications 
that require no external 
memory 
or 


temporarily 
no extemal 
memory: 
the ALE output signal 
(pulses at a frequency 
of fosd6) can be disabled 


under software 
control 
(bit 5 in the PCON SFR: "RFI"); 
if disabled, 
no ALE pulse will occur. ALE pin will be 


pulled down internally, 
switching 
an external 
address 


latch to a quiet state. The MOVX instruction 
will still 


toggle ALE as a normal MOVX. ALE will retain its 
normal 
HIGH value during 
Idle mode and a LOW 


value during Power-down 
mode while in the "RFI" 


reduction 
mode. 


Additionally 
during internal 
access 
(EA = 1) ALE will 
toggle 
normally 
when the address 
exceeds 
the internal 
program 
memory 
size. During external 
access 


(EA = 0) ALE will always toggle 
normally, 
whether 
the 
flag "RFI" is set or not. 


EXTENDED 
PACKAGE 
ITEMPERATURE 
FREQUENCY 
TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 
RANGE 
(OC) 
(MHz) 


ROM less 


P80CE528EBB 
44 
QFP 
plastic 
SOT307-2 
o to +70 
3.5 to 16 


P80CE528EFB 
44 
QFP 
plastic 
SOT307-2 
-40 
to +85 
3.5 to 16 


P80CE528EBA 
44 
PLCC 
plastic 
SOT187-2 
o to +70 
3.5 to 16 


P80CE528EFA 
44 
PLCC 
plastic 
SOT187-2 
-40 
to +85 
3.5 to 16 


ROM 


P83CE528EBB 
44 
QFP 
plastic 
SOT307-2 
o to +70 
3.5 to 16 


P83CE528EFB 
44 
QFP 
plastic 
SOT307-2 
-40 
to +85 
3.5 to 16 


P83CE528EBA 
44 
PLCC 
plastic 
SOT187-2 
o to +70 
3.5 to 16 


P83CE528EFA 
44 
PLCC 
plastic 
SOT187-2 
-40 
to +85 
3.5 to 16 


COUNTER 
INPUTS 
SHARED 
WITH 
PORT 
3 
~ 
TO 
T1 


SHARED 
WITH 
PORT' 
~ 
T2 
T2EX 
--, 


I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
---------' 


INTO 
rnTl 
'---,----J 


EXTERNAL 
INTERRUPTS 
SHARED 
WITH 
PORT 
3 


CONTROL 
PARALLEL 
PORTS, 
ADDRESSIDATA 
BUS 
AND 
110 PINS 


Figure 1. Block diagram 
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Figure 2. Functional diagram 
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5 
PINNING 
INFORMATION 


5.1 
Pinning 


x 
8 
1:j 8 
w 
0 


"": 
"l 
"! ~ ~ ~ ~ ~ ~ ~ ;!i 


a: 
a: 
a: 
a: 
a: 
iZ 
d 
d 
d 
0. 
0. 
0. 


Pl.5 
PO.4/AD4 


PO.51AD5 


PO.61AD6 


PO.l/AD7 


P3.OIDATAlRxD 
5 
EJ( 


VSS2 


P3.1/CLOCKlTxD 
7 
ALE 


P3.2I1NTO 
8 
2 
l'Sm 


P3.3III'lTl 
9 
P2.7/A15 


P3.4ITO , 
P2.61A14 


P2.51A13 


~ ~ ~ 


~ ~ ~ ~ 


0> 
0 
'" 
~ 
~ ~ ~ ~ 
,; ~ 
~ ~ 
0. 
~ ~ ~ 


Figure 3. Pin configuration: 44-lead QFP; (SOT307-2) 
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PO.51AD5 
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Figure 4. Pin configuration: 44-lead PLCC; (SOT187-3) 
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PIN 


SYMBOL 
DESCRIPTION 
QFP 
PLCC 


P1.0to 
P1.7 
40-44, 
2-9 
Port 1: 
8-it quasi-bidirectional 
I/O port. Port 1 can sink/source 
one TTL 
1-3 
(= 4 LSTTL) 
input. It can drive CMOS 
inputs without 
external 
pull-ups, 


except P1.6 and P1.7, which have open drain outputs. 


Port 1 alternative 
functions: 


P1.0/T2 
40 
2 
Timer/event 
counter 
2 external 
event counter 
input (falling edge triggered). 


P1.1/T2EX 
41 
3 
Timer/event 
counter 
2 capture/reload 
trigger 
or external 
interrupt 
2 input 
(falling edge triggered). 


P1.6/SCL 
2 
8 
12C-bus Serial Port clock line. 


P1.7/SDA 
3 
9 
12C-bus Serial Port data line. 


RST 
4 
10 
RESET: 
A HIGH level on this pin for two machine 
cycles while the 


oscillator 
is running, 
resets the device. An internal 
pull-down 
resistor 


permits 
power-on 
reset using only a capacitor 
connected 
to Voo. After a 


WDT overflow, 
this pin is pulled HIGH while the internal 
reset signal is 


active. 


P3.0 to P3.7 
5, 
11, 
Port 3: 
8-bit quasi-bidirectional 
I/O port with internal 
pull-ups. 
Port 3 can 
7-13 
13-19 
sink/source 
one TTL (= 4 LSTTL) 
input. It can drive CMOS 
inputs without 


external 
pull-ups. 


Port 3 alternative 
functions: 


P3.0/RxD/data 
5 
11 
Serial Port data input (asynchronous) 
or data input/output 
(synchronous). 


P3.1/TxD/clock 
7 
13 
Serial Port data output (asynchronous) 
or clock output (synchronous). 


P3.2IIl'JTO 
8 
14 
External 
interrupt 
0 or gate control 
input for timer/event 
counter 
O. 


P3.31JNTT 
9 
15 
External 
interrupt 
1 or gate control 
input for timer/event 
counter 
1. 


P3.4/T0 
10 
16 
External 
input for timer/event 
counter O. 


P3.5/T1 
11 
17 
External 
input for timer/event 
counter 
1. 


P3.6/WR 
12 
18 
External 
data memory 
write strobe. 


P3.7/RD 
13 
19 
External 
data memory 
read strobe. 


The generation 
or use of a Port 3 pin as an alternative 
function 
is carried 


out automatically 
by the P8xCE528 
provided 
the associated 
Special 


Function 
Register 
(SFR) bit is set HIGH. 


XTAL2 
14 
20 
Crystal 
pin 2: 
Output of the inverting 
amplifier 
that forms the oscillator. 


This pin left open-circuit 
when an external 
oscillator 
clock is used. 


XTAL1 
15 
21 
Crystal 
pin 1: 
Input to the inverting 
amplifier 
that forms the oscillator, 
and 
input to the internal clock generator. 
Receives 
the external 
oscillator 
clock 


signal when an external 
oscillator 
is used. 


VSS1;2;3;4 
16,28, 
22,34, 
Ground: 
Circuit ground potential. 
All pins must be connected. 
39,6 
1,12 


P2.0 to P2.7 
18-25 
24-31 
Port 2: 
8-bit quasi-bidirectional 
I/O Port with internal 
pull-ups. 
During 


access to external 
memories 
(RAM/ROM) 
that use 16-bit addresses 
(MOVX@DPTR) 
Port 2 emits the high-order 
address 
byte (A8 to A 15). 


Port 2 can sink/source 
one TTL (= 4 LSTTL) 
input. It can drive CMOS 
inputs without 
external 
pull-ups. 


PIN 
, 


SYMBOL 
DESCRIPTION 
QFP 
PLCC 


PSEN 
26 
32 
Program 
Store 
Enable 
output: 
Read strobe to the external 
program 


memory 
via Port 0 and Port 2. It is activated 
twice each machine 
cycle 


during fetches 
from external 
program 
memory. When executing 
out of 


external 
program 
memory, two activations 
of PSEN are skipped 
during each 


access to external 
data memory. PSEN is not activated 
(remains 
HIGH) 


during no fetches 
from external 
program 
memory. PSEN can sink/source 


8 LSTTL inputs. It can drive CMOS 
inputs without 
external 
pull-ups. 


ALEJWE 
27 
33 
Address 
Latch 
Enable 
output: 
Latches the LOW byte of the address 


during access to external 
memory 
in normal operation. 
It is activated 
every 


six oscillator 
periods 
except during an external 
data memory 
access. 


ALEJWE can sink/source 
8 LSTTL inputs. It can drive CMOS 
inputs without 


an external 
pull-up (note 1). 


EA 
29 
35 
External 
Access 
input: 
When during RESET, EA is held at a TTL HIGH 


level, the CPU executes 
out of the internal 
program 
ROM, provided 
the 


program 
counter 
is less than 32768. When EA is held at a TTL LOW level 


during RESET, the CPU executes 
out of external 
program 
memory 
via 


Port 0 and Port 2. EA is not allowed 
to float. EA is latched during 
RESET 


and don't care after RESET. 


PO.Oto PO.7 
30-37 
36--43 
Port 0: 
8-bit open drain bidirectional 
I/O port. It is also the multiplexed 


low-order 
address 
and data bus during accesses 
to external 
memory 
(ADO 


to AD7). During these accesses 
internal 
pull-ups 
are activated. 
Port 0 can 


sink/source 
8 LSTTL inputs. 


VOO1;2 
Power 
supply: 
+5V power supply pin during normal operation 
and power 


reduction 
modes. 
Both pins must be connected. 


VOO1 
17 
23 
Power supply pin for ports, ALE, PSEN, and on-chip 
oscillator. 


VOO2 
38 
44 
Power supply pin for internal 
logic 


To avoid a latch-up 
effect at power-on, 
the voltage 
on any pin (at any time) 


must not be higher than Voo + 0.5V or lower than Vss - 0.5V, respectively. 


NOTES: 
1. To prohibit the toggling 
of ALEJWE pin (RFI noise reduction) 
the bit RFI in the PCON register 
(PCON.5) 
must be 
set by software. 
This bit is cleared 
on RESET and can be cleared 
by software. 
When set, ALEIWE 
pin will be 
pulled down internally, 
switching 
an external 
address 
latch to a quiet state. The MOVX instruction 
will still toggle 
ALEJWE as a normal MOVX. ALEJWE will retain its normal 
HIGH value during 
Idle mode and a LOW value 
during 
Power-down 
mode while in the "RFI" mode. Additionally, 
during internal 
access 
(EA = 1) ALEIWE 
will 
toggle normally 
when the address 
exceeds 
the internal 
program 
memory 
size. During external 
access 
(EA = 0) 
ALEJWE will always toggle 
normally, 
whether 
the flag "RFI" is set or not. 


6.1 
General 
The P8xCE528 
is a stand-alone 
high-performance 


microcontroller 
designed 
for use in real time 


applications 
such as instrumentation, 
industrial 


control, 
medium 
to high-end 
consumer 
applications 


and specific 
automotive 
control 
applications. 


In addition 
to the 80C51 standard 
functions, 
the device 


provides 
a number of dedicated 
hardware 
functions 
for 


these applications. 
The P8xCE528 
is a 


control-oriented 
CPU with on-chip 
program 
and data 


memory. 
It can be extended 
with external 
program 


memory 
up to 64 kbytes. 
It can also access 
up to 


64 kbytes of external 
data memory. 
For systems 


requiring 
extra capability, 
the P8xCE528 
can be 


expanded 
using standard 
memories 
and peripherals. 


The P8xCE528 
has two software 
selectable 
modes of 
reduced 
activity for further 
power reduction: 
Idle and 


Power-down. 
The Idle mode freezes 
the CPU while 


allowing 
the RAM, timers, 
serial ports and interrupt 


system to continue 
functioning. 
The Power-down 


mode saves the RAM contents 
but freezes 
the 


oscillator 
causing 
all other chip functions 
to be 


inoperative 
except the WDT if it is enabled. 
The 


Power-down 
mode can be terminated 
by an external 


reset, a WDT overflow, 
and in addition, 
by either of the 


two external 
interrupts. 


6.2 
MemoryOrganization 


The central 
processing 
unit (CPU) manipulates 


operands 
in three memory 
spaces; 
these are the 


64 kbyte external 
data memory 
(of which the lower 


256 bytes reside in the internal AUX-RAM), 
512 byte 


internal data memory 
(consisting 
of 256 bytes 


standard 
RAM and 256 bytes AUX-RAM) 
and the 


64 kbyte internal and external 
program 
memory. 


6.2.1 
PROGRAMMEMORY 
The program 
memory 
of the P8xCE528 
consists 
of 


32 kbytes of ROM on-chip, 
externally 
expandable 
up 


to 64 kbytes. 
If the EA pin was HIGH during 
RESET, 


the P8xCE528 
executes 
out of the internal 
program 


memory 
unless the address 
exceeds 
7FFFH. 
Locations 
8000H through 
OFFFFH are then fetched 


from the external 
program 
memory. 
If the EA pin was 


LOW during RESET, the P8xCE528 
fetches 
all 
instructions 
from the external 
program 
memory. The 


EA input level is latched during 
RESET and is 
"Don't Care" after RESET. Figure 5 illustrates 
the 


program 
memory 
address 
space. 


By setting a mask programmable 
security 
bit (ROM) 


respectively 
software 
programmable 
security 
byte 
(FEEPROM) 
the internal 
memory 
content 
is protected, 
Le., it cannot 
be read out by any test mode or by any 
instruction 
in the external 
program 
memory 
space. 


The MOVC instructions 
are the only ones which 
have 


access to program 
code in the internal 
or external 


program 
memory. The EA input is latched 
during 


RESET and is "Don't Care" after RESET. This 
implementation 
prevents 
reading from internal 


program 
code by switching 
from external 
program 


memory 
to internal 
program 
memory 
during 
MOVC 


instruction 
or an instruction 
that handles 
immediate 


data. Table 1 lists the access to the internal 
and 


external 
program 
memory 
by the MOVC instructions 


when the security 
feature 
has been activated. 
If the 


security 
feature 
is not activated, 
there are no 


restrictions 
for the MOVC 
instructions. 


I 
INSTRUCTION 
ACCESS 
TO INTERNAL 
ACCESS 
TO EXTERNAL 


PROGRAM 
MEMORY 
PROGRAM 
MEMORY 


MOVC 
in internal 
program 
memory 
YES 
YES 


MOVC in external 
program 
memory 
NO 
YES 


64K 
64K 


EXTERNAL 


32768 


~ 
OVERLAPPEO 


SPACE 
32767 
/ 
~ 
225 
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256 
INTERNAL 
EXTERNAL 
INDIRECT 


(Ell = 1) 
(Ell = 0) 


127 


ONLY 
AUXILIARY 
---- 
RAM 
DIRECT 
AND 
INDIRECT 


0 
0 


MAIN 
RAM 
~ 
~ 
, 
----- 
~ 
'----v---' 
~ 
PROGRAM 
MEMORY 
INTERNAl 
DATA MEMORY 
EXTERNAL 
DATA MEMORY 


Figure 5. Memory Map and Address 
Space 


6.2.2 
INTERNALDATAMEMORY 


The internal 
data memory 
is divided 
into three 
physically 
separated 
parts: 256 byte of Main RAM, 


256 byte of AUX-RAM, 
and a 128 byte special function 


area (SFR) see Table 2. These parts can be 
addressed 
as follows: 


• Main RAM 0 to 127 can be addressed 
directly 
and 


indirectly 
as in the 80C51. Address 
pointers 
are RO 


and R1 of the selected 
register 
bank. 


• Main RAM 128 to 255 can only be addressed 


indirectly. 
Address 
pointers 
are RO and R1 of the 


selected 
register 
bank. 


• AUX-RAM 
0 to 255 is indirectly 
addressable 
in the 


same way as the external 
Data Memory 
locations 
0 


to 255 with the MOVX instructions. 
Address 
pointers 


are RO and R1 of the selected 
register 
bank and 


DPTR. When executing 
from internal 
program 


memory, an access to AUX-RAM 
0 to 255 will not 
affect the Ports PO, P2, P3.6 and P3.7. 


• An access to external 
Data Memory 
locations 
higher 


than 255 will be performed 
with the MOVX DPTR 


instructions 
in the same way as in the 80C51 


structure, 
Le., with PO and P2 as data/address 
bus 


and P3.6 and P3.7 as write and read strobe signals. 


Note that it is impossible 
to access the external 
Data 


Memory 
with RO, R1 or DPTR < 256 as address 


pointer. 


• The SFRs can only be addressed 
directly 
in the 


address 
range from 128 to 255 (Figure 6 illustrates 


the SFRs memory 
map). 


Four 8-bit register 
banks occupy 
locations 
0 through 


31 in the lower RAM area. Only one of these banks 
may be enabled 
at a time. The next 16 bytes, 


locations 
32 through 
47, contain 
128 directly 


addressable 
bit locations. 
The stack can be located 


anywhere 
in the internal 
256 byte RAM. The stack 


depth is only limited by the available 
internal 
RAM 


space of 256 bytes. All registers 
except the Program 


Counter 
and the four 8-bit register banks reside in the 


SFR address 
space. 


LOCATION 
ADDRESSED 


Main RAM 0 to 127 
DIRECT 
and INDIRECT 


AUX-RAM 
0 to 255 
INDIRECT 
only with MOVX 


Main RAM 128 to 255 
INDIRECT 
only 


SFR 128 to 255 
DIRECT 
only 
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REGISTER 
MNEMONIC 
~ 


J, 


T3 l 


(') 
FMCON l 


B '!;::£i:::L F6 
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CY 


PSW 
07 


TH2 
1 


Tl2 


RCAP2H 


RCAP2l 


TF2 
T2CON 
CF 


IP 


P3 :1: 


IE 


WOCON 


P2 


SBUF 


SCON 


TH' 


THO 


Tl1 


TlO 
TMOD 


TFl 
I 
TRl 
I 
TFO I 
TRO I 
IE' 
I 
IT' 
I lig I 
ITO 


8F 
8E 
80 
8C 
8B 
SA 
88 


, 
, 


L 


NOTE: 
For details on the Timers, 
110, UART, WatchDog 
Timer, 
12C interface, 
interrupt 
structure 
and reduced 
power 
modes, 
please 
refer to the 8XC528 
datasheet 
in this handbook. 


7 
LIMITING 
VALUES 
In accordance 
with the Absolute 
Maximum 
Rating System 
(IEC 134). 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Voo 
Supply voltage 
range 
- 
-0.5 
+6.5 
V 


VI 
All input voltages 
- 
-0.5 
VDD + 0.5 
V 


P10l 
Total power dissipation 
Note 1 
- 
1 
W 


Tslg 
Storage 
temperature 
range 
-65 
+150 
DC 


Tamb 
Operating 
ambient 
temperature 
range: 


Version 
EBx 
0 
+70 
DC 


Version 
EFx 
-40 
+85 
DC 


NOTE: 
1. This value is based on the maximum 
allowable 
die temperature 
and the thermal 
resistance 
of the package, 
not 
on the device power consumption. 


8 
DC CHARACTERISTICS 
(EBx) 
VDD = 5V ±10%; Vss = OV; Tamb= 0 to +70°C. 
All voltages 
with respect to Vss unless otherwise 
specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Supply 


VDD 
Supply voltage 
range 
4.5 
5.5 
V 


Supply 
Current 


IDD 
Operating 
modes 
VDD = 5.5V; 
fCLK = 16MHz 
Notes 1 and 8 


Version P80CE528 
- 
40 
mA 


Version P83CE528 
- 
40 
mA 


liD 
Idle mode 
VDD = 5.5V; 


fCLK = 16MHz 
Notes 2 and 8 


Version 
P80CE528 
- 
8 
mA 


Version 
P83CE528 
- 
8 
mA 


IpD 
Power-down 
mode 
2V :5VPD :5VDD MAX. 
- 
100 
l!A 


Note 3 


Inputs 


VIL 
LOW level input voltage 
-0.5 
0.2VDD-0.1 
V 
(except EA, P1.6, P1.7) 


VIL1 
LOW level input voltage 
-0.5 
0.2VDD-0.3 
V 


EA 


VIL2 
LOW level input voltage 
Note 6 
-0.5 
0.3VDD 
V 


P1.6, P1.7 


VIH 
HIGH level input voltage 
0.2VDD + 0.9 
VDD + 0.5 
V 
(except 
RST, XTAL 1, 


P1.6, P1.7) 


VIH1 
HIGH level input voltage 
0.7VDD 
VDD + 0.5 
V 


RST, XTAL1 


VIH2 
HIGH level input voltage 
Note 6 
0.7VDD 
6.0 
V 


P1.6, P1.7 


IlL 
Input current 
logic 0 
VI = 0.45V 
- 
-50 
l!A 


Ports 1, 2, and 3 
(except 
P1.6 and P1.7) 


ITL 
Input current 
VI = 2.0V 
- 
-650 
l!A 


HIGH-to-LOW 
transition 
Ports 1, 2, and 3 
(except 
P1.6 and P1.7) 


IU1 
Input leakage 
current 
0.45 < VI < VDD 
- 
±10 
l!A 
Port 0, EA 


IU2 
Input leakage 
current 
OV < VI < 6V 
- 
±10 
l!A 


P1.6 and P1.7 
OV < VDD < 5.5V 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Outputs 


VOL 
LOW level output voltage 
IOL= 1.6mA 
- 
0.45 
V 
Ports 1, 2, and 3 
Notes 4 and 7 


(except 
P1.6 and P1.7) 


VOL1 
LOW level output voltage 
IOL= 3.2mA 
- 
0.45 
V 
Port 0, ALE, PSEI'J 
Notes 4 and 7 


VOL2 
LOW level output voltage 
IOL= 3.0mA 
- 
0.40 
V 
P1.6 and P1.7 
Note 7 


VOH 
HIGH level output voltage 
IOH = -60ltA; 
VDD = 5V ±1 0% 
2.4 
- 
V 
Ports 1, 2, 3 
IOH = -25ltA 
0.75VDD 
- 
V 


IOH = -10ltA 
0.9VDD 
- 
V 


VOH1 
HIGH level output voltage 
IOH = -600ltA; 
VDD = 5V ±10% 
2.4 
- 
V 
Port 0 in external 
Bus 
IOH = -300ltA 
0.75VDD 
- 
V 
mode,ALE,PSEI'J,RST 
IOH = -S0ltA 
0.9VDD 
- 
V 


Note 5 


RRST 
RST pull-down 
resistor 
50 
150 
k.Q 


CliO 
Capacitance 
of input 
Test frequency 
= 1MHz 
- 
10 
pF 
buffer 
Tamb = 25°C 


Notes to DC Characteristics 
(EBx): 


1. The operating 
supply current 
is measured 
with all output pins disconnected; 
XTAL 1 driven with tr = tf = 5ns; 


VIL = Vss + 0.5V; VIH = VDD - 0.5V; XTAL2 not connected; 
EA = RST = Port 0 = P1.6 = P1.7 = VDD; 
the WOT is disabled 
(by the external 
RESET). 


2. The Idle mode supply current 
is measured 
with all output pins disconnected; 
XTAL 1 driven with tr = tf = 5ns; 
VIL = Vss + 0.5V; VIH = VDD = 0.5V; XTAL2 not connected; 
the WOT is disabled; 
EA = RST = Vss; 
Port 0 = P1.6 = P1.7 = VDD. 
3. The Power-down 
current 
is measured 
with all output pins disconnected; 
XTAL2 not connected; 
the WOT is disabled; 
EA = RST = XTAL 1 = Vss; Port 0 = P1.6 = P1.7 = VDD. 
4. Capacitive 
loading on Port 0 and Port 2 may cause spurious 
noise pulses to be superimposed 
on the LOW level 


output voltage 
of ALE, Port 1 and Port 3. The noise is due to external 
bus capacitance 
discharging 
into the 
Port 0 and Port 2 pins when these pins make a HIGH-to-LOW 
transition 
during bus operations. 
In the worst 
cases (capacitive 
loading> 
100pF), the noise pulse on the ALE line may exceed 
0.8V. In such cases 
it may be 
desirable 
to qualify ALE with a Schmitt Trigger, or use an address 
latch with a Schmitt 
Trigger 
STROBE 
input. 


5. Capacitive 
loading on Port 0 and Port 2 may cause the HIGH level output voltage 
on ALE and PSEI'J to 
momentarily 
fall below the 0.9VDD specification 
when the address 
bits are stabilizing. 


6. The input threshold 
voltage 
of P1.6 and P1.7 (SI01) 
meets the 12C-bus specification, 
so a voltage 
below 0.3VDD 


will be recognized 
as a logic 0 while input above 0.7VDD will be recognized 
as a logic 1. 
7. Under steady state (non-transient) 
conditions, 
'OL must be externally 
limited as follows: 


Maximum 
IOL per port pin: 10mA. 
Maximum 
IOL per 8-bit port: 
Port 0: 
26mA 


Ports 1, 2, and 3: 
15mA 


Maximum 
total IOL for all output pins: 
71 mA. 


If IOL exceeds 
the test condition, 
VOL may exceed the related specification. 
Pins are not guaranteed 
to sink 
current 
greater than the listed test conditions. 
8. IDDmax. at other frequencies 
can be derived 
from Figure 8, where f is the external 
oscillator 
frequency 
in MHz; 
IDDmax. is given in mA. 


9 
DC CHARACTERISTICS (EFx) 


Voo = 5V ±10%; 
Vss = OV; Tamb = -40 
to +85°C 
(extended 
temperature 
range). All voltages 
with respect to Vss 


unless otherwise 
specified. 
DC parameters 
not included 
here are the same as for the EBx temperature 
range data. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Inputs 


VIL 
LOW level input voltage 
-0.5 
0.2Voo 
- 0.15 
V 
(except EA, Pl.6, 
Pl.7) 


VIL1 
LOW level input voltage 
-0.5 
0.2Voo 
- 0.35 
V 


EA 


VIH 
HIGH level input voltage 
0.2Voo 
+ 1.0 
Voo + 0.5 
V 
(except 
RST, XTAL1, 
Pl.6, 
Pl.7) 


VIH1 
HIGH level input voltage 
0.7Voo 
+ 0.1 
Voo + 0.5 
V 


RST, XTALl 


IlL 
Input current 
logic 0 
VI = 0.45V 
- 
-75 
)lA 


Ports 1, 2, and 3 
(except 
Pl.6 
and Pl.7) 


ITL 
Input current 
HIGH-to-LOW 
transition 
VI = 2.0V 
- 
-750 
)lA 


Ports 1, 2, and 3 
(except 
Pl.6 
and Pl.7) 


Voo = 5.5V 
VALID 
ONLY 
WITHIN 
FREQUENCY 
SPECIFICAnONS 
OF DEVICE 
UNDER 
TEST 


(') 
(2) 
MAXIMUM 
OPERAnNG 
MODE 
P83CE528 
AND 
PSOCE528. 
(3) 
(4) 
MAXIMUM 
IDLE 
MODE 
P83CE528 
AND 
PSOCE528. 


10 
AC CHARACTERISTICS 


EBx: 
VDD = 5V ±10%; 
Vss = OV; Tamb= 0 to +70°C; tCLCL min. = 63ns. 


EBx: 
VDD = 5V ±1 0%; Vss = OV; Tamb= -40 
to +85°C; tCLCL min. = 63ns. 


All versions 
Exx: CI = 1OOpF for Port 0, ALE and PSrn; 
Cl = 80pF for all other outputs 
unless otherwise 
specified. 


tCLCL min. = 1/fMAX (maximum 
operating 
frequency). 


16MHz 
12MHz 
VARIABLE 
CLOCK 
SYMBOL 
PARAMETER 
UNIT 
MIN. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


1/tCLCL 
Oscillator 
frequency 
- 
- 
- 
- 
3.5 
16 
MHz 


tLHLL 
ALE pulse duration 
85 
- 
127 
- 
2tCLCL-40 
- 
ns 


tAVLL 
Address 
setup time to ALE 
8 
- 
28 
- 
tCLCL-55 
- 
ns 


tLLAX 
Address 
hold time after ALE 
28 
- 
48 
- 
tCLCL-35 
- 
ns 


tLLlV 
Time from ALE to valid 
- 
150 
- 
233 
- 
4tCLCL-100 
ns 
instruction 
input 


tLLPL 
Time from ALE to control 
pulse 
23 
- 
43 
- 
tCLCL-40 
- 
ns 
PSrn 


tPLPH 
Control 
pulse duration 
PSrn 
143 
- 
205 
- 
3tCLCL-45 
- 
ns 


tPLIV 
Time from PSrn 
to valid 
- 
83 
- 
145 
- 
3tCLCL-105 
ns 
instruction 
input 


tPXIX 
Input instruction 
hold time after 
0 
- 
0 
- 
0 
- 
ns 
PSrn 


tpXIZ 
Input instruction 
float delay 
- 
38 
- 
59 
- 
tCLCL-25 
ns 
afterPSrn 


tAVIV 
Address 
to valid instruction 
- 
208 
- 
312 
- 
5tCLCL-105 
ns 
input 


tpLAZ 
Address 
float time to PSrn 
- 
10 
- 
10 
- 
10 
ns 


Data Memory 


tRLRH 
AU pulse duration 
275 
- 
400 
- 
6tCLCL-100 
- 
ns 


tWLWH 
WR pulse duration 
275 
- 
400 
- 
6tCLCL-100 
- 
ns 


tRLDV 
AU to valid data input 
- 
148 
- 
252 
- 
5tCLCL-165 
ns 


tRHDX 
Data hold time after AU 
0 
- 
0 
- 
0 
- 
ns 


tRHDZ 
Data float delay after AU 
- 
55 
- 
97 
- 
2tCLCL-70 
ns 


tLLDV 
Time from ALE to valid data 
- 
350 
- 
517 
- 
8tCLCL-150 
ns 
input 


tAVDV 
Address 
to valid data input 
- 
398 
- 
585 
- 
9tCLCL-165 
ns 


tLLWL 
Time from ALE to AU or WR 
138 
238 
200 
300 
3tCLCL-50 
3tCLCL+50 
ns 


tAVWL 
Time from address 
to AU or 
120 
- 
203 
- 
4tCLCL-130 
- 
ns 
WR 


tavwx 
Data valid to WR transition 
3 
- 
23 
- 
tCLCL--60 
- 
ns 


tWHQX 
Data hold time after WR 
13 
- 
33 
- 
tCLCL-50 
- 
ns 


tRLAZ 
Address 
float delay after AU 
- 
0 
- 
0 
- 
0 
ns 


tWHLH 
Time from AU or WR HIGH to 
23 
103 
43 
123 
tCLCL-40 
tCLCL+40 
ns 
ALE HIGH 


16MHz 
12MHz 
VARIABLE 
CLOCK 
SYMBOL 
PARAMETER 
UNIT 


MIN. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


External 
Clock 


tCHCX 
HIGH time 
20 
- 
- 
- 
20 
- 
ns 


tCLCX 
LOW time 
20 
- 
- 
- 
20 
- 
ns 


tCLCH 
Rise time 
- 
20 
- 
- 
- 
20 
ns 


tCHCL 
Fall time 
- 
20 
- 
- 
- 
20 
ns 


UART Timing 
Shift 
Register 
Mode 


tXLXL 
Serial port clock cycle time 
750 
- 
1000 
- 
12tCLCL 
- 
ns 


tOVXH 
Output data setup to clock 
492 
- 
700 
- 
10tCLCL-133 
- 
ns 
rising edge 


tXHOX 
Output data hold after clock 
8 
- 
50 
- 
2CLCL-117 
- 
ns 
rising edge 


tXHDX 
Input data hold after clock 
0 
- 
0 
- 
0 
- 
ns 
rising edge 


tXHDV 
Clock rising edge to input 
- 
492 
- 
700 
- 
10tCLCL-133 
ns 
data valid 


11 
12C-bus CHARACTERISTICS 
(bit-level) 


tCLCL = 1/fcLK = one oscillator 
period at pin XTAL 1. For 63ns < tCLCL < 286ns 
(16MHz > fosc 
> 3.5MHz) 
the 12C 
interface 
meets the 12C-bus specification 
for bit rates up to 100kbitls. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 
12C-bus 
UNIT 
Spec. 


SCl 
Timing 


tHD;STA 
START condition 
hold time 
:?:14 tCLCL; Note 1 
Note 2 
.. 
:?:4.0 
l!S 


tLOW 
SCL LOW time 
:?:16 tCLCL 
Note 2 
:?:4.7 
l!S 


tHIGH 
SCL HIGH time 
:?:14 tCLCL; Note 1 
:?:80 tCLCL; Note 3 
:?:4.0 
l!S 


tRC 
SCL rise time 
~ 1l!S; Note 4 
Note 5 
~ 1.0 
l!S 


tFC 
SCL fall time 
~ 0.3l!S; Note 4 
~ 0.3l!S; Note 6 
~0.3 
l!S 


SDATiming 


tSU;DAT 
Data setup time 
:?:250ns 
Note 2 
:?:250 
ns 


tHD;DAT 
Data hold time 
:?:Ons 
Note 2 
:?:O 
ns 


tSU;STA 
Repeated 
START setup time 
:?:14 tCLCL; Note 1 
Note 2 
:?:4.7 
l!S 


tSU;STO 
STOP condition 
setup time 
:?:14 tCLCL; Note 1 
Note 2 
:?:4.0 
l!S 


tBUF 
Bus free time 
:?:14 tCLCL; Note 1 
Note 2 
:?:4.7 
l!S 


tRD 
SDA rise time 
~ 1J!s; Note 4 
Note 5 
~ 1.0 
l!S 


tFD 
SDA fall time 
~ 0.3l!S; Note 4 
~ 0.3l!S; Note 6 
~0.3 
l!S 
Notes 
to 12C-bus Characteristics 
(bit-level): 


1. At fCLK = 3.5MHz, 
this evaluates 
to 14x286ns = 4J!s, Le., the bit-leveI12C-bus 
interface 
can respond 
to the 
12C-bus protocol 
for fCLK :?:3.5MHz. 


2. This parameter 
is determined 
by the user software; 
it has to comply 
with the 12C-bus specification. 


3. This value gives the auto-clock 
pulse length which meets the 12C-bus specification 
for the specified 
XTAL 1 clock 
frequency 
range. Alternatively, 
the SCL pulse may be timed by software. 
4. Spikes on SDA and SCL lines with a duration 
of less than 4xtCLCL will be filtered 
out. 


5. The rise time is determined 
by the external 
bus line capacitance 
and pull-up 
resistor; 
it must be ~ 1l!S. 


6. The maximum 
capacitance 
on bus lines SDA and SCL is 400pF. 


2.0V_ 
_2.0V 
Test Points 


O.8V"- 
--.. 
O.8V 


=$ 


Float 
t= 
2.4V 
2.0V 
20V 
24V 


0.45V 
••o.-ev-----------o-ev... 
045V 


(b) 
Float Waveform 


AC testing inputs are driven at 2.4V for a logic 1 and O.45V for a logic O. 
Timing measurements are taken at 2.0V for a logic 1 and O.BVfor logic O.See (a). 
The IIoat state is defined as the point at which a Port 0 pin sinks 3.2mA or sources 4001lA at the voltage test levels. See (b). 


Figure 10. AC Testing 
Input 


11.1 
Timing Symbol 
Definitions 


Oscillator; 
fClK = clock frequency 
tClCl = clock period 


Timing symbols 
(acronyms): 
Each timing symbol has five characters. The first 
character is always a "t" (= time). The remaining four 
characters of the symbol (typed in subscript). 
depending on their relative positions. indicate the 
name of a signal or the logical status of that signal. 
The designations are as follows: 
A = address 
C = clock 
D = input data 


H 
logic level HIGH 
I 
instruction (program memory contents) 


L 
logic level LOW or ALE 
p 
PSEN 


Q = output data 
R = AU signal 
t 
= time 
V = valid 
W= 
WRsignal 
X = no longer a valid logic level 
Z = float 


Examples: 


tAVll = time for address valid to ALE LOW 
tllPl 
= time for ALE LOW to PSEN LOW 


;; 
START cond~;on 


O.7VCC 


O.3VCC 


OUTPUT 
DATA, 
t 
WRITE 
TO SBUF 


INPUT 
DATA 
~' 


CLEAR 
AI 


r- IXLXL -1 


I 
-I j4- 
IXHQX 


taVXH I-----li 


OOTIEDLINES 
ARE VALlO WHEN 
1lU0RWIl 
ARE 
ACTIVE 


ONLY 
ACTIVE 
DURING 
A READ 
FROM 
EXTERNAL 
DATA MEMORY 


ONLY 
ACTIVE 
DURING 
A WRITE 
TO EXTERNAL 
DATA MEMORY 


EXTERNAL 
PROGRAM 
MEMORY 
FETCH 


READ 
OR WRITE 
OF EXTERNAL 
DATA MEMORY 


{ 
{ 
{ 


{ 


BUS 
(PORTO) 


PORT 
2 


SERIAL 
PORT 
CLOCK 


~ 


ONE 
MACHINE 
CYCLE 


$1 
82 
53 
$4 
$5 
$6 


Pl 
P21 
P' 
P21 
Pl 
P21 
Pl 
P21 Pl 
P2!Pl 
P2 


ONE 
MACHINE 
CYCLE 


52153154155156 


P1 
P2 
P1 
P2 
P1 
P2 
P1 
P2 
P1 
P2 


I 
PSER-W 
I 


IlUI 


I 
I 


WIll 
I 
I 


I 
I 
...••... 
-----O-LD-D-Al:-A--------I--------N-E-W-D-A-TA------~ 


I 
I 
________ 
11 
: 
11_ . 


SAMPLING 
TIME 
OF I/O PORT 
PINS DURING 
INPUT 
(INC~UDING 
Tm'O AND 1I'lTi) 


I 
I 


CMOS single-chip 
8-bit microcontroller 


with AID and watchdog 
timer 


DESCRIPTION 
The Philips BXC550 is a high-performance 
microcontroller fabricated 


with Philips high-density CMOS technology. This Philips CMOS 
technology combines the high speed and density characteristics 
of 
HMOS with the low power attributes of CMOS. Philips epitaxial 
substrate minimizes latch-up sensitivity. The CMOS BXC550 has the 
same instruction set as the 80C51. 


AVccfVref+ 
1 


AV ss/Vref- 
2 


P1.OIADCO 


Pl.1/ADCl 
4 


P1.21ADC2 
5 
The 8XC550 contains a 4k x 8 EPROM (87C550)/ROM 
(83C550)/ROMless 
(80C550 has no program memory on-chip), a 


128 x 8 RAM, 8 channels of 8-bit AID, four 8-bit ports (port 1 is input 
only), a watchdog timer, two 16-bit counteritimers, 
a seven-source, 
two-priority level nested interrupt structure, a serial I/O port for either 
multi-processor communications, 
I/O expansion or full duplex UART, 
and an on-chip oscillator and clock circuits, 


In addition, the BXC550 has two software selectable modes of 
power reduction-idle 
mode and power-down mode, The idle mode 


freezes the CPU while allowing the RAM, timers, serial port, and 
interrupt system to continue functioning. The power-down mode 
saves the RAM contents but freezes the oscillator, causing all other 
chip functions to be inoperative. 


RxD1P3.0 
1 


TxD1P3.1 


lIrnl1P3.2 
1 


Tl'lTf1P3.3 1 


TOIP3.4 
1 


T11P3.5 
1 


WRiP3.6 
1 


1lll1P3.7 
1 


XTAl2 
1 


ElWpp 


3 
ALEII'ROO 


• 80C51 based architecture 


- 
4k x 8 EPROM (87C550)/ROM 
(83C550) 


- 
12BxBRAM 


- 
Eight channels of B-bit AID 


- Two 16-bit counter/timers 


- 
Watchdog timer 


- 
Full duplex serial channel 


- 
Boolean processor 


• Memory addressing capability 


- 
64k ROM and 64k RAM 


• Power control modes: 
- 
Idle mode 


- 
Power-down mode 


• CMOS and TTL compatible 


• One speed range at Vcc = 5V ±10% 


- 
3.5 to 16MHz 


• Four package styles 


• Extended temperature ranges 


• OTP package available 


17 
29 


18 
28 


Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
AVec 
16 
P3.2IlIrnl 
31 
P2.61A14 


2 
Vrsf. 
17 
P3.3IWri 
32 
P2.7/A15 


3 
Vref- 
18 
P3.4ITO 
33 
J'SEN 


4 
AVss 
19 
P3.5IT1 
34 
ALEII'ROO 


5 
P1.0/ADCO 
20 
P3.6IWR 
35 
ElWpp 


6 
PU/ADC1 
21 
P3.7/Rll 
36 
PO.7/AD7 


7 
P1.21ADC2 
22 
XTAl2 
37 
PO.61AD6 


8 
P1.31ADC3 
23 
XTAL1 
38 
PO.51AD5 


9 
P1.4/ADC4 
24 
vSS 
39 
PO.4/AD4 


10 
Pl.5/ADC5 
25 
P2.0/A8 
40 
PO.31AD3 


11 
Pl.61AOC6 
28 
P2.1/A9 
41 
PO.21AD2 


12 
Pl.7/ADC7 
27 
P2.21Al0 
42 
PO.1IADl 


13 
RST 
28 
P2.31Al1 
43 
PO.OIADO 


14 
P3.OIRxO 
29 
P2.4/A12 
44 
vcc 


15 
P3.11TxD 
30 
P2.51A13 


SUOO196 


CMOS single-chip 8-bit microcontroller 
with AID and watchdog timer 


TEMPERATURE 
RANGE ·C 
FREQ 
DRAWING 
ROM less 
ROM 
EPROM 
AND PACKAGE 1 
MHz 
NUMBER 


P87C550EBF 
FA 
UV 
o to +70, Ceramic Dual In-Line Package 
3.5 to 16 
0590B 


P87C550EBL 
KA 
UV 
o to +70, Ceramic Leaded Chip Carrier 
3.5 to 16 
1472A 


P80C550EBP N 
P83C550EBP N 
P87C550EBP N 
OTP 
o to +70, Plastic Dual In-Line Package 
3.5 to 16 
SOT129-1 


P80C550EBA A 
P83C550EBA A 
P87C550EBA A 
OTP 
o to +70, Plastic Leaded Chip Carrier 
3.5 to 16 
SOT187-2 


P80C550EFP 
N 
P83C550EFP 
N 
P87C550EFP 
N 
OTP 
-40 to +85, Plastic Dual In-Line Package 
3.5 to 16 
SOT129-1 


P80C550EFA A 
P83C550EFA A 
P87C550EFA A 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
3.5 to 16 
SOT187-2 


P87C550EFL 
KA 
UV 
-40 to +85, Ceramic Leaded Chip Carrier 
3.5 to 16 
1472A 


P87C550EFF 
FA 
UV 
-40 to +85, Ceramic Dual In-Line Package 
3.5 to 16 
0590B 
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r------ 


I 
I 


vccl 
I 
vssln 


SBUF 
IE 
IP 


INTERRUPT, 
SERIAL 
PeRT 
AND TIMER 
BLOCKS 


o 
T 
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PIN NO. 


MNEMONIC 
DIP 
LCC 
TYPE 
NAME AND FUNCTION 


Vss 
20 
24 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
I 
Power Supply: 
This is the power supply voltage for normal, idle, and power-down operation. 


AVec 
1 
1 
I 
Analog 
Power Supply: 
Analog supply voltage. 


AVss 
2 
4 
I 
Analog 
Ground: 
Analog OV reference. 


Vref+ 
2 
I 
Vref: ND converter reference level inputs. Note that these references are combined with AVec and 


Vref- 
3 
I 
AVss in the 4o-pin DIP package. 


PO.Q-O.7 
39--32 
43-36 
1/0 
Port 0: Port a is an open-drain, bidirectional 1/0 port. Port a pins that have 1s written to them float 
and can be used as high-impedance 
inputs. Port a is also the multiplexed low-order address and 


data bus during accesses to external program and data memory. In this application, it uses strong 
intemal pull-ups when emitting 1s. Port a also outputs the code bytes during program verification in 
the S87C550. Extemal pull-ups are required during program verification. 


Pl.o--Pl.7 
3-8 
5-12 
I 
Port 1: Port 1 is an 8-bit input only port (6-bit in the DIP package; bits P1.6 and Pl.7 are not 
implemented). Port 1 digital input can be read out any time. 


ADCo--ADC7 
3-8 
5-12 
ADCx: Inputs to the analog multiplexer input of the 8-bit ND. There are only six ND inputs in the 
DIP package. 


P2.o--P2.7 
21-28 
25-32 
1/0 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 1s written 
to them are pulled high by the intemal pull-ups and can be used as inputs. As inputs, port 2 pins that 
are externally being pulled low will source current because of the intemal pull-ups. (See DC 
Electrical Characteristics: 
IILl. Port 2 emits the high-order address byte during fetches from extemal 
program memory and during accesses to external data memory that use 16-bit addresses (MOVX 
@DPTR). In this application, it uses strong internal pull-ups when emitting 1s. During accesses to 
external data memory that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 
special function register. 


P3.o--P3.7 
10--17 
14-21 
1/0 
Port 3: Port 3 is an 8·bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s written 
to them are pulled high by the intemal pull-ups and can be used as inputs. As inputs, port 3 pins that 
are extemally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: 
IILl. Port 3 also serves the special features of the SC80C51 family, as listed below: 
10 
14 
I 
RxD (P3.O): Serial input port 


11 
15 
0 
TxD (P3.1): Serial output port 


12 
16 
I 
INTO (P3.2): External interrupt 


13 
17 
I 
mTf 
(P3.3): External interrupt 


14 
18 
I 
TO (P3.4): limer 
0 extemal input 


15 
19 
I 
T1 (P3.5): limer 
1 extemal input 


16 
20 
0 
WIt (P3.G): Extemal data memory write strobe 


17 
21 
0 
AD (P3.7): External data memory read strobe 


RST 
9 
13 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. 
An intemal diffused resistor to Vss permits a power-on reset using only an external capacitor to 
Vcc· 


ALEJI5ROO 
30 
34 
1/0 
Address 
Latch EnabJeJProgram Pulse: Output pulse for latching the low byte of the address 


during an access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 
the oscillator frequency, and can be used for external timing or clocking. Note that one ALE pulse is 
s~~g<?) during each access to extemal data memory. This pin is also the program pulse input 
( 
during EPROM programming. 


15SEN 
29 
33 
0 
Program 
Store Enable: The read strobe to extema~am 
memory. When the device is 


executing code from the extemal program memory, 
is activated twice each machine c~ 


except that two 15SENactivations are skipped during each access to extemal data memory. 
is not activated during fetches from intemal program memory. 


r:JiNpp 
31 
35 
I 
External 
Access 
EnableJProgramming 
Supply Voltage: Ell: must be extemally held low to enable 


the device to fetch code from extemal program memory locations OOOOHto oFFFH. If Ell: is held 
high, the device executes from intemal program memory unless the program counter contains an 
address greater than oFFFH. For the 80C550 ROMless part, Ell: must be held low for the part to 
operate properly. This pin also receives the 12.75V programming supply voltage (Vpp) during 
EPROM programming. 


XTAL1 
19 
23 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 


XTAL2 
18 
22 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 
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SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


ADAT# 
AID result 
C6H 
xxH 


ADCON# 
AID control 
C5H 
- 
I 
- 
I 
- 
I ADCI I ADCS I AADR2 I AADR1 IAADRO 
xxxOOOOOB 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer 
(2 bytes): 


DPH 
High byte 
83H 
OOH 
DPL 
Low byte 
82H 
OOH 


BF 
BE 
BO 
BC 
BB 
BA 
B9 
B8 


IP"# 
Interrupt priority 
B8H 
- 
I PWD I 
PAD I 
PS 
I 
PT1 
I 
PX1 I 
PTO I 
PXO 
xOOOOOOOB 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE"# 
Interrupt enable 
A8H 
EA I EWO I 
EAO I 
ES 
I 
ET1 
I 
EX1 
I 
ETO I 
EXO 
OOH 


PO" 
PortO 
80H 
87 
86 
85 
84 
83 
82 
81 
80 
FFH 


P1" 
Port 1 
90H 
97 
96 
95 
94 
93 
92 
91 
90 
FFH 
. 


P2" 
Port 2 
AOH 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 
FFH 


P3" 
Port 3 
BOH 
B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 
FFH 


PCON# 
Power control 
87H 
SMOO I SIDL I 
- 
I 
- 
I 
GF1 
I 
GFO I 
PO 
I 
IDL 
OOxxOOOOB 


07 
06 
05 
04 
03 
02 
01 
DO 


PSW" 
Program status word 
OOH 
CY 
I 
AC 
I 
FO 
I 
RS1 I 
RSO I 
OV 
I 
- 
I 
P 
OOH 


SBUF 
Serial data buffer 
99H 
xxH 


9F 
9E 
90 
9C 
9B 
9A 
99 
98 


SCON" 
Serial port control 
98H 
SMO I SM1 I 
SM2 I 
REN I 
TB8 
I 
RB8 I 
TI 
I 
RI 
OOH 


SP 
Stack pointer 
81H 
07H 


8F 
8E 
80 
8C 
8B 
8A 
89 
88 
OOH 


TCON" 
Timer counter/control 
88H 
TF1 I TR1 I 
TFO I 
TRO I 
IE1 
I 
IT1 
I 
IEO 
I 
ITO 
OOH 


TMOO 
Timer/counter mode 
89H 
GATE I 
CIT I 
M1 
I 
MO I GATE I 
CIT 
I 
M1 
I 
MO 
OOH 


THO 
Timer 0 high byte 
8CH 
OOH 


TH1 
Timer 1 high byte 
8DH 
OOH 


TLO 
Timer 0 low byte 
8AH 
OOH 


TL1 
Timer 1 low byte 
8BH 
OOH 


C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 


WOCON"# 
Watchdog timer 
COH 
PRE21 
PRE1 I PREO I 
- I 
- I WDRUN I WDTOF I WDMOD 
OOOxxOOOB"" 
control 


WOL# 
Watchdog timer 
C1H 
FFW" 
reload 


WFEE01# 
Watchdog timer 
C2H 
xxH 


feed 1 


WFEE02# 
Watchdog timer 
C3H 
xxH 
feed 2 


" SFRs are bit addressable. 
# SFRs are modified from or added to the 80C51 SFRs. 
""This value is not valid for a masked ROM part (83C550) when running from internal memory (Eli = 1). See data sheet for details. 
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BIT 
PCON.7 
PCON.6 
PCON.5 
PCONA 
PCON.3 
PCON.2 
PCON.1 
PCON.O 


SYMBOL 
SMOD 
SIDL 
X 
X 
GF1 
GFO 
PD 
IDL 


FUNCTION 
Double baud rate 
Serial port idle 
Reserved for future use 
Reserved for future use 
General purpose flag bit 
General purpose flag bit 
Power down bit 
Idle mode bit 


NOTE: 
The PCON register is at SFR byte address 87H. Its contents following a reset are OOXXOOOO. 


ADDR2 
o 
o 
o 
o 
1 
1 
1 
1 


INPUT CHANNEL SELECTION 


ADDR1 
ADDRO 
INPUT PIN 
o 
0 
ADCO 
o 
1 
ADC1 
1 
0 
ADC2 
1 
1 
ADC3 
o 
0 
ADC4 
o 
1 
ADC5 
1 
0 
ADC6 
1 
1 
ADC7 


BIT 
SYMBOL 
ADCON.7 
ADCON.6 
ADCON.5 
ADCONA 
ADCI 


FUNCTION 
Not used 
Not used 
Not used 
ADC Interrupt flag. 
This flag is set when an ADC conversion result is ready to be read. 
An interrupt is invoked if the AID interrupt is enabled. The flag must 
be cleared by software. It cannot be set by software. 
ADC Start and Status. 
Setting this flag starts an AID conversion. The ADC logic insures that 
this signal is high while the ADC is busy. On completion of the 
conversion, ADCS is reset at the same time the interrupt flag ADCI is 
set. ADCS cannot be reset by software. 
Analog Input Select 2 
Analog Input Select 1 
Analog Input Select 0 


ADCON.2 
ADDR2 


ADCON.1 
ADDR1 


ADCON.O 
ADDRO 
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AID CONVERTER 
The analog input circuitry consists of an B-input analog multiplexer 
and an analog-to-digital 
converter with B-bit resolution. In the LCC 


package, the anaiog reference voltage and analog power supplies 
are connected via separate input pins; in the DIP package, Vref+ is 
combined with AVec and Vref- is combined with AVss. The analog 
inputs are alternate functions to port 1, which is an input only port. 
Digital input to port 1 can be read any time during an AID 
conversion. Care should be exercised in mixing analog and digital 
signals on port 1, because cross talk from the digital input signals 
can degrade the AID conversion accuracy of the analog input. An 
AID conversion requires 40 machine cycles. 


The AID converter is controlled by the ADCON special function 
register. The input channel to be converted is selected by the analog 
multiplexer by setting ADCON register bits, ADDR2-ADDRO 
(see 
Figure 2). These bits can only be changed when ADCI and ADCS 
are both low. 


The completion of the B·bit ADC conversion is flagged by ADCI in 
the ADCON register and the result is stored in the special function 
register ADAT. 


An ADC conversion in progress is unaffected by a software ADC 
start. The result of a completed conversion remains unaffected 
provided ADCI remains at a logic 1. While ADCS is a logic 1 or 
ADCI is a logic 1, a new ADC START will be blocked and 
consequently lost. An AID conversion in progress will be aborted 
when the idle or power-down mode is entered. The result of a 
completed conversion (ADCI = logic 1) remains unaffected when 
entering the idle mode, but will be lost if power-down mode is 
entered. See Figure 3 for the AID input equivalent circuit. 


The analog input pins ADCO-ADC7 may still be used as digital 
inputs. The analog input channel that is selected by the 
ADDR2-ADDRO bits in ADCON cannot be used as a digital input. 
Reading the selected AID channel as a digital input will always 
return a 1. The unselected AID inputs may always be used as digital 
inputs. 


On RESET the AID port pins are set to the Digital mode and will 
work as a normal port and need no further initialization. To use the 
AID converter a single byte should be written to ADCON which 
selects the AID mux and concurrently sets the ADCS bit to start the 
AID conversion. The 40 machine cycles of the AID conversion 
include time for signal settling after the mux is selected and before 
the Sample and Hold procedure is completed. 


The circuitry which disables the digital buffer from the port pin is 
updated at the start of an AID conversion by setting the ADCS bit in 
ADCON. After powerup, problems will occur the first time that 
ADCON is written to if ADCS is not set; in this case, the digital 
signal disable registers contain random data and some 0 the B port 
pins will have their digital buffers disabled. When read, these 
disabled buffers will ignore their input and only return a 1. This 
condition will be corrected by writing a 1 to ADCS in ADCON which 
starts and AID conversion. 


Thus, there are two operating modes: 
1. DIGITAL ONLY - No Analog inputs are used and ADCON is 
never written to. In this case pins ADCO-ADC7 are configured as 
digital inputs. 


2. AID CONVERTER 
USED - The input multiplexer select field 


must be written to and ADCS must be set in ADCON. This allows 
unselected AID inputs to be used as digital inputs. 


ADCI 
ADCS 
o 
0 
o 
1 
1 
0 
1 
1 


Operation 
ADC not busy, a conversion can be started. 
ADC busy, start of a new conversion is blocked. 
Conversion completed, start of a new is blocked. 
Not possible. 


INPUT CHANNEL 
SELECTION 


ADDR2 
ADDR1 
ADDRO 
INPUT PIN 


0 
0 
0 
P1.0 


0 
0 
1 
P1.1 


0 
1 
0 
P1.2 


0 
1 
1 
P1.3 


1 
0 
0 
P1.4 


1 
0 
1 
P1.5 


1 
1 
0 
P1.6· 


1 
1 
1 
P1.7· 


AADR2 
ADCON.2 
AADR1 
ADCON.1 
AADRO ADCON.O 


Function 
ADC interrupt flag. This flag is set when an 
ADC conversion is complete. If IE.5 = 1, an 
interrupt is requested when ADCI = 1. The 
ADCI flag must be cleared by software after 
AID data is read, before the next conversion 
can begin. 
ADC start and status. Setting this bit starts an 
AID conversion. Once set, ADCS remains high 
throughout the conversion cycle. On 
completion of the conversion, it is reset at the 
same time the ADCI interrupt flag is set. ADCS 
cannot be reset by software. 
Analog input selects. 
Binary coded address 
selects one of the five analog input port pins of 
P1 to be input to the converter. It can only be 
changed when ADCI and ADCS are both low. 
AADR2 is the most significant bit. 
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Sample AID Routines 
The following routines demonstrate two methods of operating the 
AID converter. The first method uses polling to determine when the 
AID conversion is complete. The second method uses the AID 
interrupt to flag the end of conversion. 


The routine ReadAD will start a read of the AID channel identified by 
R7, and wait for the conversion to complete, polling the AID interrupt 
flag. The result is returned in the accumulator. 


ReadAD: MOV 
A,#OBh 
;Basic AID start command. 
ORL 
A,R7 
;Add channel # to be read. 
MOV 
ADCON,A; 
;Start AID. 


ADLoop: MOV 
A,ADCON 
;Get AID status. 
JNB 
ACC.4,ADLoop;Wait 
for ADCI (AID ;finished). 


MOV 
A,ADAT 
;Get conversion result 


MOV 
ADCON,#O 
;Clear ADCI. 


RET 


The routine StartAD will start a read of the AID channel identified by 
R7 and exit back to the calling program. When the conversion is 
complete, the AID interrupt occurs, calling the AID interrupt service 
routine. The result of the conversion is retumed in register R6. 


StartAD: MOV 
A,#OBh 
ORL 
A,R7 
MOV 
ADCON,A 
RET 


;Basic AID start command. 
;Add channel # to be read. 
;StartAlD. 


ORG 
2Bh 
ADln!: 
MOV 
R6,ADAT 
MOV 
ADCON,#O 
RETI 


;AlD interrupt address. 
;Get conversion result. 
;ClearADCI. 


r------, 
I· 
• 
I 
I • 
I 
I 
I 
I SmN+l 
RmN+l I 
IN+l~ __ 
~I_/ __ 'V'r_+--+ 
_ 
I 
I 
I SmN 
RmN 
I 


I 
I 
L 
J 


Multiplexer 


Rm; 
0.5 - 3 kQ 
CS + CC; 
15pF maximum 
RS; 
Recommended < 9.6 kn for 1 LSB @ 12MHz 


I 
Cc 


NOTE: 
Because the analog to digital converter has a sampled-data comparator, the input looks capacitive to a source. When a conversion 
is initiated, switch Sm closes for Btcy (Bl's @ 12MHz crystal frequency) during which time capacitance Cs + Cc is charged. It should 
be noted that the sampling causes the analog input to present a varying load to an analog source. 
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AID CONVERTER 
PARAMETER 
DEFINITIONS 
The following definitions are included to clarify some specifications 
given and do not represent a complete set of AID parameter 
definitions. 


Absolute 
Accuracy 
Error 


Absolute accuracy error of a given output is the difference between 
the theoretical analog input voltage to produce a given output and 
the actual analog input voltage required to produce the same code. 
Since the same output code is produced by a band of input voltages, 
the "required input voltage" is defined as the midpoint of the band of 
input voltage that will produce that code. Absolute accuracy error 
not specified with a code is the maximum over all codes. 


Nonlinearity 
If a straight line is drawn between the end points of the actual 
converter characteristics 
such that zero offset and full scale errors 


are removed, then non-linearity is the maximum deviation of the 
code transitions of the actual characteristics 
from that of the straight 
line so constructed. This is also referred to as relative accuracy and 
also integral non-linearity. 


Differential 
Non-Linearity 
Differential non-linearity is the maximum difference between the 
actual and ideal code widths fo the converter. The code widths are 
the differences expressed in LSB between the code transition 
points, as the input voltage is varied through the range for the 
complete set of codes. 


Gain Error 
Gain error is the deviation between the ideal and actual analog input 
voltage required to cause the final code transition to a full-scale 
output code after the offset error has been removed. This may 
sometimes be referred to as full scale error. 


Offset Error 
Offset error is the difference between the actual input voltage that 
causes the first code transition and the ideal value to cause the first 
code transition. This ideal value is 1/2 LSB above V,ef-. 


Channel 
to Channel 
Matching 
Channel to channel matching is the maximum difference between 
the corresponding code transitions of the actual characteristics 
taken from different channels under the same temperature, voltage 
and frequency conditions. 


Crosstalk 
Crosstalk is the measured level of a signal at the output of the 
converter resulting from a signal applied to one deselected channel. 


Total Error 
Maximum deviation of any step point from a line connecting the ideal 
first transition point to the ideal last transition point. 


Relative 
Accuracy 


Relative accuracy error is the deviation of the ADC's actual code 
transition points from the ideal code transition points on a straight 
line which connects the ideal first code transition point and the final 
code transition point, after nUllifying offset error and gain error. It is 
generally expressed in LSBs or in percent of FSR. 


WATCHDOG 
TIMER 
The purpose of the watchdog timer is to reset the microcontroller 
within a reasonable amount of time if it enters an erroneous state, 
possibly due to a programming error, electrical noise, or RFI. When 
enabled, the watchdog circuit will generate a system reset if the user 
program fails to "feed" (or reload) the watchdog within a 
predetermined amount of time. 


The watchdog timer implemented on the 8XC550 has a 
programmable interval and can thus be fine tuned to a particular 
application. If the watchdog function is not used, the timer may still 
be used as a versatile general purpose timer. 


The watchdog function consists of a programmable 
13·bit prescaler, 


and an 8-bit main timer. The main timer is clocked by a tap taken 
from one of the top 8 bits of the prescaler. The prescaler is 
incremented once every machine cycle, or 1/12 of the oscillator 
frequency. Thus, the main counter can be clocked as often as once 
every 64 machine cycles or as seldom as once every 8192 machine 
cycles. 


When clocked, the main counter decrements. If the main watchdog 
counter reaches zero, a system reset will occur. To prevent the 
watchdog timer from under-flowing, the watchdog must be fed 
before it counts down to zero. When the watchdog is fed, the 
contents of the WDL register are loaded into the main watchdog 
counter and the prescaler is cleared. 


Symbol 
WDCON.? 


WDCON.6 
WDCON.5 


Position 
PRE2 


PRE1 
PREO 


Function 
Prescaler select (read/write). 


These bits select theprescaler divide ratio 
according to the following table: 


PRE2 
PRE1 
PREO 
DIVISOR {FROM foscl 


0 
0 
0 
12x64 


0 
0 
1 
12x64x2 


0 
1 
0 
12x64x4 


0 
1 
1 
12x64x8 


1 
0 
0 
12x64x16 


1 
0 
1 
12x64x32 


1 
1 
0 
12x64x64 


1 
1 
1 
12 x 64 x 128 


WDCON.4 
- 
WDCON.3 
WDCON.2 
WDRUN 


Not used 
Not used 
Run control (read/write). 
This bit turns the timer on (WDRUN ; 1) or off 
(WDRUN ; 0) if the timer mode has been 
selected. 
WDCON.1 
WDTOF 
TImeout flag (read/write). 
This bit is set when the watchdog timer 
underflows. It is cleared by an external reset 
and can be cleared by software. 


WDCON.O 
WDMOD 
Mode selection (read/write). 
When WDMOD ; 1, the watchdog is selected; 
when WDMOD ; 0, the timer is selected. 
Selecting the watchdog mode automatically 
disables power-down mode. WDMOD is 
cleared by external reset. Once the watchdog 
mode is selected, this bit can only be cleared 
by writing a 0 to this bit and then performing a 
feed operation. 
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A very specific sequence of events must take place to feed the 
watchdog timer; it cannot be fed accidentally by a runaway program. 
The following routines demonstrate setting up and feeding the 
watchdog timer. These routines apply to all versions of the 8XC550 
except the ROM part when running from intemal program memory. 


This routine sets up and starts the watchdog timer. This is not 
necessary for intemal ROM operation, because setup of the 
watchdog timer on masked ROM parts is accomplished directiy via 
ROM mask options. 


SetWD: 
MOV 
WDL,#OFFh 
;Set watchdog reload value. 
MOV 
WDCON,#OE5;Set 
up timer prescaler, mode, and 


;run bits. 
ACALL FeedWD 
;Start watchdog with a feed 
;operation. 


This routine executes a watchdog timer feed operation, causing the 
timer to reload from WDL. Interrupts must be disabled during this 
operation due to the fact that the two feed registers must be loaded 
on consecutive instruction cycles, or a system reset will occur 
immediately. 


;This sequence must not be 
;interrupted. 
MOV WFEED1,#OA5h;First 
instruction of feed sequence. 
MOV WFEED2,#05Ah;Second 
instruction of feed 


;sequence. 
;Turn interrupts back on. 


An interrupt is available to allow the watchdog timer to be used as a 
general purpose timer in applications where the watchdog function is 
not needed. The timer operates in the same manner when used as a 
general purpose timer except that the timer interrupt is generated on 
timer underflow instead of a chip reset. Refer to the 87C550 data 
sheet for additional information on watchdog timer operation. 


Programming the Watchdog Timer 
Both the EPROM and ROM devices have a set of SFRs for holding 
the watchdog autoload values and the control bits. The watchdog 
time-out flag is present in the watchdog control register and 
operates the same in all versions. In the EPROM device, the 
watchdog parameters (autoload value and control) are always taken 
from the SFRs. In the ROM device, the watchdog parameters can 
be mask programmed or taken from the SFRs. The selection to take 
the watchdog parameters from the SFRs or from the mask 
programmed values is controlled by EA (external access). When EA 
is high (intemal ROM access), the watchdog parameters are taken 
from the mask programmed values. "the 
watchdog is masked 


programmed to the timer mode, then the autoload values and the 
pre-scaler taps are taken from the SFRs. When EA is low (extemal 
access), the watchdog parameters are taken from the SFRs. The 
user should be able to leave code in his program which initializes 
the watchdog SFRs even though he has migrated to the mask ROM 
part. This allows no code changes from EPROM prototyping to ROM 
coded production parts. 


Watchdog 
Detailed 
Operation 


EPROM Device (and ROMless Operation: 
EA = 0) 


In the ROMless operation (ROM part, EA = 0) and in the EPROM 
device, the watchdog operates in the following manner. 


Whether the watchdog is in the watchdog or timer mode, when 
extemal RESET is applied, the following takes place: 
- Watchdog mode bit set to timer mode. 


- Watchdog run control bit set to OFF. 


- Autoload register set to FF (max count). 


- Watchdog time-outflag 
cleared. 


- 
Prescaler is cleared. 


- 
Prescaler tap set to the highest divide. 


- Autoload takes place. 


The watchdog can be fed even though it is in the timer mode. 


Note that the operational concept is for the watchdog mode of 
operation, when coming out of a hardware reset, the software 
should load the autoload registers, set the mode to watchdog, and 
then feed the watchdog (cause an autoload). The watchdog will now 
be starting at a known point. 


" the watchdog is in the watchdog mode and running and happens 
to underflow at the time the external RESET is applied, the 
watchdog time-out flag will be cleared. 


When the watchdog is in the watchdog mode and the watchdog 
underflows, the following action takes place: 
- Autoload takes place. 


- Watchdog time-out flag is set 


- Timer mode interrupt flag unchanged. 


- 
Mode bit unchanged. 


- Watchdog run bit unchanged. 


- Autoload register unchanged. 


- 
Prescaler tap unchanged. 


- All other device action same as extemal reset. 


Note that if the watchdog underflows, the program counter will start 
from OOHas in the case of an external reset. The watchdog time-out 
IIag can be examined to determine if the watchdog has caused the 
reset condition. The watchdog time-out flag bit can be cleared by 
software. 


When the watchdog is in the timer mode and the timer software 
underflows, the following action takes place: 
- Autoload takes place. 


- Watchdog time-out IIag is set 


- 
Mode bit unchanged. 


- Watchdog run bit unchanged. 


- Autoload register unchanged. 


- 
Prescaler tap unchanged. 


The timer mode interrupt flag is cleared when the interrupt routine is 
invoked. This bit can also be cleared directly by software without a 
software feed operation. 


Mask ROM Device (EA = 1) 
In the mask ROM device, the watchdog mode bit (WDMOD) is mask 
programmed and the bit in the watchdog command register is read 
only and reflects the mask programmed selection. " the mask 
programmed mode bit selects the timer mode, then the watchdog 
run bit (WDRUN) operates as described under EPROM Device. " 
the mask programmed bit selects the watchdog mode, then the 
watchdog run bit has no effect on the timer operation. 
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Watchdog 
Function 
The watchdog consists of a programmable prescaler and the main 
timer. The prescaler derives its clock from the on-chip oscillator. The 
prescaler consists of a divide by 12 followed by a 13 stage counter 
with taps from stage 6 through stage 13. The tap selection is 
programmable. The watchdog main counter is a down counter 
clocked (decremented) each time the programmable prescaler 
underflows. The watchdog generates an underflow signal (and is 
autoloaded) when the watchdog is at count 0 and the clock to 
decrement the watchdog occurs. The watchdog is 8 bits long and 
the autoload value can range from 0 to FFH. (The autoload value of 
o is permissible since the prescaler is cleared upon autoload). 


This leads to the following user design equations. Definitions: lose 
is the oscillator period, N is the selected prescaler tap value, W is 
the main counter autoload value, tMINis the minimum watchdog 
time-out value (when the autoload value is 0), tMAXis the maximum 
time-out value (when the autoload value is FFH), to is the design 
time-out value. 


tMIN= Iosc x 12 x 64 
tMAX= tMINx 128 x 256 
to = tMINx 2PRESCALERx W 
(where prescaler = 0, 1, 2, 3, 4, 5, 6, or 7) 


Note that the design procedure is anticipated to be as follows. A 
tMAXwill be chosen either from equipment or operation 
considerations and will most likely be the next convenient value 
higher than to. (If the watchdog were inadvertently to start from FFH, 
an overflow would be guaranteed, barring other anomalies, to occur 
within tMAX).Then the value for the prescaler would be chosen from: 


prescaler = log2 (tMAX/ (Iosc x 12 x 256)) - 6 


This then also fixes tMIN' An autoload value would then be chosen 
from: 


W = to / tMIN- 1 


The software must be written so that a feed operation takes place 
every to seconds from the last feed operation. Some tradeoffs may 
need to be made. It is not advisable to include feed operations in 
minor loops or In subroutines unless the feed operation is a specific 
subroutine. 


Interrupts 
The 8XC550 interrupt structure is a seven-source, two-priority level 
interrupt system similar to that of the standard 80C51 
microcontroller. The interrupt sources are listed below in the order of 
their internal polling sequence. This is the order in which 
simultaneous interrupts of the same priority level would be serviced. 


Interrupt 
Priorities 


PRIORITY 
SOURCE 
VECTOR 
FUNCTION 
ADDRESS 


Highest 
INTO 
0003H 
External interrupt 0 


TFO 
OOOBH 
Counter/timer 0 overflow 


INT1 
0013H 
External interrupt 1 
TF1 
001BH 
Counter/timer 
1 overflow 


TI &RI 
0023H 
Serial port transmit/receive 


ADCI 
002BH 
ND converter conversion 
complete 


Lowest 
WDTOF 
0033H 
Watchdog timer overflow 
(only when not in 
watchdog mode) 


Interrupt 
Control 
Registers 
The standard 80C51 interrupt enable and priority registers have 
been modified slightly to take into account the additional interrupt 
sources of the 8XC550. 


Interrupt 
Enable Register 
MSB 
LSB 


EA I EWO I EAO I 
ES 
ET' 
EX' 
ETO 
EXO 


Symbol 
Position 
Function 
EA 
IE.7 
Global interrupt enable 


EWD 
IE.6 
Watchdog timer overflow 
EAD 
IE.5 
ND conversion complete 


ES 
lEA 
Serial port transmit or receive 


ET1 
IE.3 
Timer 1 overflow 
EX1 
IE.2 
External interrupt 1 
ETO 
IE.1 
Timer 0 overflow 
EXO 
IE.O 
External interrupt 0 


Interrupt 
Priority 
Register 
MSB 
LSB 


PWD I 
PAO 
PS 
pn 
PX1 
PTO 
PXO 


Power-Down 
and Idle Modes 


The 8XC550 includes the standard 80C51 power-down and idle 
modes of reduced power consumption. 
In addition, the 8XC550 
includes an option to separately turn off the serial port for extra 
power savings when it is not needed. Also, the individual functional 
blocks such as the counter/timers are automatically disabled when 
they are not running. This actually turns off the clocks to the block in 
question, resulting in additional power savings. Note that when the 
watchdog timer is operating, the processor is inhibited from entering 
the power-down mode. This is due to the fact that the oscillator is 
stopped in the power-down mode, which would effectively turn off 
the watchdog timer. In keeping with the purpose of the watchdog 
timer, the processor is prevented from accidentally entering 
power-down due to some erroneous operation. 


Power Control 
Register 
MSB 
I SMODI SIOL I 


Symbol 
PWD 
PAD 
PS 
PT1 
PX1 
PTO 
PXO 


Position 
IP.6 
IP.5 
IPA 
IP.3 
IP.2 
IP.1 
IP.O 


PCON.5 
PCONA 
PCON.3 
PCON.2 
PCON.1 


Function 
Watchdog timer 
ND conversion 
Serial port interrupt 
Timer 1 interrupt 
External interrupt 1 
Timer 0 interrupt 
External interrupt 0 


Function 
Double baud rate bit. When set to a 1 and 
Timer 1 is used to generate baud rate, and 
the serial port is used in modes 1, 2, or 3. 
Separately idles the serial port for additional 
power savings. 
Reserved 
Reserved 
General-purpose 
flag bit. 


General-purpose 
flag bit. 


Power-down bit. Starting this bit activates 
power-down operation. 
Idle mode bit. Setting this bit activates 
idle mode 
operation. 


If 1s are written to PD and IDL at the same time, PD takes 
precedence. 
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OSCILLATOR 
CHARACTERISTICS 


XTAL 1 and XTAL2 are the input and output, respectively, of an 
inverting amplifier. The pins can be configured for use as an on-chip 
oscillator, as shown in the Block Diagram, page 3-452). 


To drive the device from an extemal clock source, XTAL 1 should be 
driven while XTAL2 is left unconnected. There are no requirements 
on the duty cycle of the extemal clock signal, because the input to 
the intemal clock circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and low times specified in 
the data sheet must be observed. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep while all of the on-chip 
peripherals except the AID stay active. the instruction to invoke the 
idle mode is the last instruction executed in the normal operating 
mode before the idle mode is activated. An AID conversion in 
progress will be aborted when idle mode is entered. The CPU 
contents, the on-chip RAM, and all of the special function registers 


remain intact during this mode. The idle mode can be terminated 
either by any enabled interrupt (at which time the process is picked 
up at the interrupt service routine and continued), or by a hardware 
reset which starts the processor in the same manner as a power-on 
reset. 


Programmable 
Idle Modes 
The programmable idle modes have been dispersed throughout the 
functional blocks. Each block has its own ability to be disabled. For 
example, if timer 0 is not commanded to be running (TR = 0), then 
the clock to the timer is disabled resulting in an idle mode power 
saving. An additional idle control bit has been added to the serial 
communications 
port. 


AID Operation 
in Idle Mode 
When in the idle mode, the AID converter will be disabled. However, 
the current through the VREFpins will be present and will not be 
reduced internally in either the idle or the power-down modes. It is 
the responsibility of the user to disconnect VREFto reduce power 
supply current. 


BIT 
WDCON.? 
WDCON.6 
WDCON.5 


SYMBOL 
PRE2 
PRE1 
PREO 


WDCON.4 


WDCON.3 
WDCON.2 
WDRUN 


FUNCTION 
Prescaler Select (ReadlWrite). 
Prescaler Select (ReadlWrite). 
Prescaler Select (ReadlWrite). 
Thses bits select the prescaler divide ratio according to the following 
table: 


DIVISOR 
PRE2 
PRE1 
PREO 
(fromfosel 


0 
0 
0 
12X64 
0 
0 
1 
12X64X2 
0 
1 
0 
12X64X4 


0 
1 
1 
12X64X8 
1 
0 
0 
12X64X 
16 
1 
0 
1 
12X64X32 
1 
1 
0 
12X64X64 


1 
1 
1 
12X64X 
128 


Not used. 
Not used. 
Run Control (ReadlWrite). 
This bit turns the timer on (WDRUN = 1) or off (WDRUN = 0) if the 
timer mode has been selected. 
TImeout Flag (ReadlWrite). 
This bit is set when the watchdog timer underflows. It is cleared by an 
external reset and can be cleared by software. 
Mode Selection (ReadlWrite). 
When WDMOD = 1, the watchdog mode is selected; when WDMOD 
= 0, the timer mode is selected. Selecting the watchdog mode 
automatically disables power-down mode. WDMOD is cleared by 
extemal reset. Once the watchdog mode is selected, this bit can only 
be cleared by writing a 0 to this bit and then performing a feed 
operation. 
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DESIGN CONSIDERATIONS 
At power-on, the voltage on Vcc and RST must come up at the 
same time for a proper start-up. 


When the idle mode is terminated by a hardware reset, the device 
normally resumes program execution, from where it left off, up to 
two machine cycles before the internal reset algorithm takes control. 
On-chip hardware inhibits access to intemal RAM in this event, but 
access to the port pins is not inhibited. To eliminate the possibility of 
an unexpected write when idle is terminated by reset, the instruction 
following the one that invokes idle should not be one that writes to a 
port pin or to external memory. Table 2 shows the state of 1/0 ports 
during low current operating modes. 


Encryption Table 
The encryption table is a feature of the 83C550 and 87C550 that 
protects the code from being easily read by anyone other than the 
programmer. The encryption table is 32 bytes of code that are 
exclusive NORed with the program code data as it is read out. The 
first byte is XNORed with the first location read, the second with the 
second read, etc. 


After the encryption table has been programmed, the user has to 
know its contents in order to correcUy decode the program code 
data. The encryption table itself cannot be read out. 


For the EPROM (87C550) part, the encryption table is programmed 
in the same manner as the program memory, but using the "Pgm 
Encryption Table" levels specified in Table 4. After the encryption 
table is programmed, verification cycles will produce only encrypted 
information. 


For the ROM part (83C550) the encryption table information is 
submitted with the ROM code as shown in Table 3. 


Security Bits 
There are two security bits on the B3C550 and 87C550 that, when 
set, prevent the program data memory from being read out or 
programmed further. 


After the first security bit is programmed, the external MOVe 
instruction is disabled, and for the 87C550, further programming of 
the code memory or the encryption table is disabled. The other 
security bit can of course still be programmed. With only security bit 
one programmed, the memory can still be read out for program 
verification. After the second security bit is programmed, it is no 
longer possible to read out (verify) the program memory. 


To program the security bits for the 87C550, repeat the 
programming sequence using the "Pgm Security Bit" levels specified 
in Table 4. For the masked ROM B3C550 the security bit information 
is submitted with the ROM code as shown in Table 3. 


ROM Code Submission 
When submitting a ROM code for the 83C550, the following must be 
specified: 
1. The 4k byte user ROM program. 


2. 
The 32 byte ROM encryption key. 


3. 
The ROM security bits. 


4. 
The watchdog timer parameters. 


This information can be submitted in an EPROM (2764) or hex file 
with the format specified in Table 3. 


MODE 
PROGRAM MEMORY 
ALE 
PSER 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


ADDRESS 
CONTENT 
BIT(s) 
COMMENT 


OOOOHto OFFFH 
Data 
7:0 
User ROM data 


1000H to 101FH 
Key 
7:0 
ROM encryption key; FFH = no encryption 


1020H 
Security bit 
0 
ROM security bit 1 


1020H 
Security bit 
1 
ROM security bit 2 
o = enable security feature 
1 = disable security feature 


1030H 
WDCON' 
7:5 
PRE2:0 


1030H 
WDCON' 
4 
Not used 


1030H 
WDCON' 
3 
Not used 


1030H 
WDCON' 
2 
WDRUN = 0, not ROM coded 


1030H 
WDCON' 
1 
WDTOF = 0, not ROM coded 
1030H 
WDCON' 
0 
WDMOD 


1031H 
Not used 


1032H 
WD 
7:0 
Watchdog autoload value 
(see specification) 


NOTE: 
1. See Watchdog Timer Specification for definition of WDL and WDCON bits. 
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Electrical 
Deviations 
from Commercial 
Specifications 
for Extended 
Temperature 
Range 


DC and AC parameters not included here are the same as in the commercial temperature range table. 


DC ELECTRICAL 
CHARACTERISTICS 
Tamb~ --40°C to +B5°C, Vee ~ 5V ±10% (B7C550), Vee ~ 5V ±20% (BO/B3C550), 
Vss ~ ov 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage, except EA 
-<l.5 
0.2Vec-<l·15 
V 


VIL1 
Input low voltage to EA 
0 
o.2Vec-<l.35 
V 


V1H 
Input high voltage, except XTAL I, RST 
0.2Vee+1 
Vee+0.5 
V 


VIHl 
Input high voltage to XTAL I, RST 
0·7Vee+0.1 
Vee+0.5 
V 


IlL 
Logical 0 input current, ports 2, 3 
VIN ~ 0.45V 
-75 
I'A 


ITL 
Logical l·to-O transition current, ports 2, 3 
V1N~ 2.0V 
-750 
I'A 


Ice 
Power supply current: 
Vee ~ 4.5-5.5V, 
Active mode 
Frequency range ~ 
35 
mA 
Idle mode 
6 
mA 
Power down mode 
3.5 to 16MHz 
50 
I'A 


ADC DC ELECTRICAL 
CHARACTERISTICS 


AVec ~ 5V ±10%, AVss ~ OV,Tamb~ --40°C to B5°C, unless otherwise specified 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


AVec 
Analog supply 
AVec ~ Vee ± 0.2 
4.5 
5.5 
V 


VREF 
Analog reference; AVREF+AVREF- 
AVss - 0.2 
AVec + 0.2 
V 


Alec 
Analog operating supply current 
See note 1 
3.0 
mA 


AVIN 
Analog input voltage 
AVss-0.2 
AVec + 0.2 
V 


Ale,CIA 
Analog input capacitance 
15 
pF 


tAOS 
Sampling time 
B!cv 


tAoe 
Conversion time 
40!cv 


Ae 
Absolute voltage error 
±1.5 
LSB 


ERA 
Relative accu racy 
±1 
LSB 


OSe 
Offset error 
See note 1 
±1 
LSB 


Ge 
Gain error 
See note 1 
0.4 
% 


MeTe 
Channel-to-channel 
matching 
±1 
LSB 


Ct 
Crosstalk 
o -100kHz 
~O 
dB 


Rref 
Resistance between AVREF+and AVREF- 
1.0 
10.0 
KO 


Allo 
Idle mode supply current 
See note 4 
50 
IlA 


AIPO 
Power down supply current 
See note 4 
50 
IlA 
NOTES: 
1. Conditions: VREF+~ 4.99712V, VREF- ~ OV.Alec value does not include the resistor ladder current. For the 40-pin package, where the 
VREF- inputs are connected to AVec and AVss, the current Alec will be increased by the register ladder current and may exceed the 
maximum shown here. 


2. The resistor ladder network is not disconnected in the power-down or idle modes. Thus to conserve power, the user must remove AVec and 
VREF+· 


3. 
If the AID function is not required, or if the AID function is only needed periodically, AVec can be removed without affecting the operation of 
the digital circuitry. Contents of ADCON and ADAT are not guaranteed to be valid. Digital inputs Pl.0 to Pl.7 will not function normally. No 
digital outputs are present on these pins. 


4. 
For this test, the Analog inputs must be at the supplies (either Voo or Vss). 
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PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
-40 to +B5 
°C 


Storage temperature range 
~5to+150 
°C 


Voltage on E7\Npp pin to Vss (B7C550 only) 
Oto+13.0 
V 


Voltage on any other pin to Vss 
-<J.5to +6.5 
V 


Input, output current on any two 1/0 pins 
±10 
mA 


Power dissipation (based on package heat transfer limitations, not device power consumption) 
1.5 
W 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 
2. 
This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb~ O°C to +70°C or -40°C to +B5°C, Vee ~ 5V ±10% (B7C550), Vee ~ 5V ±20% (BO/B3C550). 
Vss ~ OV 


TEST 
UMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYPICALI 
MAX 
UNIT 


VIL 
Input low voltage. except EA7 
-<J.5 
0.2Vec-<J·l 
V 


VIL1 
Input low voltage to EA7 
0 
0.2Vec-<J·3 
V 


VIH 
Input high voltage, except XTAL 1, RST7 
0.2Vec+0.9 
Vee+0.5 
V 


VIHI 
Input high voltage. XTAL 1, RST7 
O·7Vee 
Vee+0.5 
V 


VOL 
Output low voltage, ports 2, 3 
IOL~ 1.6mA2 
0.45 
V 


VOL1 
Output low voltage, port 0, ALE, PSEfil 
IOL~ 3.2mA2 
0.45 
V 


VOH 
Output high voltage, ports 2, 3, ALE, J5SEI\I3 
IOH~~OlJA, 
2.4 
V 


IOH~ -25lJA 
0.75Vee 
V 


IOH~ -10lJA 
0.9Vee 
V 


VOHl 
Output high voltage (port 0 in ex1emal bus mode) 
IOH~ ~OOlJA, 
2.4 
V 


IOH~ -300lJA 
0.75Vee 
V 


IOH~-80lJA 
0.9Vee 
V 


IlL 
Logical 0 input current, ports 1, 2, 37 
V1N~ 0.45V 
-50 
lJA 


ITL 
Logical l-to-O transition current, ports 1. 2, 37 
See note 4 
~50 
lJA 


III 
Input leakage current, port 0 
VIN ~ VIL or VIH 
±10 
lJA 


Ice 
Power supply current (does not include Alee):7 
See note 6 
Active mode @ 16MHzs 
11.5 
25 
mA 
Idle mode @ 16MHz 
1.3 
5 
mA 
Power down mode 
3 
50 
lJA 


RRST 
Internal reset pull-down resistor 
50 
300 
kn 


CIO 
Pin capacitance (1/0 pins only) 
10 
pF 
NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperafure, 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VoLs of ALE and ports 1 and 3. The noise is due 
to ex1emal bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> 
100pF). the noise pulse on the ALE pin may exceed O.BV.In such cases. it may be desirable to qualify 
ALE with a Schmitt Trigger. or use an address latch with a Schmitt Tri~STROBE 
input. 


3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEfil to momentarily fall below the 0.9Vee specification when the 
address bits are stabilizing. 


4. 
Pins of ports 2 and 3 source a transition current when they are being ex1ernally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 


5. 
Ice MAX at other frequencies is given by: Active mode; leeMAX ~ 1.43 x FREQ + 1.90: Idle mode; leeMAX ~ 0.14 x FREQ +2.31, 
where FREQ is the ex1emal oscillator frequency in MHz. leeMAX is given in mA. See Figure 12. 
6. 
See Figures 13 through 16 for Ice test conditions. 
7. These values apply only to Tamb~ O°C to +70°C. For Tamb~ -40°C to +B5°C. See table on previous page. 
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AC ELECTRICAL 
CHARACTERISTICS 
Tamb= O°C to +70°C or-40°C 
to +85°C, VCC = 5V ±10% (87C550), VCC= 5V ±20% (80/83C550), VSS = OV1,2 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltcLCL 
5 
Oscillator frequency: 
Speed Versions 
S8XC550 Exx 
3.5 
16 
MHz 


It.HLL 
5 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
5 
Address valid to ALE low 
7 
tCLCL-55 
ns 


It.LAX 
5 
Address hold after ALE low 
27 
lcLCL-35 
ns 


It.L1V 
5 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


It.LPL 
5 
ALE low to f5SEJiIlow 
22 
lcLCL-40 
ns 


tPLPH 
5 
f5SEJiIpulse width 
142 
3lcLCL-45 
ns 


tPLIV 
5 
f5SEJiIlow to valid instruction in 
82 
3lcLCL-105 
ns 


tPXIX 
5 
Input instruction hold after f5SEJiI 
0 
0 
ns 


tPXIZ 
5 
Input instruction float after f5SEJiI 
37 
lcLCL-25 
ns 


tAVIV 
5 
Address to valid instruction in 
207 
5lcLCL-105 
ns 


tpLAZ 
5 
f5SEJiIlow to add ress float 
10 
10 
ns 


Data Memory 


tRLRH 
6,7 
'RU pulse width 
275 
6lcLCL-100 
ns 


tWLWH 
6,7 
WR pulse width 
275 
6tCLCL-100 
ns 


tRLDV 
6,7 
'RU low to valid data in 
212 
5lcLCL-165 
ns 


tRHDX 
6,7 
Data hold after 'RU 
0 
0 
ns 


tRHDZ 
6,7 
Data float after 'RU 
55 
2lcLCL-70 
ns 


It.LDV 
6,7 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAvDV 
6,7 
Address to valid data in 
397 
9lcLCL-165 
ns 


It.LWL 
6,7 
ALE low to 'RU or WR low 
137 
247 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
6,7 
Address valid to WR low or 'RU low 
120 
4tCLCL-130 
ns 


tavwx 
6,7 
Data valid to WR transition 
12 
tCLCL-50 
ns 


tWHQX 
6,7 
Data hold after WR 
12 
tCLCL-50 
ns 


tRLAZ 
6, 7 
'RU low to address float 
0 
0 
ns 


tWHLH 
6, 7 
'RU or WR high to ALE high 
22 
102 
lcLCL-40 
lcLCL+40 
ns 


External 
Clock 
, 


lcHCX 
9 
High time 
20 
20 
ns 


lcLCX 
9 
Low time 
20 
20 
ns 


lcLCH 
9 
Rise time 
20 
20 
ns 


lcHCL 
9 
Fall time 
20 
20 
ns 


Shift Register 


tXLXL 
8 
Serial port clock cycle time 
750 
12lcLCL 
ns 


taVXH 
8 
Output data setup to clock rising edge 
492 
1OteLCL-133 
ns 


tXHQX 
8 
Output data hold after clock rising edge 
8 
2lcLCL-117 
ns 


tXHDX 
8 
Input data hold after clock rising edge 
0 
0 
ns 


tXHDV 
8 
Clock rising edge to input data valid 
492 
1OlcLCL-133 
ns 


NOTES: 
1. Parameters are valid over operating tep~ENture 
range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and 
= 100pF, load capacitance for all other outputs = 80pF. 
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EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The first character is always 
'I' (= time). The other characters, depending on their positions. 
indicate the name of a signal or the logical status of that signal. The 
designations are: 
A - 
Address 
C - 
Clock 
D - 
Input data 
H - 
Logic level high 
I 
- 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 


P - 
15SEIiI 
a - Output data 
R - 
"RUsignal 
t 
- 
TIme 
V - 
Valid 
w- 
WRsignal 
X - 
No longer a valid logic level 
Z - 
Float 
Examples: 
tAVLL= TIme for address valid to ALE low. 
tLLPL= TIme for ALE low to 15SEIiIlow. 
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OUTPUT 
DATA, 
t 
WRITE 
TO SBUF 


INPUT 
DATA,-' 


CLEAR 
RI 


VCC-O·5 
- - - - 
O·7VCC 


O.45V 
O.2VCC-O.1 


CMOS single-chip 
8-bit microcontroller 


with AID and watchdog 
timer 


VC~5 =x 02VCC+09 
>C 


02VC~1 


045V 
~--- 


TIMING 
REFERENCE 
POINTS 


~g;;~uls 
during 
testing 
are driven 
at Vcc 
-0.5 
for a logic '1' and O.45V for a logic '0', 


nming measurements are made at VIH min for a logic '1' and VIL max for a logic 'a'. 


NOTE, 
For timing purposes, a port is no longer floating when a l00mV change from load 
voltage occurs, and begins to floal when a 100mV change from the loaded VotIVa. 
level 
occurs. 
loWIOL 
2: ±20mA. 


MAX 
IDLE 
MODE 


TYP 
IDLE MODE 


Figure 12. lee vs. FREQ (Commercial 
Temp. Range) 
Valid only within 
frequency 
specifications 
of the device under test 


CMOS single-chip 
a-bit microcontroller 
with AID and watchdog 
timer 


Figure 13. Icc Test Condition, 
Active 
Mode 


All other pins are disconnected 
Figure 14. Icc Test Condition, 
Idle Mode 


All other pins are disconnected 


VC~·5 
- 
- 
- 
- 
O.Nee 


O.45V 
O.2Ve~.1 


Figure 15. Clock Signal Waveform 
for lec Tests in Active and Idle Modes 


lcLCH = lcHCL = 5ns 


Figure 16. Icc Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vcc = 2V to 5.5V. 


CMOS single-chip 
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timer 


EPROM CHARACTERISTICS 
The 87C550 is programmed by using a modified Quick-Pulse 
Programming'· 
algorithm. It differs from older methods in the value 


used for Vpp (programming supply voltage) and in the width and 
number of the ALEII'ROO 
pulses. 


The 87C550 contains two signature bytes that can be read and used 
by an EPROM programming system to identify the device. The 
signature bytes identify the device as an S87C550 manufactured by 
Philips. 


Table 4 shows the logic levels for reading the signature byte, and for 
programming the program memory, the encryption table, and the 
lock bits. The circuit configuration and waveforms for quick-pulse 
programming are shown in Figures 17 and 18. Figure 19 shows the 
circuit configuration for normal program memory verification. 


Quick-Pulse Programming 
The setup for microcontroller quick-pulse programming is shown in 
Figure 17. Note that the 87C550 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to be running is that the 
device is executing internal address and program data transfers. 


The address of the EPROM location to be programmed is applied to 
ports 2 and 3, as shown in Figure 17. The code byte to be 
programmed into that location is applied to port O. RST, f'SEl'i! and 
pins of ports 1 and 2 specified in Table 4 are held at the 'Program 
Code Data' levels indicated in Table 4. The ALEII'ROO 
is pulsed 


low 25 times as shown in Figure 18. 


To program the encryption table, repeat the 25 pulse programming 
sequence for addresses 0 through 1FH, using the 'Pgm Encryption 
Table' levels. Do not forget that after the encryption table is 
programmed, verification cycles will produce only encrypted data. 


To program the security bits, repeat the 25 pulse programming 
sequence using the 'Pgm Security Bit' levels. After one security bit is 
programmed, further programming of the code memory and 
encryption table is disabled. However, the other security bit can still 
be programmed. 


Note that the 'tAN pp pin must not be allowed to go above the 
maximum specified Vpp level for any amount of time. Even a narrow 
glitch above that voltage can cause permanent damage to the 
device. The Vpp source should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 


If security bit 2 has not been programmed, the on-Chip program 
memory can be read out for program verification. The address of the 
program memory locations to be read is applied to ports 2 and 3 as 
shown in Figure 19. The other pins are held at the 'Verify Code Data' 
levels indicated in Table 4. The contents of the address location will 
be emitted on port O. External pull-ups are required on port 0 for this 
operation. 


If the encryption table has been programmed, the data presented at 
port 0 will be the exclusive NOR of the program byte with one of the 
encryption bytes. The user will have to know the encryption table 
contents in order to correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 
The signature bytes are read by the same procedure as a normal 
verification of locations 030H and 031H, except that P1.0 and P1.1 
need to be pulled to a logic low. The values are: 
(030H) ~ 
15H indicates manufactured by Philips 


(031 H) ~ 96H indicates S87C550 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the conditions listed in Table 4, and 
which satisfies the timing specifications, 
is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have wavelengths in this 
range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. For this and secondary 
effects, 


it is recommended 
that an opaque 
label be placed over the 


window. 
For elevated temperature or environments where solvents 


are being used, apply Kapton tape Fluorglas part number 2345-5, 
or 


equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-seclcm2. 
Exposing the EPROM to an ultraviolet lamp of 12,000uW/cm2 rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


MODE 
RST 
PSEN 
ALEIJ5RO"G 
fgJVpp 
P2.7 
P2.6 
P1.1 
P1.0 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O· 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 


Pgm security bit 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 


pgm security bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 
NOTES: 
1. '0' ~ Valid low for that pin, '1' ~ valid high for that pin. 
2. 
Vpp ~ 12.75V ±O.25V. 
3. 
Vcc ~ 5V±10% during programming and verification. 
ALEII'ROO 
receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100115(±10lts) and high for a 
minimum of lOlts. 
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AVcc 
Vcc 


P3 
PO 


RST 
EVIpp 


PLO 
AlEll'ROG 


Pl.1 
87C550 
I'Srn 


XTAL2 
P2.7 


P2.6 


XTAl1 
P2.0-P2.4 
AVSS 
Vss 


lOiJ.sMIN -----11 .••---- 
100iJ.s±10 ---~.~I 
n'-- 
~n'---- 
'-------------- 


AVcc 
Vcc 


P3 
PO 


RST 
EVIpp 


P'.O 
AlEll'ROG 


Pl.1 
87C550 
I'Srn 


XTAL2 
P2.7 


P2.6 


XTAl' 
P2.o-P2.4 
AVss 
vss 


CMOS single-chip 8-bit microcontroller 
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EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21'C 
to +27'C, 
VCC = 5V±10%, 
VSS = OV (See Figure 20) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1ltcLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup to P"ROO low 
48teLCL 


IGHAX 
Address 
hold after P"ROO 
48teLCL 


tDVGL 
Data setup to P"ROO low 
48teLCL 


IGHDX 
Data hold after P"ROO 
48teLCL 


tEHSH 
P2.7 (EFlABI:E) 
high to Vpp 
48teLCL 


tsHGL 
Vpp setup to P"ROO low 
10 
J!S 


IGHSL 
Vpp hold after P"ROO 
~ 
10 
I's 


IGLGH 
P"ROOwidth 
90 
110 
J!S 


tAVQV 
Address 
to data valid 
48teLCL 


tELQZ 
EFlABI:E 
low to data valid 
48teLCL 


tEHQZ 
Data float after EFlABI:E 
0 
48teLCL 


IGHGL 
P"ROO high to P"ROO low 
10 
J!S 


NOTE: 
FORPROGRAMMINGVERIFICATION,SEEFIGURE17. 
FORVERIFICATIONCONDI110NS.SEERGURE19. 


Philips 
Semiconductors 


8XC552 
OVERVIEW 
The 8XC552 is a stand-alone high-performance 
microcontroller 


designed for use in real-time applications such as instrumentation, 
industrial control, and automotive control applications such as 
engine management and transmission control. The device provides, 
in addition to the 80C51 standard functions, a number of dedicated 
hardware functions for these applications. 


The 8XC552 single-ehip 8-bit microcontroller is manufactured in an 
advanced CMOS process and is a derivative of the 80C51 
microcontroller family. The 8XC552 uses the powerful instruction set 
of the 80C51. Additional special function registers are incorporated 
to control the on-chip peripherals. Three versions of the derivative 
exist although the generic term "8XC552" is used to refer to family 
members: 


83C552: 
8k bytes mask-programmable 
ROM, 256 bytes RAM 


87C552: 
8k bytes EPROM, 256 bytes RAM 


80C552: 
ROMless version of the 83C552 


The 8XC552 contains a nonvolatile 8k x 8 read-only program 
memory, a volatile 256 x 8 read/write data memory, five 8-bitl/0 
ports and one 8-bit input port, two 16-bit timer/event counters 
(identical to the timers of the 80C51), an additional 16·bittimer 
coupled to capture and compare latches, a fifteen-source, 
two-priority-Ievel, 
nested interrupt structure, an 8-input ADC, a dual 
DAC pulse width modulated interface, two serial interfaces (UART 
and 12Cbus), a "watchdog" timer, and on-chip oscillator and timing 
circuits. For systems that require extra capability, the 8XC552 can 
be expanded using standard TTL compatible memories and logic 


The 8XC552 has two software selectable modes of reduced activity 
for further power reduction-Idle 
and Power-down. The idle mode 
freezes the CPU and resets Timer T2 and the ADC and PWM 
circuitry but allows the other timers, RAM, serial ports, and interrupt 
system to continue functioning. The power-down mode saves the 
RAM contents but freezes the oscillator, causing all other chip 
functions to become inoperative. 


83C562 
OVERVIEW 
The 83C562 has been derived from the 8XC552 with the following 
changes: 


• The SI01 (I2C) interface has been omitted. 


• The output of port lines P1.6 and P1.7 have a standard 


configuration instead of open drain. 


• The resolution of the AID converter is decreased from 10 bits to 8 


bits. 


• The time of an AID conversion has decreased from 50 machine 


cycles to 24 machine cycles. 


All other functions, pinning and packaging are unchanged. 


This chapter of the users' guide can be used for the 83C562 by 
omitting or changing the follOWing: 


• Disregard the description of SI01 (I2C). 


• The SFRs for the interface: S1ADR, S1DAT, S1STA, and S1CON 


are not implemented. The two SI01 related flags ES1 in SFR 
lEND and PS1 in SFR IPOare also not implemented. These two 


flag locations are undefined after RESET. The interrupt vector for 
SI01 is not used. 


• Port lines P1.6 and P1.7 are not open drain but have the same 


standard configuration and electrical characteristics 
as P1.0-P1.5. 


Port lines P1.6 and P1.7 have alternative functions. 


• The AID converter has a resolution of 8 bits instead of 10 bits and 
consequently the two high-order bits 6 and 7 of SFR ADCON are 
not implemented. These two locations are undefined after RESET. 
The 8-bit result of an AID conversion is present in SFR ADCH. 
The result can always be calculated from the formula: 


256 x 
V1N 
- 
AV,ef_ 


AV,ef+ - AV,ef_ 


The AID conversion time is 24 machine cycles instead of 50 
machine cycles, and the sampling time is 6 machine cycles 
instead of 8 machine cycles. The conversion time takes 3 
machine cycles per bit. 


• The serial I/O function SIOO and its SFRs SOBUF and SOCON are 
renamed to SIO, SBUF, and SCaN. The interrupt related flags 
ESO and PSOare renamed ES and PS. Interrupt source SO is 
renamed S. The serial I/O function remains the same. 


Program 
Memory 
The 8XC552 contains 8k bytes of on-chip program memory which 
can be extended to 64k bytes with extemal memories (see 
Figure 1). When the EA pin is held high, the 8XC552 fetches 
instructions from internal ROM unless the address exceeds 1FFFH. 
Locations 2000H to FFFFH are fetched from extemal program 
memory. When the EA pin is held low, all instruction fetches are 
from extemal memory. ROM locations 0003H to 0073H are used by 
interrupt service routines. 


Data Memory 
The internal data memory is divided into 3 sections: the lower 128 
bytes of RAM,the 
upper 128 bytes of RAM, and the 128-byte 


special function register areas. The lower 128 bytes of RAM are 
directly and indirectly addressable. While RAM locations 128 to 255 
and the special function register area share the same address 
space, they are accessed through different addressing modes. RAM 
locations 12B to 255 are only indirectly addressable, and the special 
function registers are only directly addressable. All other aspects of 
the intemal RAM are identical to the 8051. 


The stack may be located anywhere in the intemal RAM by loading 
the B-bit stack pointer. Stack depth is 256 bytes maximum. 


Special 
Function 
Registers 
The special function registers (directly addressable only) contain all 
of the 8XC552 registers except the program counter and the four 
register banks. Most of the 56 special function registers are used to 
control the on-chip peripheral hardware. Other registers include 
arithmetic registers (ACC, B, PSW), stack pointer (SP), and data 
pointer registers (DHP, DPL). Sixteen of the SFRs contain 12B 
directly addressabie bit locations. Table 1 lists the BXC552's special 
function registers. 


The standard BOC51 SFRs are present and function identically in the 
8XC552 
except 
where 
noted 
in the following 
sections. 


(7FH) 
127 
- 
- 
- 
- 
- 
- 
- 
- 


INTERNAL 
DATA RAM 


'---------y------./ 


PROGRAM 
MEMORY 


"--~---- ----_../ 
--y 


INTERNAL 


DATA 
MEMORY 


TimerT2 
Timer T2 is a 16-bit timer consisting of two registers TMH2 (HIGH 
byte) and TML2 (LOW byte). The 16-bit timer/counter can be 
switched off or clocked via a prescaler from one of two sources: 
foscl12 or an extemal signal. When Timer T2 is configured as a 
counter, the prescaler is clocked by an external signal on T2 (P1.4). 
A rising edge on T2 increments the prescaler, and the maximum 
repetition rate is one count per machine cycle (lMHz 
with a 12MHz 


oscillator). 


The maximum repetition rate for Timer T2 is twice the maximum 
repetition rate for Timer 0 and Timer 1. T2 (P1.4) is sampled at 
S2P1 and again at S5P1 (i.e., twice per machine cycle). A rising 
edge is detected when T2 is LOW during one sample and HIGH 
during the next sample. To ensure that a rising edge is detected, the 
input signal must be LOW for at least 1/2 cycle and then HIGH for at 
least 1/2 cycle. If a rising edge is detected before the end of S2P1 
the timer will be incremented during the following cycle; otherwise 'it 
will be incremented one cycle later. The prescaler has a 
programmable division factor of 1, 2, 4, or 8 and is cleared if its 
division factor or input source is changed, or if the timer/counter is 
reset. 


Timer T2 may be read "on the fly" but possesses no extra read 
latches, and software precautions may have to be taken to avoid 
misinterpretation 
in the event of an overflow from least to most 


significant byte while Timer T2 is being read. Timer T2 is not 
loadable and is reset by the RST signal or by a rising edge on the 


input signal RT2, if enabled. RT2 is enabled by setting bit T2ER 
(TM2CON.5). 


When the least significant byte of the timer overflows or when a 
16·bit overflow occurs, an interrupt request may be generated. 
Either or both of these overflows can be programmed to request an 
interrupt. In both cases, the interrupt vector will be the same. When 
the lower byte (TML2) overflOWS,flag T2BO (TM2CON) is set and 
flag T20V (TM2IR) is set when TMH2 overflows. These flags are set 
one cycle after an overflow occurs. Note that when T20V is set 
T2BO will also be set. To enable the byte overflow interrupt, bit~ ET2 
(IEN1.7, enable overflow interrupt, see Figure 2) and T21S0 
(TM2CON.6, byte overflow interrupt select) must be set. Bit TWBO 
(TM2CON.4) is the Timer T2 byte overflow flag. 


To enable the 16-bit overflow interrupt, bits ET2 (IE1.7, enable 
overflow interrupt) and T21S1 (TM2CON.7, 
16-bit overflow interrupt 


select) must be set. Bit T20V 
(TM21R.7) is the Timer T2 16-bit 


overflow flag. All interrupt flags must be reset by software. To enable 
both byte and 16-bit overflow, T21S0 and T21S1 must be set and two 
interrupt se,,:,ice routines are required. A test on the overflow flags 
Indicates which routine must be executed. For each routine, only the 
corresponding overflow flag must be cleared. 


Timer T2 may be reset by a rising edge on RT2 (P1.5) if the Timer 
T2 extemal reset enable bit (T2ER) in T2CON is set. This reset also 
clears the prescaler. In the idle mode, the timer/counter 
and 
prescaler are reset and halted. Timer T2 is controlled by the 
TM2CON special function register (see Figure 3). 


Table 1. 
8XC552 Special Function Registers 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


ADCH# 
AID converter high 
C6H 
)()()()()(xxxB 


ADCON# 
Adc control 
C5H 
ADC.1 
AADRO 
xxOOOOOOB 


B' 
B register 
FOH 
F7 
Fa 
OOH 


CTCON# 
Capture control 
EBH 
CTN3 
CTPO 
OOH 


CTH3# 
Capture high 3 
CFH 
)()()()()()()()B 


CTH2# 
Capture high 2 
CEH 
)()()()()()()()B 


CTH1# 
Capture high 1 
CDH 
xxxxxxxxB 


CTHO# 
Capture high a 
CCH 
)()()()()()()()B 


CMH2# 
Compare high 2 
CBH 
OOH 


CMH1# 
Compare high 1 
CAH 
OOH 


CMHO# 
Compare high a 
C9H 
OOH 


CTL3# 
Capture low 3 
AFH 
xxxxxxxxB 


CTL2# 
Capture low 2 
AEH 
)()()()()(xxxB 


CTL1# 
Capture low 1 
ADH 
xxxxxxxxB 


CTLO# 
Capture low a 
ACH 
xxxxxxxxB 


CML2# 
Compare low 2 
ABH 
OOH 


CML1# 
Compare low 1 
AAH 
OOH 
CMLO# 
Compare low a 
A9H 
OOH 


DPTR: 
Data pointer 


(2 bytes) 
DPH 
Data pointer high 
83H 
OOH 
DPL 
Data pointer low 
82H 
OOH 


AF 
A8 


IENO'# 
Interrupt enable a 
A8H 
EA 
EXO 
OOH 


EF 
E8 


IEN1'# 
Interrupt enable 1 
E8H 
ET2 
ECTO 
OOH 


BF 
B8 


IPO'# 
Interrupt priority a 
B8H 
PXO 
xOOOOOOOB 


FF 
F8 


IP1'# 
Interrupt priority 1 
F8H 
PT2 
PCTO 
OOH 


P5# 
Port 5 
C4H 
ADC7 
ADCO 
)()()()()()()()B 


C7 
CO 


P4# 
Port 4 
COH 
CMT1 
CMSRO 
FFH 


B7 
BO 


P3' 
Port 3 
BOH 
"RO 
RXD 
FFH 


A7 
AO 


P2' 
Port 2 
AOH 
A15 
A8 
FFH 


97 
90 


P1' 
Port 1 
90H 
SDA 
CTOI 
FFH 


87 
80 


PO' 
PortO 
80H 
AD7 
ADO 
FFH 


PCON# 
Power control 
87H 
SMOD 
IDL 
OOxxOOOOB 


D7 
DO 


PSW' 
Program status word 
DOH 
CY 
P 
OOH 
SFRs are bit addressable. 


# 
SFRs are modified from or added to the 80C51 SFRs. 


1996 Aug 06 
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Table 1. 
8XC552 Special Function Registers (Continued) 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


PWMP# 
PWM prescaler 
FEH 
OOH 
PWM1# 
PWM register 1 
FDH 
OOH 
PWMO# 
PWM register 0 
FCH 
OOH 


RTE# 
ReseVtoggle enable 
EFH 
TP47 
RP40 
OOH 


SP 
Stack pointer 
81H 
07H 


SOBUF 
Serial 0 data buffer 
99H 
XXJOOOOO(B 


9F 
98 


SOCON" 
Serial 0 control 
98H 
SMO 
RI 
OOH 


S1ADR# 
Serial 1 address 
DBH 
GC 
OOH 


SIDAT# 
Serial 1 data 
DAH 
OOH 


S1STA# 
Serial 1 status 
D9H 
SC4 
0 
F8H 


DF 
D8 


SICON#' 
Serial 1 control 
D8H 
CR2 
CRO 
OOH 


STE# 
Set enable 
EEH 
TG47 
SP40 
COH 


TH1 
Timer high 1 
8DH 
OOH 
THO 
Timer high 0 
8CH 
OOH 
TL1 
Timer low 1 
8BH 
OOH 
TLO 
Timer low 0 
8AH 
OOH 
TMH2# 
Timer high 2 
EDH 
OOH 
TML2# 
Timer low 2 
ECH 
OOH 


TMOD 
Timer mode 
89H 
GATE 
MO 
OOH 


8F 
88 


TCON" 
Timer control 
88H 
TF1 
ITO 
OOH 


TM2CON# 
Timer 2 control 
EAH 
T21S1 
T2MSO 
OOH 


CF 
C8 


TM2IR#' 
Timer 2 int flag reg 
C8H 
T20V 
CTIO 
OOH 


T3# 
Timer 3 
FFH 
OOH 
. SFRs are bit addressable . 
# 
SFRs are modified from or added to the 80C51 SFRs. 


BIT 


IEN1.7 
IEN1.6 
IEN1.5 
IEN1.4 


IEN1.3 
IEN1.2 
IEN1.1 
IEN1.0 


SYMBOL 


ET2 
ECM2 
ECM1 
ECMO 
ECT3 
ECT2 
ECT1 
ECTO 


FUNCTION 


Enable Timer T2 overflow interrupt(s) 
Enable T2 Comparator 2 interrupt 
Enable T2 Comparator 1 interrupt 
Enable T2 Comparator 0 interrupt 
Enable T2 Capture register 3 interrupt 
Enable T2 Capture register 2 interrupt 
Enable T2 Capture register 1 interrupt 
Enable T2 Capture register 0 interrupt 


BIT 
TM2CON.7 
TM2CON.6 
TM2CON.5 


TM2CON.4 
TM2CON.3 
TM2CON.2 


TM2CON.l 
TM2CON.0 


SYMBOL 
TSISl 
T21S0 
T2ER 


FUNCTION 
TImer T2 16-bit overflow interrupt select 
Timer T2 byte overflow interrupt select 
TImer T2 extemal reset enable. When this bit is set, 
TImer T2 may be reset by a rising edge on RT2 (Pl.5). 
TImer T2 byte overflow interrupt flag 
T2BO 


T2Pl 
} 
T2PO 


T2Pl 
T2PO 
TImer T2 Clock 


0 
0 
Clock source 
0 
1 
Clock source/2 
1 
0 
Clock source/4 
1 
1 
Clock source/8 


T2MS1} 
T2MSO 


T2MSl 
T2MSO 
Mode Selected 


0 
0 
TImer T2 halted (off) 
0 
1 
T2 clock source = foscl12 
1 
0 
Test mode; do not use 


1 
1 
T2 clock source = pin T2 


Timer T2 Extension: 
When a 12MHz oscillator is used, a 16-bit 


overflow on TImer T2 occurs every 65.5,131,262, 
or 524 ms, 
depending on the prescaler division ratio; I.e., the maximum cycle 
time is approximately 0.5 seconds. In applications where cycle times 
are greater than 0.5 seconds, it is necessary to extend Timer T2. 
This is achieved by selecting foscl12 as the clock source (set 
T2MSO, reset T2MS1), selting the prescaler division ration to 1/8 
(set T2PO, set T2Pl), 
disabling the byte overflow interrupt (reset 
T21S0) and enabling the 16-bit overflow interrupt (set T2IS1). The 
following software routine is written for a three-byte extension which 
gives a maximum cycle time of approximately 2400 hours. 


OVINT: 
PUSH 
PUSH 
INC 


MOV 
JNZ 


INC 
MOV 
JNZ 
INC 


INTEX: 
CLR 
POP 
POP 
RETI 


ACC 
PSW 
TIMEXl 


Timer T2, Capture and Compare 
Logic: 
TImer T2 is connected to 


four 16-bit capture registers and three 16-bit compare registers. A 
capture register may be used to capture the contents of TImer T2 
when a transition occurs on its corresponding 
input pin. A compare 


register may be used to set, reset, or toggle port 4 output pins at 
certain pre-programmable 
time intervals. 


The combination of TImer T2 and the capture and compare logic is 
very powerful in applications involving rotating machinery, 
automotive injection systems, etc. TImer T2 and the capture and 
compare logic are shown in Figure 4. 


Capture 
Logic: The four 16-bit capture registers that TImer T2 is 
connected to are: CTO, CT1, CT2, and CT3. These registers are 
loaded with the contents of TImer T2, and an interrupt is requested 
upon receipt of the input signals CTOI, CT11, CT21, or CT31. These 
input signals are shared with port 1. The four interrupt flags are in 
the TImer T2 interrupt register (TM2IR special function register). If 
the capture facility is not required, these inputs can be regarded as 
additional extemal interrupt inputs. 


Using the capture control register CTCON (see Figure 5), these 
inputs may capture on a rising edge, a falling edge, or on either a 
rising or falling edge. The inputs are sampled during Sl P1 of each 
cycle. When a selected edge is detected, the contents of TImer T2 
are captured at the end of the cycle. 


;save accumulator 
;save status 
;increment first byte (low order) 
;of extended timer 


A,TIMEX1 
INTEX 
;jump to INTEX if ;there is no overflow 


TIMEX2 
;increment second byte 


A,TIMEX2 
INTEX 
;jump to INTEX if there is no overflow 


TIMEX3 
;increment third byte (high order) 


T20V 
PSW 
ACC 


;reset interrupt flag 
;restore status 
;restore accumulator 
;return from interrupt 


off 


105C 


T2 


RT2 
t 
T2ER 


External 
reset 


enable 


S 
R 


S 
R 


S 
R 


S 
R 


S 
R 


S 
R 


TG 
T 


TG 
T 


STE 
RTE 


P4.0 


P4.1 


P4.2 
1/0 port 4 
P4.3 


P4.4 


P4.5 


P4.6 


P4.7 


8-bit overflow 
interrupt 


16-bit overflow interrupt 


s 
se' 


R 
reset 


T 
toggle 


TG 
= 
toggle 
status 


Measuring 
Time Intervals 
Using Capture 
Registers: 
When a 


recurring external event is represented in the form of rising or falling 
edges on one of the four capture pins, the time between two events 
can be measured using Timer T2 and a capture register. When an 
event occurs, the contents of Timer T2 are copied into the relevant 
capture register and an interrupt request is generated. The interrupt 
service routine may then compute the interval time if it knows the 
previous contents of Timer T2 when the last event occurred. With a 
12MHz oscillator, Timer T2 can be programmed to overflow every 
524ms. When event interval times are shorter than this, computing 
the interval time is simple, and the interrupt service routine is short. 
For longer interval times, the Timer T2 extension routine may be 
used. 


Compare 
Logic: 
Each time Timer T2 is incremented, the contents 


of the three 16-bit compare registers CMO, CM1, and CM2 are 
compared with the new counter value of Timer T2. When a match is 
found, the corresponding interrupt flag in TM21R is set at the end of 
the following cycle. When a match with CMO occurs, the controller 
sets bits 0-5 of port 4 if the corresponding bits of the set enable 
register 5TE are at logic 1. 


When a match with CM1 occurs, the controller resets bits 0-5 of port 
4 if the corresponding bits of the reset/toggle enable register RTE 
are at logic 1 (see Figure 6 for RTE register function). If RTE is "0", 
then P4.n is not affected by a match between CM1 or CM2 and 
Timer 2. When a match with CM2 occurs, the controller "toggles" 
bits 6 and 7 of port 4 if the corresponding 
bits of the RTE are at 
logic 1. The port latches of bits 6 and 7 are not toggled. 


Two additional flip-flops store the last operation, and it is these 
flip-flops that are toggled. 


Thus, if the current operation is "set; the next operation will be 
"reset" even if the port latch is reset by software before the "reset" 
operation occurs. The first "toggle" after a chip RE5ET will set the 
port latch. The contents of these two flip-flops can be read at 5TE.6 
and 5TE.7 (corresponding to P4.6 and P4.7, respectively). Bits 
5TE.6 and 5TE.7 are read only (see Figure 7 for 5TE register 
function). A logic 1 indicates that the next toggle will set the port 
latch; a logic 0 indicates that the next toggle will reset the port latch. 
CMO, CM1 , and CM2 are reset by the R5T signal. 


The modified port latch information appears at the port pin during 
55P1 of the cycle following the cycle in which a match occurred. If 
the port is modified by software, the outputs change during 51 P1 of 
the following cycle. Each port 4 bit can be set or reset by software at 
any time. A hardware modification reSUlting from a comparator 
match takes precedence over a software modification in the same 
cycle. When the comparator results require a "set" and a "reset" at 
the same time, the port latch will be reset. 


Timer T2 Interrupt 
Flag Register 
TM2IR: Eight of the nine Timer 


T2 interrupt flags are located in special function register TM21R (see 
Figure B). The ninth flag is TM2CON.4. 


The CTOI and cnl 
flags are set during 54 of the cycle in which the 
contents of Timer T2 are captured. CTOI is scanned by the interrupt 
logic during 52, and CT11 is scanned during 53. CT21 and CT31 are 
set during 56 and are scanned during 84 and 85. The associated 


The 16-bit overflow flag (T20V) and the byte overflow flag (T2BO) 
are set during S6 of the cycle in which the overflow occurs. These 
flags are recognized by the interrupt logic during the next cycle. 


Special function register IP1 (Figure 8) is used to determine the 
Timer T2 interrupt priority. Setting a bit high gives that function a 
high priority, and setting a bit low gives the function a low priority. 
The functions controlled by the various bits of the IP1 register are 
shown in Figure 8. 


interrupt requests are recognized during the following cycle. If these 
flags are polled, a transition at CTOI or CT11 will be recognized one 
cycle before a transition on CT21 or CT31 since registers are read 
during S5. The CMIO, CMI1, and CMI2 flags are set during S6 of the 
cycle following a match. CMIO is scanned by the interrupt logic 
during S2; CMI1 and CMI2 are scanned during 53 and S4. A match 
will be recognized by the interrupt logic (or by polling the flags) two 
cycles after the match takes place. 


(MSB) 


BIT 


CTCON.7 
CTCON.6 
CTCON.5 
CTCON.4 
CTCON.3 
CTCON.2 
CTCON.1 
CTCON.O 


CAPTUREIINTERRUPT 
ON: 


Capture Register 3 triggered by a falling edge on CT31 
Capture Register 3 triggered by a rising edge on CT31 
Capture Register 2 triggered by a falling edge on CT21 
Capture Register 2 triggered by a rising edge on CT21 
Capture Register 1 triggered by a falling edge on CT11 
Capture Register 1 triggered by a rising edge on CT11 
Capture Register 0 triggered by a falling edge on CTOI 
Capture Register 0 triggered by a rising edge on CTOI 


SYMBOL 


CTN3 
CTP3 
CTN2 
CTP2 
CTN1 
CTP1 
CTNO 
CTPO 


SYMBOL 


TP47 
TP46 
RP45 
RP44 
RP43 
RP42 
RP41 
RP40 


FUNCTION 


If "1" then P4.7 toggles on a match between CM2 and Timer T2 
If "1" then P4.6 toggles on a match between CM2 and Timer T2 
If "1" then P4.5 is reset on a match between CM2 and Timer T2 
If "1" then P4.4 is reset on a match between CM2 and Timer T2 
If "1" then P4.3 is reset on a match between CM2 and Timer T2 
If "1" then P4.2 is reset on a match between CM2 and Timer T2 
If "1" then P4.1 is reset on a match between CM2 and Timer T2 
If "1" then P4.0 is reset on a match between CM2 and Timer T2 


RTE.7 
RTE.6 
RTE.5 
RTE.4 


RTE.3 
RTE.2 
RTE.1 
RTE.O 


STE.7 
STE.6 
STE.5 
STE.4 
STE.3 
STE.2 
STE.1 
STE.O 


TG47 
TG46 
SP45 
SP44 
SP43 
SP42 
SP41 
SP40 


Toggle flip-flops 
Toggle flip-flops 
If "1" then P4.5 is set on a match between CMO and Timer T2 
If "1" then P4.4 is set on a match between CM2 and Timer T2 
If "1" then P4.3 is set on a match between CM2 and Timer T2 
If "1" then P4.2 is set on a match between CM2 and Timer T2 
If "1" then P4.1 is set on a match between CM2 and Timer T2 
If "1" then P4.0 is set on a match between CM2 and Timer T2 


TM21R7 
TM2IR.6 
TM21R5 
TM2IR.4 


TM21R3 
TM21R2 
TM21R1 
TM21RO 


SYMBOL 


T20V 
CMI2 
CMl1 
CMIO 
CTI3 
CTI2 
CTl1 
CTIO 


FUNCTION 


Timer T2 16-bit overflow interrupt flag 
CM2 interruptflag 
CM1 interrupt flag 
CMO interrupt flag 
CT3 interrupt flag 
CT2 interrupt flag 
CT1 interrupt flag 
CTO interrupt flag 


Interrupt 
Flag Register 
(TM2IR) 


SYMBOL 


PT2 
PCM2 
PCM1 
PCMO 
PCT3 
PCT2 
PCT1 
PCTO 


FUNCTION 


Timer T2 overflow interrupt(s) priority level 
Timer T2 comparator 2 interrupt priority level 
Timer T2 comparator 1 interrupt priority level 
Timer T2 comparator 0 interrupt priority level 
Timer T2 capture register 3 interrupt priority level 
Timer T2 capture register 2 interrupt priority level 
Timer T2 capture register 1 interrupt priority level 
Timer T2 capture register 0 interrupt priority level 


Timer T3, The Watchdog 
Timer 
In addition to Timer T2 and the standard timers, a watchdog timer is 
also incorporated on the 8XC552. The purpose of a watchdog timer 
is to reset the microcontroller 
if it enters erroneous processor states 


(possibly caused by electrical noise or RFI) within a reasonable 
period of time. An analogy is the "dead man's handle" in railway 
locomotives. When enabled, the watchdog circuitry will generate a 
system reset if the user program fails to reload the watchdog timer 
within a specified length of time known as the "watchdog interval." 


Watchdog 
Circuit 
Description: 
The watchdog timer (Timer T3) 


consists of an 8-bit timer with an 11-bit prescaler as shown in Figure 
9. The prescaler is fed with a signal whose frequency is 1/12 the 
oscillator frequency (1MHz with a 12MHz oscillator). The 8-bit timer 
is incremented every "t" seconds, where: 


t = 12 x 2048 x l/fose 
(= 1.5ms at lose = 16MHz; = 1ms at fose = 24MHz) 


If the 8-bit timer overflows, a short internal reset pulse is generated 
which will reset the 8XC552. A short output reset pulse is also 
generated at the RST pin. This short output pulse (3 machine 
cycles) may be destroyed if the RST pin is connected to a capacitor. 
This would not, however, affect the internal reset operation. 


Watchdog operation is activated when external pin EW is tied low. 
When EW is tied low, it is impossible to disable the watchdog 
operation by software. 


How to Operate the Watchdog 
Timer: The watchdog timer has to 


be reloaded within periods that are shorter than the programmed 
watchdog interval; otherwise the watchdog timer will overflow and a 
system reset will be generated. The user program must therefore 
continually execute sections of code which reload the watchdog 
timer. The period of time elapsed between execution of these 
sections of code must never exceed the watchdog interval. When 
using a 16MHz oscillator, the watchdog interval is programmable 
between 1.5ms and 392ms. When using a 24MHz oscillator, the 
watchdog interval is programmable between 1ms and 255ms. 


In order to prepare software lor watchdog operation, a programmer 
should first determine how long his system can sustain an 
erroneous processor state. The result will be the maximum 
watchdog interval. As the maximum watchdog interval becomes 
shorter, it becomes more difficult for the programmer to ensure that 
the user program always reloads the watchdog timer within the 
watchdog interval, and thus it becomes more difficult to implement 
watchdog operation. 


The programmer must now partition the software in such a way that 
reloading of the watchdog is carried out in accordance with the above 
requirements. The programmer must determine the execution times 
of all software modules. The effect of possible conditional branches, 
subroutines, 
external 
and internal 
interrupts 
must all be taken 
into 
account. Since it may be very difficult to evaluate the execution 
times of some sections of code, the programmer should use worst 
case estimations. In any event, the programmer must make sure 
that the watchdog is not activated during normal operation. 


The watchdog timer is reloaded in two stages in order to prevent 
erroneous software from reloading the watchdog. First PCON.4 
(WLE) must be set. The T3 may be loaded. When T3 is loaded, 
PCON.4 (WLE) is automatically reset. T3 cannot be loaded if 
PCON.4 (WLE) is reset. Reload code may be put in a subroutine as 
~ is called frequently. Since Timer T3 is an up-counter, a reload 
value of OOHgives the maximum watchdog interval (51Oms with a 
12MHz oscillator), and a reload value of OFFH gives the minimum 
watchdog interval (2ms with a 12MHz oscillator). 


In the idle mode, the watchdog circuitry remains active. When 
watchdog operation is implemented, the power-down mode cannot 
be used since both states are contradictory. Thus, when watchdog 
operation is enabled by tying external pin EW low, it is impossible to 
enter the power-down mode, and an attempt to set the power-down 
bit (PCON.1) will have no effect. PCON.1 will remain at logic O. 


During the early stages of software development/debugging, 
the 
watchdog may be disabled by tying the EW pin high. At a later 
stage, EW may be tied low to complete the debugging process. 


Watchdog 
Software 
Example: 
The following example shows how 
watchdog operation might be handled in a user program. 


;at the program start: 


T3 
EQU 
OFFH ;address of watchdog timer T3 
PCON 
EQU 
OB7H ;address of PCON SFR 
WATCH-INTV 
EQU 
156 
;watchdog interval (e.g., 2x100ms) 


;to be inserted at each watchdog reload location within 
;the user program: 


LCALL WATCHDOG 


;watchdog service routine: 


WATCHDOG: 
ORL 
PCON,#10H 
;set condition flag (PCON.4) 
MOV T3,WATCH·INV 
;Ioad T3 with watchdog interval 
RET 


If it is possible for this subroutine to be called in an erroneous state, 
then the condition flag WLE should be set at different parts of the 
main program. 


Serial tlO 
The BXC552 is equipped with two independent serial ports: SIOO 
and S101. SIOO is a full duplex UART port and is identical to the 
BOC51 serial port. SI01 accommodates 
the 12Cbus. 


SIOO: SIOO is a full duplex serial 1/0 port identical to that on the 
BOC51. Its operation is the same, including the use of timer 1 as a 
baud rate generator. 


5101, 12CSerial tlO: The 12Cbus uses two wires (SDA and SCL) to 
transfer information between devices connected to the bus. The 
main features of the bus are: 
- 
Bidirectional data transfer between masters and slaves 


- 
Multimaster bus (no central master) 


- Arbitration between simultaneously transmitting masters without 


corruption of serial data on the bus 


- Serial clock synchronization 
allows devices with different bit rates 
to communicate via one serial bus 


- Serial clock synchronization 
can be used as a handshake 


mechanism to suspend and resume serial transfer 


- The 12Cbus may be used for test and diagnostic purposes 


The output latches of P1.6 and P1.7 must be set to logic 1 in order 
to enable S101. 


The BXC552 on-chip 12Clogic provides a serial interface that meets 
the 12Cbus specification and supports all transfer modes (other than 
the low-speed mode) from and to the 12Cbus. The SIOl 
logic 


handles bytes transfer autonomously. It also keeps track of serial 
transfers, and a status register (Sl STA) reflects the status of 5101 
and the 12Cbus. 


The CPU interfaces to the 12Clogic via the following four special 
function registers: SlCON 
(Sial 
control register), SlSTA 
(Sial 


status register), Sl DAT (Sial 
data register), and Sl ADR (Sial 
slave address register). The Sial 
logic interfaces to the external 12C 


bus via two port 1 pins: Pl.61SCL (serial clock line) and Pl.7/SDA 
(serial data line). 


A typical 12Cbus configuration is shown in Figure 10, and Figure 11 
shows how a data transfer is accomplished on the bus. Depending 
on the state of the direction bit (RIW), two types of data transfers are 
possible on the 12Cbus: 
1. Data transfer from a master transmitter to a slave receiver. The 


first byte transmitted by the master is the slave address. Next 
follows a number of data bytes. The slave returns an 
acknowledge bit after each received byte. 


2. 
Data transfer from a slave transmitter to a master receiver. The 
first byte (the slave address) is transmitted by the master. The 
slave then returns an acknowledge bit. Next follows the data 
bytes transmitted by the slave to the master. The master retums 
an acknowledge bit after all received bytes other than the last 
byte. At the end of the last received byte, a "not acknowledge" is 
retumed. 


The master device generates all of the serial clock pulses and the 
START and STOP conditions. A transfer is ended with a STOP 
condition or with a repeated START condition. Since a repeated 
START condition is also the beginning of the next serial transfer, the 
12Cbus will not be released. 


Modes of Operation: 
The on-chip Sial 
logic may operate in the 
following four modes: 


1. Master Transmitter Mode: 


Serial data output through Pl.7/SDA 
while Pl.6/SCL 
outputs the 


serial clock. The first byte transmitted contains the slave address 
of the receiving device (7 bits) and the data direction bit. In this 
case the data direction bit (RIW) will be logic 0, and we say that 
a W is transmitted. Thus the first byte transmitted is SLA+W. 
Serial data is transmitted a bits at a time. After each byte is 
transmitted, an acknowledge bit is received. START and STOP 
conditions are output to indicate the beginning and the end of a 
serial transfer. 


2. 
Master Receiver Mode: 


The first byte transmitted contains the slave address of the 
transmitting device (7 bits) and the data direction bit. In this case 
the data direction bit (RIW) will be logic 1, and we say that an "R" 
is transmitted. Thus the first byte transmitted is SLA+R. Serial 
data is received via Pl.7/SDA 
while Pl.6/SCL 
outputs the serial 


clock. Serial data is received a bits at a time. After each byte is 
received, an acknowledge 
bit is transmitted. START and STOP 


conditions are output to indicate the beginning and end of a 
serial transfer. 


3. 
Slave Receiver Mode: 


Serial data and the serial clock are received through Pl.7/SDA 
and Pl.6/SCL. 
After each byte is received, an acknowledge bit is 


transmitted. START and STOP conditions are recognized as the 
beginning and end of a serial transfer. Address recognition is 
performed by hardware after reception of the slave address and 
direction bit. 


4. 
Slave Transmitter Mode: 


The first byte is received and handled as in the slave receiver 
mode. However, in this mode, the direction bit will indicate that 
the transfer direction is reversed. Serial data is transmitted via 
Pl.7/SDA 
while the serial clock is input through Pl.61SCL. 


START and STOP conditions are recognized as the beginning 
and end of a serial transfer. 


In a given application, Sial 
may operate as a master and as a 
slave. In the slave mode, the Sial 
hardware looks for its own slave 
address and the general call address. If one of these addresses is 
detected, an interrupt is requested. When the microcontroller 
wishes 
to become the bus master, the hardware waits until the bus is free 
before the master mode is entered so that a possible slave action is 
not interrupted. If bus arbitration is lost in the master mode, SIOl 
switches to the slave mode immediately and can detect its own 
slave address in the same serial transfer. 


5101 Implementation 
and Operation: 
Figure 12 shows how the 


on-chip 12Cbus interface is implemented, and the following text 
describes the individual blocks. 


INPUTFILTERSANDOUTPUTSTAGES 
The input filters have 12Ccompatible input levels. If the input voltage 
is less than 1.5V, the input logic level is interpreted as 0; if the input 
voltage is greater than 3.0V, the input logic level is interpreted as 1. 
Input signals are synchronized with the intemal clock (fosc!4), and 
spikes shorter than three oscillator periods are filtered out. 


The output stages consist of open drain transistors that can sink 
3mA at VOUT< 0.4V. These open drain outputs do not have 
clamping diodes to VDD. Thus, if the device is connected to the 12C 
bus and VDD is switched off, the 12Cbus is not affected. 


ADDRESSREGISTER.S1ADR 
This a-bit special function register may be loaded with the 7-bit slave 
address (7 most significant bits) to which SIOl 
will respond when 
programmed as a slave transmitter or receiver. The LSB (GC) is 
used to enable general call address (OOH)recognition. 


COMPARATOR 
The comparator compares the received 7-bit slave address with its 
own slave address (7 most significant bits in Sl ADR). It also 
compares the first received a-bit byte with the general call address 
(OOH).If an equality is found, the appropriate status bits are set and 
an interrupt is requested. 


SHIFTREGISTER,S,DAT 
This a-bit special function register contains a byte of serial data to 
be transmitted or a byte which has just been received. Data in 
Sl DAT is always shifted from right to left; the first bit to be 
transmitted is the MSB (bit 7) and, after a byte has been received, 
the first bit of received data is located at the MSB of SlOAT. While 
data is being shifted out, data on the bus is simultaneously 
being 


shifted in; Sl DAT always contains the last byte present on the bus. 
Thus, in the event of lost arbitration, the transition from master 
transmitter to slave receiver is made with the correct data in Sl DAT. 
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1. Another device transmits identical serial data. 


2. Another device overrules a logic 1 (dotted line) transmitted by SI01 (master) by pulling the SDA line low. Arbitration is 


lost, and SI01 enters the slave receiver mode. 
3. SI01 is in the slave receiver mode but still generates clock pulses until the current by1e has been transmitted. SI01 will 


not generate clock pulses for the next by1e. Data on SDA originates from the new master once it has won arbitration. 
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1. Another service pulls the SCL line low before the SI01 "mark" duration is complete. The serial clock generator is immediately 
reset and commences with the "space" duration by pulling SCL low. 


2. Another device still pulls the SCL line low after SI01 releases SCL. The serial clock generator is forced into the wait state 


until the SCL line is released. 


3. The SCL line is released, and the serial clock generator commences with the mark duration. 


ARBITRATION 
ANDSYNCHRONIZATION 
LOGIC 


In the master transmitter mode, the arbitration logic checks that 
every transmitted logic 1 actually appears as a logic 1 on the 12C 
bus. If another device on the bus overrules a logic 1 and pulls the 
SDA line low, arbitration is lost, and SI01 immediately changes from 
master transmitter to slave receiver. SI01 will continue to output 
clock pulses (on SCL) until transmission of the current serial by1e is 
complete. 


Arbitration may also be lost in the master receiver mode. Loss of 
arbitration in this mode can only occur while SI01 is retuming a "not 
acknowledge: 
(logic 1) to the bus. Arbitration is lost when another 
device on the bus pulls this signal LOW. Since this can occur Dnly at 
the end of a serial by1e, SI01 generates no further clock pulses. 
Figure 13 shows the arbitration procedure. 


The synchronization 
logic will synchronize the serial clock generator 
with the clock pulses on the SCL line from another device. If two or 
more master devices generate clock pulses, the "mark" duration is 


determined by the device that generates the shortest "marks," and 
the "space" duration is determined by the device that generates the 
longest "spaces." Figure 14 shows the synchronization 
procedure. 


A slave may stretch the space duration to slow down the bus 
master. The space duration may also be stretched for handshaking 
purposes. This can be done after each bit or after a complete by1e 
transfer. SI01 will stretch the SCL space duration after a by1e has 
been transmitted or received and the acknowledge 
bit has been 


transferred. The serial interrupt flag (SI) is set, and the stretching 
continues until the serial interrupt flag is cleared. 


SERIALCLOCKGENERATOR 
This programmable clock pulse generator provides the SCL clock 
pulses 
when 
SI01 
is in the master 
transmitter 
or master 
receiver 


mode. It is switched off when SI01 is in a slave mode. The 
programmable output clock frequencies are: fosd120, 
fosd9600, 


and the Timer 1 overtlow rate divided by eight. The output clock 


pulses have a 50% duty cycle unless the clock generator is 
synchronized with other SCl clock sources as desclibed above. 


TIMING 
AND 
CONTROL 


The timing and control logic generates the timing and control signals 
for serial byte handling. This logic block provides the shift pulses for 
S1DAT, enables the comparator, generates and detects start and 
stop conditions, receives and transmits acknowledge bits, controls 
the master and slave modes, contains interrupt request logic, and 
monitors the 12Cbus status. 


CONTROL 
REGISTER. 
SICON 
This 7-bit special function register is used by the microcontroller to 
control the following SI01 functions: start and restart of a selial 
transfer, termination of a serial transfer, bit rate, address recognition, 
and acknowledgment. 


STATUS 
DECODER 
AND 
STATUS 
REGISTER 


The status decoder takes all of the internal status bits and 
compresses them into a 5-bit code. This code is unique for each 12C 
bus status. The 5-bit code may be used to generate vector 
addresses for fast processing of the valious service routines. Each 
service routine processes a particular bus status. There are 26 
possible bus states if all four modes of SI01 are used. The 5-bit 
status code is latched into the five most significant bits of the status 
register when the selial interrupt flag is set (by hardware) and 
remains stable until the interrupt flag is cleared by software. The 
three least significant bits of the status register are always zero. If 
the status code is used as a vector to service routines, then the 
routines are displaced by eight address locations. Eight bytes of 
code is sufficient for most of the service routines (see the software 
example in this section). 


The Four 5101 Special 
Function 
Registers: 
The microcontroller 
interfaces to SI01 via four special function registers. These four 
SFRs (S1ADR, SWAT, S1CON, and S1STA) are described 
individually in the following sections. 


The Address 
Register, 
51 ADR: The CPU can read from and wlite 


to this B-bit, directly addressable SFR. S1ADR is not affected by the 
SI01 hardware. The contents of this register are irrelevant when 
SI01 is in a master mode. In the slave modes, the seven most 
significant bits must be loaded with the microcontroller's 
own slave 
address, and, if the least significant bit is set, the general call 
address (OOH)is recognized; otherwise it is ignored. 


7 
6 


SIAoR 
(oBH) I 
x 
I 
x 
I 


The most significant bit corresponds to the first bit received from the 
12Cbus after a start condition. A logic 1 in S1ADR corresponds to a 
high level on the 12Cbus, and a logic 0 corresponds to a low level 
on the bus. 


The Data Register, 51 OAT: S1DAT contains a byte of serial data to 
be transmitted or a byte which has just been received. The CPU can 
read from and wlite to this B-bit, directly addressable SFR while it is 
not in the process of shifting a byte. This occurs when SI01 is in a 
defined state and the selial interrupt flag is set. Data in S1 OAT 
remains stable as long as 51 is set. Data in S1DAT is always shifted 
from light to left: the first bit to be transmitted is the MSB (bit 7), and, 
after a byte has been received, the first bit of received data is 
located at the MSB of S1OAT.While data is being shifted out, data 
on the bus is simultaneously 
being shifted in; S1OAT always 


contains the last data byte present on the bus. Thus, in the event of 
lost arbitration, the transition from master transmitter to slave 
receiver is made with thB correct data in S1OAT. 


7 


SlOAT 
(oAH) I 
SD7 
SOS 
SoS I 
SD4 I SD3 
SO. 
SOl I soo 


shift direction 


x 
x 
I 
x 
1__ 
x 
x~1GCl 


own sIeve address 
I 


S07-S00: 


Eight bits to be transmitted or just received. A logic 1 in S1OAT 
corresponds to a high level on the 12Cbus, and a logic 0 
corresponds to a low level on the bus. Selial data shifts through 
S10ATfrom 
rightto left. Figure 15 shows how data in S10AT is 


selially transferred to and from the SOA line. 


51 OAT and the ACK flag form a 9-bit shift register which shifts in or 
shifts out an B-bit byte, followed by an acknowledge 
bit. The ACK 


flag is controlled by the SI01 hardware and cannot be accessed by 
the CPU. Selial data is shifted through the ACK flag into S1OAT on 
the rising edges of serial clock pulses on the SCl line. When a byte 
has been shifted into S1OAT,the serial data is available in S1OAT, 
and the acknowledge bit is returned by the control logic duling the 
ninth clock pulse. Selial data is shifted out from S1OAT via a buffer 
(BS07) on the falling edges of clock pulses on the SCl line. 


When the CPU writes to S1OAT, BS07 is loaded with the content of 
S1 DAT.7, which is the first bit to be transmitted to the SOA line (see 
Figure 16). After nine selial clock pulses, the eight bits in S1 DAT will 
have been transmitted to the SOA line, and the acknowledge bit will 
be present in ACK. Note that the eight transmitted bits are shifted 
back into S1OAT. 


The Control 
Register, S1CON: The CPU can read from and write 


to this B-bit, directly addressable SFR. Two bits are affected by the 
SI01 hardware: the SI bit is set when a serial interrupt is requested, 
and the STO bit is cleared when a STOP condition is present on the 
12Cbus. The STO bit is also cleared when ENS1 = "a". 


7654321 


SlCON(D8HlI CR' I 
ENSl I STA I 
STO I Sl I AA I CRl 
CRO 


ENS1, THESIOl ENABLEBIT 
ENS1 = "0": When ENS1 is "0", the SDA and SCL outputs are in a 
high impedance state. SDA and SCL input signals are ignored, SI01 
is in the "not addressed" slave state, and the STO bit in S1CON is 
forced to "0". No other bits are affected. P1.6 and P1.? may be used 
as open drain 1/0 ports. 


ENS1 = "1": When ENS1 is "1", SI01 is enabled. The P1.6 and P1.? 
port latches must be set to logic 1. 


ENS1 should not be used to temporarily release SI01 from the 12C 
bus since, when ENS1 is reset, the 12Cbus status is lost. The AA 
flag should be used instead (see description of the AA flag in the 
following text). 


In the following text, it is assumed that ENS1 = "1". 


STA. THESTART FLAG 
STA = "1": When the STA bit is set to enter a master mode, the SI01 
hardware checks the status of the 12Cbus and generates a START 
condition if the bus is free. If the bus is not free, then SI01 waits for 
a STOP condition (which will free the bus) and generates a START 
condition after a delay of a half clock period of the internal serial 
clock generator. 


If STA is set while SI01 is already in a master mode and one or 
more bytes are transmitted or received, SI01 transmits a repeated 
START condition. STA may be set at any time. STA may also be set 
when SI01 is an addressed slave. 


STA = "0": When the STA bit is reset, no START condition or 
repeated START condition will be generated. 


STO. THESTOP FLAG 
STO = "1": When the STO bit is set while SI01 is in a master mode, 
a STOP condition is transmitted to the 12Cbus. When the STOP 
condition is detected on the bus, the SI01 hardware clears the STO 
flag. In a slave mode, the STO flag may be set to recover from an 
error condition. In this case, no STOP condition is transmitted to the 
12Cbus. However, the SI01 hardware behaves as if a STOP 
condition has been received and switches to the defined "not 
addressed" slave receiver mode. The STO flag is automatically 
cleared by hardware. 


If the STA and STO bits are both set, the a STOP condition is 
transmitted to the 12Cbus if SI01 is in a master mode (in a slave 
mode, SI01 generates an internal STOP condition which is not 
transmitted). SI01 then transmits a START condition. 


STO = "0": When the STO bit is reset, no STOP condition will be 
generated. 


SI. THESERIALINTERRUPTFLAG 
SI = "1": When the SI flag is set, then, if the EA and ES1 (interrupt 
enable register) bits are also set, a serial interrupt is requested. SI is 
set by hardware when one of 25 of the 26 possible SI01 states is 


entered. The only state that does not cause SI to be set is state 
FBH, which indicates that no relevant state information is available. 


While SI is set, the low period of the serial clock on the SCL line is 
stretched, and the serial transfer is suspended. A high level on the 
SCL line is unaffected by the serial interrupt flag. SI must be reset 
by software. 


SI = "0": When the SI flag is reset, no serial interrupt is requested, 
and there is no stretching of the serial clock on the SCL line. 


AA. THEASSERTACKNOWLEDGE 
FLAG 


AA = "1": If the AA flag is set, an acknowledge 
(low level to SDA) will 


be returned during the acknowledge clock pulse on the SCL line 
when: 
- The "own slave address" has been received 


- The general call address has been received while the general call 
bit (GC) in S1ADR is set 


- A data byte has been received while SI01 is in the master 


receiver mode 


- A data byte has been received while SI01 is in the addressed 
slave receiver mode 


AA = "0": if the AA flag is reset, a not acknowledge 
(high level to 


SDA) will be retumed during the acknowledge 
clock pulse on SCL 
when: 
- A data has been received while SI01 is in the master receiver 
mode 


- A data byte has been received while SI01 is in the addressed 


slave receiver mode 


When SI01 is in the addressed slave transmitter mode, state CBH 
will be entered after the last serial is transmitted (see Figure 20). 
When SI is cleared, SI01 leaves state CBH, enters the not 
addressed slave receiver mode, and the SDA line remains at a high 
level. In state CBH, the AA flag can be set again for tuture address 
recognition. 


When SI01 is in the not addressed slave mode, its own slave 
address and the general call address are ignored. Consequently, no 
acknowledge is returned, and a serial interrupt is not requested. 
Thus, SI01 can be temporarily released from the 12Cbus while the 
bus status is monitored. While SI01 is released from the bus, 
START and STOP conditions are detected, and serial data is shifted 
in. Address recognition can be resumed at any time by setting the 
AA flag. If the AA flag is set when the part's own slave address or 
the general call address has been partly received, the address will 
be recognized at the end of the byte transmission. 


CRo. CR1, ANOCR2. THECLOCKRATEBITS 
These three bits determine the serial clock frequency when SI01 is 
in a master mode. The various serial rates are shown in Table 2. 


A 12.5kHz bit rate may be used by devices that interlace to the 12C 
bus via standard 1/0 port lines which are software driven and slow. 
100kHz is usually the maximum bit rate and can be derived from a 
16MHz, 12MHz, or a 6MHz oscillator. A variable bit rate (O.5kHz to 
62.5kHz) may also be used if Timer 1 is not required for any other 
purpose while SI01 is in a master mode. 


The frequencies shown in Table 2 are unimportant when SI01 is in a 
slave mode. In the slave modes, SI01 will automatically synchronize 
with any clock frequency up to 100kHz. 


The Status Register, 
SlSTA: 
S1STA is an 8-bit read-only special 


function register. The three least significant bits are always zero. 
The five most significant bits contain the status code. There are 26 
possible status codes. When S1STA contains F8H, no relevant state 
information is available and no serial interrupt is requested. All other 
S1STA values correspond to defined SI01 states. When each of 
these states is entered, a serial interrupt is requested (SI = "1"). A 
valid status code is present in S1STA one machine cycle after SI is 
set by hardware and is still present one machine cycle after SI has 
been reset by software. 


More Information 
on SIOl Operating 
Modes: The four operating 


modes are: 
- 
Master Transmitter 


- Master Receiver 


- Slave Receiver 


- Slave Transmitter 


Data transfers in each mode of operation are shown in Figures 
17-37. These figures contain the following abbreviations: 


Abbreviation 
Explanation 


S 
Start condition 
SLA 
7-bit slave address 
R 
Read bit (high level at SDA) 
W 
Write bit (low level at SDA) 
A 
Acknowledge bit (low level at SDA) 
II; 
Not acknowledge bit (high level at SDA) 
Data 
8-bit data byte 
P 
Stop condition 


In Figures 17-37, circles are used to indicate when the serial 
interrupt flag is set. The numbers in the circles show the status code 
held in the S1STA register. At these points, a service routine must 
be executed to continue or complete the serial transfer. These 
service routines are not critical since the serial transfer is suspended 
until the serial interrupt flag is cleared by software. 


When a serial interrupt routine is entered, the status code in S1STA 
is used to branch to the appropriate service routine. For each status 


code, the required software action and details of the following serial 
transfer are given in Tables 3-7. 


Master Transmitter 
Mode: In the master transmitter mode, a 


number of data bytes are transmitted to a slave receiver (see 
Figure 17). Before the master transmitter mode can be entered, 
S1CON must be initialized as follows: 


CAO, CA1, and CA2 define the serial bit rate. ENS1 must be set to 
logic 1 to enable S101. "the 
AA bit is reset, SI01 will not 


acknowledge its own slave address or the general call address in 
the event of another device becoming master of the bus. In other 
words, if AA is reset, SIOO cannot enter a slave mode. STA, STO, 
and SI must be reset. 


The master transmitter mode may now be entered by setting the 
STA bit using the SETB instruction. The SI01 logic will now test the 
IZC bus and generate a start condition as soon as the bus becomes 
free. When a STAAT condition is transmitted, the serial interrupt flag 
(SI) is set, and the status code in the status register (S1STA) will be 
08H. This status code must be used to vector to an interrupt service 
routine that loads S1OAT with the slave address and the data 
direction bit (SLA+W). The SI bit in S1CON must then be reset 
before the serial transfer can continue. 


When the slave address and the direction bit have been transmitted 
and an acknowledgment 
bit has been received, the serial interrupt 
flag (SI) is set again, and a number of status codes in S1STA are 
possible. There are 18H, 20H, or 38H for the master mode and also 
68H, 78H, or BOH if the slave mode was enabled (AA = logic 1). The 
appropriate action to be taken for each of these status codes is 
detailed in Table 3. After a repeated start condition (state 10H). SI01 
may switch to the master receiver mode by loading S1OAT with 
SLA+A). 


(1) 
Valid data 
in SlOAT 


(2) 
Shifting 
data 
in S1 OAT and ACK 


(3) 
High 
level on SOA 


BIT FREQUENCY (kHz) AT fose 


CR2 
CR1 
CRO 
6MHz 
12MHz 
16MHz 
fose DIVIDED BY 


0 
0 
0 
23 
47 
63 
256 
0 
0 
1 
27 
54 
71 
224 
0 
1 
0 
31 
63 
83 
192 
0 
1 
1 
37 
75 
100 
160 
1 
0 
0 
6.25 
12.5 
17 
960 
1 
0 
1 
50 
100 
- 
120 
1 
1 
0 
100 
- 
- 
60 
1 
1 
1 
0.25 < 62.5 
0.5 < 62.5 
0.67 < 56 
96 X (256 - reload value Timer 1) 


(Reload value range: 0 - 254 in mode 2) 


~ 
From 
Master 
to Slave 
o 
From Slave 
to Master 


~ 
/'my Number 
of Data Bytes and Their 
Associated 
Acknowledge 
Bits 


G 
This 
Number 
(Conteined 
in S1STA) 
Corresponds 
to a Defined 
State of thel2C 
Bus. See Table 3. 


~ 
From Master to Slave 
I 
I 
From Slave to Master 
G~ 
Any Number 01Data Bytes and Their Associated Acknowledge Bits 


G 
This Number (Contained in S1STA) Corresponds to a Defined State of thel2C 
Bus. See Table 4. 


Reception 
of the Own 
Slave Address 
and One or More 
Data Bytes 


All Are Acknowledged. 


Reception of the Own 
Slave Address and 
Transmission of One or 
More Dala Bytes 


~ 
From 
Master 
to Slave 


1 
1 
From 
Slave 10 Masle, 


G~ 
G 


Last Data Byte Transmitted. 
Switched to Not Addressed Slave 
(AA Bit in S1CON =-rJ' 


Master Receiver 
Mode: In the master receiver mode, a number of 


data bytes are received from a slave transmitter (see Figure 18). 
The transfer is initialized as in the master transmitter mode. When 
the start condition has been transmitted, the interrupt service routine 
must load SlOAT with the 7-bit slave address and the data direction 
bit (SLA+R). The SI bit in Sl CON must then be cleared before the 
serial transfer can continue. 


When the slave address and the data direction bit have been 
transmitted and an acknowledgment 
bit has been received, the 


serial interrupt flag (SI) is set again, and a number of status codes in 
SlSTA are possible. These are 40H, 48H, or 38H for the master 
mode and also 68H, 78H, or BOH if the slave mode was enabled 
(AA = logic 1). The appropriate action to be taken for each of these 
status codes is detailed in Table 4. ENS1, CR1, and CRO are not 
affected by the serial transfer and are not referred to in Table 4. After 
a repeated start condition (state 1OH), SI01 may switch to the 
master transmitter mode by loading SlOAT with SLA+W. 


Slave Receiver 
Mode: In the slave receiver mode, a number of 


data bytes are received from a master transmitter (see Figure 19). 
To initiate the slave receiver mode, SlAOR 
and SlCON 
must be 


loaded as follows: 


S'ADR (DBHll __x_l_x__I_x 
x 
x 1__x 
x~IGCl 


own 
alave 
address 
I 


The upper 7 bits are the address to which SI01 will respond when 
addressed by a master. If the LSB (GC) is set, SI01 will respond to 


S'COH (D8Hll 
CR2 


x 


CRO, CR1, and CR2 do not affect SI01 in the slave mode. ENS1 
must be set to logic 1 to enable S101. The AA bit must be set to 
enable SI01 to acknowledge its own slave address or the general 
call address. STA, STO, and SI must be reset. 


When SlAOR and SlCON 
have been initialized, SI01 waits until it 
is addressed by its own slave address followed by the data direction 
bit which must be "0" (W) for SI01 to operate in the slave receiver 
mode. After its own slave address and the W bit have been 
received, the serial interrupt flag (I) is set and a valid status code 
can be read from SlSTA. This status code is used to vector to an 
interrupt service routine, and the appropriate action to be taken for 
each of these status codes is detailed in Table 5. The slave receiver 
mode may also be entered if arbitration is lost while SI01 is in the 
master mode (see status 68H and 78H). 


If the AA bit is reset during a transfer, SI01 will retum a not 
acknowledge (logic 1) to SOA after the next received data byte. 
While AA is reset, SI01 does not respond to its own slave address 
or a general call address. However, the 12Cbus is still monitored 
and address recognition may be resumed at any time by selling AA. 
This means that the AA bit may be used to temporarily isolate SI01 
from the 12Cbus. 


STATUS 
STATUS OF THE 
APPLICATION 
SOFTWARE RESPONSE 


CODE 
12CBUS AND 
TO SlCON 
NEXT ACTION TAKEN BY SI01 HARDWARE 


(SlSTA) 
SI01 HARDWARE 
TOIFROM SlOAT 
STA 
STO 
SI 
AA 


OBH 
A START condition has 
LoadSLA+W 
X 
0 
0 
X 
SLA+W will be transmitted; 


been transmitted 
ACK bit will be received 


10H 
A repeated START 
Load SLA+W or 
X 
0 
0 
X 
As above 


condition has been 
Load SLA+R 
X 
0 
0 
X 
SLA+W will be transmitted; 
transmitted 
SIOl will be switched to MST/REC mode 


lBH 
SLA+W has been 
Load data byte or 
0 
0 
0 
X 
Data byte will be transmitted; 


transmitted; ACK has 
ACK bit will be received 
been received 
no SlOAT action or 
1 
0 
0 
X 
Repeated START will be transmitted; 


no SlOAT action or 
0 
1 
0 
X 
STOP condition will be transmitted; 
STO flag will be reset 
no SlOAT action 
1 
1 
0 
X 
STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 


20H 
SLA+W has been 
Load data byte or 
0 
0 
0 
X 
Data byte will be transmitted; 


transmitted; NOT ACK 
ACK bit will be received 


has been received 
no SlOAT action or 
1 
0 
0 
X 
Repeated START will be transmitted; 


no SlOAT action or 
0 
1 
0 
X 
STOP condition will be transmitted; 
STO flag will be reset 
no SlOAT action 
1 
1 
0 
X 
STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 


2BH 
Data byte in SlOAT has 
Load data byte or 
0 
0 
0 
X 
Data byte will be transmitted; 


been transmitted; ACK 
ACK bit will be received 


has been received 
no SlOAT action or 
1 
0 
0 
X 
Repeated START will be transmitted; 


no SlOAT action or 
0 
1 
0 
X 
STOP condition will be transmitted; 
STO flag will be reset 
no SlOAT action 
1 
1 
0 
X 
STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 


30H 
Data byte in SlOAT has 
Load data byte or 
0 
0 
0 
X 
Data byte will be transmitted; 


been transmitted; NOT 
ACK bit will be received 
ACK has been received 
no SlOAT action or 
1 
0 
0 
X 
Repeated START will be transmitted; 


no SlOAT action or 
0 
1 
0 
X 
STOP condition will be transmitted; 
STO flag will be reset 
no SlOAT action 
1 
1 
0 
X 
STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 


3BH 
Arbitration lost in 
No SlOAT action or 
0 
0 
0 
X 
12Cbus will be released; 
SLA+RJWor 
not addressed slave will be entered 


Data bytes 
No SlOAT action 
1 
0 
0 
X 
A START condition will be transmitted when the 
bus becomes free 


STATUS 
STATUS OF THE 
APPLICATION SOFTWARE RESPONSE 


CODE 
12C BUS AND 
TOIFROM S1DAT 
TOS1CON 
NEXT ACTION TAKEN BY SI01 HARDWARE 


(S1STA) 
SI01 HARDWARE 
STA 
STO 
SI 
AA 


08H 
A START condition has 
Load SLA+R 
X 
0 
0 
X 
SLA+R will be transmitted; 
been transmitted 
ACK bit will be received 


10H 
A repeated START 
Load SLA+R or 
X 
0 
0 
X 
As above 
condition has been 
LoadSLA+W 
X 
0 
0 
X 
SLA+W will be transmitted; 
transmitted 
SI01 will be switched to MSTfTRX mode 


38H 
Arbitration lost in 
No S1DAT action or 
0 
0 
0 
X 
j2C bus will be released; 
NOT ACKbit 
SI01 will enter a slave mode 


No S1DAT action 
1 
0 
{) 
X 
A START condition will be transmitted when the 
bus becomes free 


40H 
SLA+R has been 
No S1DAT action or 
0 
0 
0 
0 
Data byte will be received; 
transmitted; ACK has 
NOT ACK bit will be retumed 
been received 
no S1DAT action 
0 
0 
0 
1 
Data byte will be received; 
ACK bit will be retumed 


48H 
SLA+R has been 
No S1DAT action or 
1 
0 
0 
X 
Repeated START condition will be transmitted 
transmitted; NOT ACK 
has been received 
no S1DAT action or 
0 
1 
0 
X 
STOP condition will be transmitted; 
STO flag will be reset 


no S1DAT action 
1 
1 
0 
X 
STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 


50H 
Data byte has been 
Read data byte or 
0 
0 
0 
0 
Data byte will be received; 
received; ACK has been 
NOT ACK bit will be retumed 
returned 
read data byte 
0 
0 
0 
1 
Data byte will be received; 
ACK bit will be returned 


58H 
Data byte has been 
Read data byte or 
1 
0 
0 
X 
Repeated START condition will be transmitted 
received; NOT ACK has 
been retumed 
read data byte or 
0 
1 
0 
X 
STOP condition will be transmitted; 
STO flag will be reset 
read data byte 
1 
1 
0 
X 
STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 


STATUS 
STATUS OF THE 
APPLICATION 
SOFTWARE RESPONSE 


CODE 
12C BUS AND 
TOIFROM S1DAT 
TO S1CON 
NEXT ACTION TAKEN BY SI01 HARDWARE 


(S1STA) 
SI01 HARDWARE 
STA 
STO 
SI 
AA 


60H 
Own SLA+W has 
No Sl DAT action or 
X 
a 
a 
a 
Data byte will be received and NOT ACK will be 
been received; ACK 
retumed 


has been retumed 
no SlOAT action 
X 
a 
a 
1 
Data byte will be received and ACK will be retumed 


68H 
Arbitration lost in 
No SlDAT action or 
X 
a 
a 
a 
Data byte will be received and NOT ACK will be 
SLA+RJW as master; 
retumed 


Own SLA+W has 
no Sl DAT action 
X 
a 
a 
1 
Data byte will be received and ACK will be retumed 
been received, ACK 
retumed 


70H 
General call address 
No S1DAT action or 
X 
a 
a 
a 
Data byte will be received and NOT ACK will be 
(OOH)has been 
retumed 


received; ACK has 
no Sl DAT action 
X 
a 
a 
1 
Data byte will be received and ACK will be retumed 
been returned 


78H 
Arbitration lost in 
No Sl DAT action or 
X 
a 
a 
a 
Data byte will be received and NOT ACK will be 
SLA+RJW as master; 
returned 


General call address 
no SlDAT action 
X 
a 
a 
1 
Data byte will be received and ACK will be retumed 
has been received, 
ACK has been 
returned 


80H 
Previously addressed 
Read data byte or 
X 
a 
a 
a 
Data byte will be received and NOT ACK will be 
with own SLY 
retumed 


address; DATA has 
read data byte 
X 
a 
a 
1 
Data byte will be received and ACK will be retumed 
been received; ACK 
has been retumed 


88H 
Previously addressed 
Read data byte or 
a 
a 
a 
a 
Switched to not addressed SLY mode; no 
with own SLA; DATA 
recognition of own SLA or General call address 
byte has been 
read data byte or 
a 
a 
a 
1 
Switched to not addressed SLY mode; Own SLA will 
received; NOT ACK 
be recognized; General call address will be 
has been retumed 
recognized if SlADR.O = logic 1 
read data byte or 
1 
a 
a 
a 
Switched to not addressed SLY mode; no 
recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 


read data byte 
1 
a 
a 
1 
Switched to not addressed SLY mode; Own SLA will 
be recognized; General call address will be 
recognized if Sl ADR.O = logic 1. A START condition 
will be transmitted when the bus becomes free. 


90H 
Previously addressed 
Read data byte or 
X 
a 
a 
a 
Data byte will be received and NOT ACK will be 
with General Call; 
returned 


DATA byte has been 
read data byte 
X 
a 
a 
1 
Data byte will be received and ACK will be retumed 
received; ACK has 
been retumed 


98H 
Previously addressed 
Read data byte or 
a 
a 
a 
a 
Switched to not addressed SLY mode; no 
with General Call; 
recognition of own SLA or General call address 
DATA byte has been 
read data byte or 
a 
a 
a 
1 
Switched to not addressed SLY mode; Own SLA will 
received; NOT ACK 
be recognized; General call address will be 
has been returned 
recognized if Sl ADR.O = logic 1 
read data byte or 
1 
a 
a 
a 
Switched to not addressed SLY mode; no 
recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 


read data byte 
1 
a 
a 
1 
Switched to not addressed SLY mode; Own SLA will 
be recognized; General call address will be 
recognized if SlADR.O = logic 1. A START condition 
will be transmitted when the bus becomes free. 


STATUS 
STATUS OF THE 
APPLICATION 
SOFTWARE RESPONSE 


CODE 
12<:BUS AND 
TOIFROM S1DAT 
TO S1CON 
NEXT ACTION TAKEN BY SI01 HARDWARE 


(S1STA) 
SI01 HARDWARE 
STA 
STO 
SI 
AA 


AOH 
A STOP condition or 
No STOAT action or 
0 
0 
0 
0 
Switched to not addressed SLY mode; no 


repeated START 
recognition of own SLA or General call address 


cond~ion has been 
No STDAT action or 
0 
0 
0 
1 
Switched to not addressed SLY mode; Own SLA will 
received while still 
be recognized; General call address will be 
addressed as 
recognized if S1ADR.O = logic 1 


SLVlREC or SLVITRX 
No STDAT action or 
1 
0 
0 
0 
Switched to not addressed SLY mode; no 
recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 
No STDAT action 
1 
0 
0 
1 
Switched to not addressed SLY mode; Own SLA will 
be recognized; General call address will be 
recognized if Sl ADR.O = logic 1. A START condition 
will be transmitted when the bus becomes free. 


STATUS 
STATUS OF THE 
APPLICATION 
SOFTWARE RESPONSE 


CODE 
12<:BUS AND 
TOIFROM S1DAT 
TO S1CON 
NEXT ACTION TAKEN BY SI01 HARDWARE 


(S1STA) 
SI01 HARDWARE 
STA 
STO 
SI 
AA 


ABH 
Own SLA+R has been 
Load data byte or 
X 
0 
0 
0 
Last data byte will be transmitted and 
received; ACK has 
ACK bit will be received 
been retumed 
load data byte 
X 
0 
0 
1 
Data byte will be transmitted; ACK will be received 


BOH 
Arb~ration lost in 
Load data byte or 
X 
0 
0 
0 
Last data byte will be transmitted and ACK b~ will 
SLA+RiW as master; 
be received 
Own SLA+R has been 
load data byte 
X 
0 
0 
1 
Data byte will be transmitted; ACK bit will be 


received, ACK has 
received 
been retumed 


BBH 
Oata byte in SlOAT 
Load data byte or 
X 
0 
0 
0 
Last data byte will be transmitted and 
has been transmitted; 
ACK b~ will be received 
ACK has been 
load data byte 
X 
0 
0 
1 
Data byte will be transmitted; ACK bit will be 


received 
received 


COH 
Data byte in SlOAT 
No SlDAT action or 
0 
0 
0 
0 
Sw~ched to not addressed SLY mode; no 


has been transmitted; 
recognition of own SLA or General call address 


NOT ACK has been 
no Sl DAT action or 
0 
0 
0 
1 
Switched to not addressed SLY mode; Own SLA will 
received 
be recognized; General call address will be 
recognized if Sl AOR.O = logic 1 


no SlOAT action or 
1 
0 
0 
0 
Sw~ched to not addressed SLY mode; no 
recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 
no Sl DAT action 
1 
0 
0 
1 
Switched to not addressed SLY mode; Own SLA will 
be recognized; General call address will be 
recognized if SlADR.O = logic 1. A START condition 
will be transmitted when the bus becomes free. 


CBH 
Last data byte in 
No Sl DAT action or 
0 
0 
0 
0 
Sw~ched to not addressed SLY mode; no 


Sl DAT has been 
recognition of own SLA or General call address 
transmitted (AA = 0); 
no SlOAT action or 
0 
0 
0 
1 
Switched to not addressed SLY mode; Own SLA will 


ACK has been 
be recognized; General call address will be 
received 
recognized if SlADR.O = logic 1 


no SlOAT action or 
1 
0 
0 
0 
Sw~ched to not addressed SLY mode; no 
recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 
no Sl DAT action 
1 
0 
0 
1 
Switched to not addressed SLY mode; Own SLA will 
be recognized; General call address will be 
recognized if SlADR.O = logic 1. A START condition 
will be transmitted when the bus becomes free. 


Slave Transmitter 
Mode: In the slave transmitter mode, a number 


of data bytes are transmitted to a master receiver (see Figure 20). 
Data transfer is initialized as in the slave receiver mode. When 
SlADR 
and SlCON 
have been initialized, SI01 waits until it is 


addressed by its own slave address followed by the data direction 
bit which must be "1" (R) for SI01 to operate in the slave transmitter 
mode. After its own slave address and the R bit have been received, 
the serial interrupt flag (SI) is set and a valid status code can be 
read from Sl STA. This status code is used to vector to an interrupt 
service routine, and the appropriate action to be taken for each of 
these status codes is detailed in Table 6. The slave transmitter mode 
may also be entered if arbitration is lost while SI01 is in the master 
mode (see state BOH). 


If the AA bit is reset during a transfer, SI01 will transmit the last byte 
of the transfer and enter state COH or CBH. SI01 is switched to the 
not addressed slave mode and will ignore the master receiver if it 
continues the transfer. Thus the master receiver receives all 1s as 
serial data. While AA is reset, SI01 does not respond to its own 
slave address or a general call address. However, the 12C bus is still 
monitored, and address recognition may be resumed at any time by 
setting AA. This means that the AA bit may be used to temporarily 
isolate SI01 from the 
12C bus. 


Miscellaneous 
States: There are two SlSTA codes that do not 
correspond to a defined SI01 hardware state (see Table 7). These 
are discussed below. 


SlSTA 
= F8H: 


This status code indicates that no relevant information is available 
because the serial interrupt flag, SI, is not yet set. This occurs 
between other states and when SI01 is not involved in a serial 
transfer. 


SlSTA= 
OOH: 
This status code indicates that a bus error has occurred during an 
SI01 serial transfer. A bus error is caused when a START or STOP 
condition occurs at an illegal position in the format frame. Examples 
of such illegal positions are during the serial transfer of an address 
byte, a data byte, or an acknowledge bit. A bus error may also be 
caused when extemal interference disturbs the internal SI01 
signals. When a bus error occurs, SI is set. To recover from a bus 
error, the STO flag must be set and SI must be cleared. This causes 
SI01 to enter the "not addressed" slave mode (a defined state) and 
to clear the STO flag (no other bits in Sl CON are affected). The 
SDA and SCL lines are released (a STOP condition is not 
transmitted). 


Some Special 
Cases: The SI01 hardware has facilities to handle 


the following special cases that may occur during a serial transfer: 


Simultaneous Repeated START Conditions from Two Masters 


A repeated START condition may be generated in the master 
transmitter or master receiver modes. A special case occurs if 
another master simultaneously 
generates a repeated START 


condition (see Figure 21). Until this occurs, arbitration is not lost by 
either master since they were both transmitting the same data. 


If the SI01 hardware detects a repeated START condition on the 12C 
bus before generating a repeated START condition itself, it will 
release the bus, and no interrupt request is generated. If another 
master frees the bus by generating a STOP condition, SI01 will 
transmit a normal START condition (state OSH),and a retry of the 
total serial data transfer can commence. 


DATATRANSFERAFTERLoss OFARBITRATION 
Arbitration may be lost in the master transmitter and master receiver 
modes (see Figure 13). Loss of arbitration is indicated by the 
following states in SlSTA; 
38H, 68H. 78H, and BOH (see Figures 17 


and 18). 


If the STA flag in Sl CON is set by the routines which service these 
states, then, if the bus is free again, a START condition (state 08H) 
is transmitted without intervention by the CPU, and a retry of the 
total serial transfer can commence. 


FORCEDACCESSTOTHEI'C Bus 
In some applications, it may be possible for an uncontrolled source 
to cause a bus hang-up. In such situations, the problem may be 
caused by interference, temporary interruption of the bus or a 
temporary short-circuit between SDA and SCL. 


If an uncontrolled source generates a superfluous START or masks 
a STOP condition. then the 
12C bus stays busy indefinitely. If the 


STA flag is set and bus access is not obtained within a reasonable 
amount of time, then a forced access to the 
12C bus is possible. This 


is achieved by setting the STO flag while the STA flag is still set. No 
STOP condition is transmitted. The SI01 hardware behaves as if a 
STOP condition was received and is able to transmit a START 
condition. The STO flag is cleared by hardware (see Figure 22). 


I'C Bus OBSTRUCTEOBYA Low LEVELONSCL ORSDA 
An 12C bus hang-up occurs if SDA or SCL is pulled LOW by an 
uncontrolled source. If the SCL line is obstructed (pulled LOW) by a 
device on the bus, no further serial transfer is possible, and the 
SI01 hardware cannot resolve this type of problem. When this 
occurs, the problem must be resolved by the device that is pulling 
the SCL bus line LOW. 


If the SDA line is obstructed by another device on the bus (e.g., a 
slave device out of bit synchronization), 
the problem can be solved 


by transmitting additional clock pulses on the SCL line (see Figure 
23). The SI01 hardware transmits additional clock pulses when the 
STA flag is set. but no START condition can be generated because 
the SDA line is pulled LOW while the 
12C bus is considered free. 


The SI01 hardware attempts to generate a START condition after 
every two additional clock pulses on the SCL line. When the SDA 
line is eventually released, a normal START condition is transmitted, 
state 08H is entered, and the serial transfer continues. 


If a forced bus access occurs or a repeated START condition is 
transmitted while SDA is obstructed (pulled LOW). the SI01 
hardware performs the same action as described above. In each 
case, state 08H is entered after a successful START condition is 
transmitted and normal serial transfer continues. Note that the CPU 
is not involved in solving these bus hang-up problems. 


Bus ERROR 
A bus error occurs when a START or STOP condition is present at 
an illegal position in the format frame. Examples of illegal positions 
are during the serial transfer of an address byte, a data or an 
acknowledge bit. 


The SI01 hardware only reacts to a bus error when it is involved in 
a serial transfer either as a master or an addressed slave. When a 
bus error is detected, SI01 immediately switches to the not 
addressed slave mode, releases the SDA and SCL lines, sets the 
interrupt flag, and loads the status register with OOH.This status 
code may be used to vector to a service routine which either 
attempts the aborted serial transfer again or simply recovers from 
the error condition as shown in Table 7. 


STATUS 
STATUS OF THE 
APPLICATION 
SOFTWARE RESPONSE 


CODE 
12C BUS AND 
TOIFROM S1DAT 
TO S1CON 
NEXT ACTION TAKEN BY SI01 HARDWARE 


(S1STA) 
SI01 HARDWARE 
STA I STO I 
SI 
AA 


F8H 
No relevant state 
No SlOAT action 
No S1CON action 
Wait or proceed current transfer 
information available; 
SI=O 


OOH 
Bus error during MST or 
No SlOAT action 
0 
1 
0 
X 
Only the intemal hardware is affected in the 
selected slave modes, 
MST or addressed SLV modes. In all cases, 
due to an illegal START 
the bus is released and SIOl 
is switched to the 


or STOP condition. State 
not addressed SLV mode. STO is reset. 


OOHcan also occur 
when interference 
causes SIOl to enter an 
undefined state. 
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(1) Unsuccessful attempt to send a Start condition 


(2) SDA line released 


(3) Successful attempt to send a Start condition; state OSHis entered 


Software 
Examples 
of 5101 Service 
Routines: 
This section 


consists of a software example for: 
- 
Initialization of SI01 after a RESET 


- 
Entering the SI01 interrupt routine 


- The 26 state service routines for the 


- 
Master transmitter mode 


- Master receiver mode 


- Slave receiver mode 


- Slave transmitter mode 


INITIALIZATION 
In the initialization routine, SI01 is enabled for both master and 
slave modes. For each mode, a number of bytes of internal data 
RAM are allocated to the SIO to act as either a transmission or 
reception buffer. In this example, 8 bytes of internal data RAM are 
reserved for different purposes. The data memory map is shown in 
Figure 24. The initialization routine performs the following functions: 
- S1ADR is loaded with the part's own slave address and the 


general call bit (GC) 


- 
P1.6 and P1.7 bit latches are loaded with logic 1s 


- 
RAM location HADD is loaded with the high-order address byte of 
the service routines 


- The SI01 interrupt enable and interrupt priority bits are set 
- The slave mode is enabled by simultaneously setting the ENS1 


and AA bits in S1CON and the serial clock frequency (for master 
modes) is defined by loading CRO and CR1 in S1CON. The 
master routines must be started in the main program. 


The SI01 hardware now begins checking the 12Cbus for its own 
slave address and general call. If the general call or the own slave 
address is detected, an interrupt is requested and S1STA is loaded 
with the appropriate state information. The following text describes a 
fast method of branching to the appropriate service routine. 


SI01 INTERRUPTROUTINE 
When the SI01 interrupt is entered, the PSW is first pushed on the 
stack. Then S1STA and HADD (loaded with the high-order address 
byte of the 26 service routines by the initialization routine) are 
pushed on to the stack. S1STA contains a status code which is the 
lower byte of one of the 26 service routines. The next instruction is 
RET, which is the return from subroutine instruction. When this 
instruction is executed, the high and low order address bytes are 
popped from stack and loaded into the program counter. 


The next instruction to be executed is the first instruction of the state 
service routine. Seven bytes of program code (which execute in 
eight machine cycles) are required to branch to one of the 26 state 
service routines. 


SI 
PUSH 
PSW 
Save PSW 
PUSH 
S1STA 
Push status code 
(low order address byte) 


PUSH 
HADD 
Push high order address byte 


RET 
Jump to state service routine 


The state service routines are located in a 256-byte page of program 
memory. The location of this page is defined in the initialization 
routine. The page can be located anywhere in program memory by 
loading data RAM register HADD with the page number. Page 01 is 
chosen in this example, and the service routines are located 
between addresses 0100H and 01FFH. 


THESTATESERVICEROUTINES 
The state service routines are located 8 bytes from each other. Eight 
bytes of code are sufficient for most of the service routines. A few of 
the routines require more than 8 bytes and have to jump to other 


locations to obtain more bytes of code. Each state routine is part of 
the SI01 interrupt routine and handles one of the 26 states. It ends 
with a RETI instruction which causes a return to the main program. 


MASTERTRANSMITIERANDMASTERRECEIVERMODES 
The master mode is entered in the main program. To enter the 
master transmitter mode, the main program must first load the 
intemal data RAM with the slave address, data bytes, and the 
number of data bytes to be transmitted. To enter the master receiver 
mode, the main program must first load the internal data RAM with 
the slave address and the number of data bytes to be received. The 
RIW bit determines whether SI01 operates in the master transmitter 
or master receiver mode. 


Master mode operation commences when the STA bit in S1CION is 
set by the SETS instruction and data transfer is controlled by the 
master state service routines in accordance with Table 3, Table 4, 
Figure 17, and Figure 18. In the example below, 4 bytes are 
transferred. There is no repeated START condition. In the event of 
lost arbitration, the transfer is restarted when the bus becomes free. 
If a bus error occurs, the 12Cbus is released and SI01 enters the 
not selected slave receiver mode. If a slave device returns a not 
acknowledge, a STOP condition is generated. 


A repeated START condition can be included in the serial transfer if 
the STA flag is set instead of the STO flag in the state service 
routines vectored to by status codes 28H and 58H. Additional 
software must be written to determine which data is transferred after 
a repeated START condition. 


SLAVETRANSMITIERANDSLAVERECEIVERMODES 
After initialization, SI01 continually tests the 12Cbus and branches 
to one of the slave state service routines if it detects its own slave 
address or the general call address (see Table 5, Table 6, Figure 19, 
and Figure 20). If arbitration was lost while in the master mode, the 
master mode is restarted after the current transfer. If a bus error 
occurs, the 12Cbus is released and SI01 enters the not selected 
slave receiver mode. 


In the slave receiver mode, a maximum of 8 received data bytes can 
be stored in the internal data RAM. A maximum of 8 bytes ensures 
that other RAM locations are not overwritten if a master sends more 
bytes. If more than 8 bytes are transmitted, a not acknowledge 
is 


returned, and SI01 enters the not addressed slave receiver mode. A 
maximum of one received data byte can be stored in the internal 
data RAM after a general call address is detected. If more than one 
byte is transmitted, a not acknowledge is returned and SI01 enters 
the not addressed slave receiver mode. 


In the slave transmitter mode, data to be transmitted is obtained 
from the same locations in the internal data RAM that were 
previously loaded by the main program. After a not acknowledge 
has been returned by a master receiver device, SI01 enters the not 
addressed slave mode. 


ADAPTINGTHESOFTWAREFORDIFFERENTApPLICATIONS 
The following software example shows the typical structure of the 
interrupt routine including the 26 state service routines and may be 
used as a base for user applications. 
If one or more of the four 


modes are not used, the associated state service routines may be 
removed but, care should be taken that a deleted routine can never 
be invoked. 


This example does not include any time-out routines. In the slave 
modes, time-out routines are not very useful since, in these modes, 
SI01 behaves essentially as a passive device. In the master modes, 
an internal timer may be used to cause a time-out if a serial transfer 
is not complete after a defined period of time. This time period is 
defined by the system connected to the 12Cbus. 


1 


GC 
DB 


OA 


D9 


CRO 
OS 
1 


00 


l~ 


lAB 


loo 


Teo 


1 
7F 


53 


52 


51 


50 


4F 
1 


48 
1 


40 
1 


38 


Iso 
I:: 


Too 


SlOAT 


SlSTA 


SICON 
CR2 


pswI 
_ 
IroI~EI-- 


IENO~~ 
_ 


Pl ~ 
_ 


T 


Backup 
Original Value of NUMBYTMST 


NUMBYTMST 
Number of Bytes as Master 


SLA 
SLAi'RIW 
to be Transmitted to SLA 


HADD 
Higher Address Byte Interrupt Routine 


SID I_S_Ia_Ye_T'_a_nsm_itt_e'_o_a_'a_RA_M 
_ 
I 


Slave 
Receiver 
Data 
RAM 
SAD 
_ 
I 


Master Receiver Data RAM 
MRD 
_ 
I 


Master 
Transmitter 
Data 
RAM 
MID 
_ 


1 
-: 


0 
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OODB 
S1CON 
-oxdB 
00D9 
S1STA 
-oxd9 
OODA 
SlOAT 
-oxda 
OODB 
S1ADR 
-oxdb 


OOAB 
IENO 
-oxaB 
OOBB 
IPO 
-o2bB 


! STA bit in S1CON 
! IPO, SI01 Priority bit 


00D5 
ENS1_NOTSTA_STO_NOTSI_AA_CRO 
-oxd5 
! Generates STOP 
! (CRO ; 100kHz) 


00C5 
ENS1_NOTSTA_NOTSTO_NOTSLAA_CRO 
-oxc5 
! Releases BUS and 
!ACK 
00C1 
ENS1_NOTSTA_NOTSTO_NOTSI_NOTAA_CRO 
-oxc1 
! Releases BUS and 
! NOTACK 
00E5 
ENS1_STA_NOTSTO_NOTSI_AA_CRO 
-oxe5 
! Releases BUS and 
! setSTA 


0031 
OWNSLA 
-ox31 
! Own SLA+General Call 
! must be written into S1ADR 


OOAO 
ENSI01 
-oxaO 
! EA+ES1, enable SI01 interrupt 
! must be written into IENO 
0001 
PAG1 
-ox01 
! select PAG1 as HADD 
OOCO 
SLAW 
-oxcO 
! SLA+W to be transmitted 
00C1 
SLAR 
-oxc1 
! SLA+R to be transmitted 
001B 
SELRB3 
-ox1B 
! Select Register Bank 3 


0030 
MTD 
-ox30 
! MSTfTRXJDATA base address 


003B 
MRD 
-ox3B 
! MST/REC/DATA base address 


0040 
SRD 
-ox40 
! SLV/REC/DATA base address 


004B 
STD 
-ox4B 
! SLVfTRXlDATA base address 


0053 
BACKUP 
-ox53 
Backup from NUMBYTMST 
To restore NUMBYTMST in case 
of an Arbitration Loss. 


0052 
NUMBYTMST 
-Ox52 
Number of bytes to transmit 
or receive as MST. 


0051 
'SLA 
-Ox51 
Contains SLA+RIW to be 
transmitted. 
0050 
HADD 
-ox50 
High Address byte for STATE 0 
till STATE 25. 


! INITIALIZATION ROUTINE 
! Example to initialize IIC Interface as slave receiver or slave transmitter and 
! star! a MASTER TRANSMIT or a MASTER RECEIVE function. 4 bytes will be transmitted or received. 


.sect 
str! 


.base 
OxOO 


0000 
4100 
ajmp 
INIT 
! RESET 


.sect 
initial 


.base 
0x200 


0200 
75DB31 
INIT: 
mov 
S1ADR,#OWNSLA 
! Load own SLA + enable 
! general call recognition 


0203 
D296 
setb 
P1(6) 
! P1.6 High level. 


0205 
D297 
setb 
P1(7) 
! P1.7 High level. 


0207 
755001 
mov 
HADD,#PAG1 
020A 
43A8AO 
or! 
IENO,#ENSI01 
! Enable SI01 interrupt 


020D 
C2BD 
c1r 
SI01HP 
! SI01 interrupt low priority 
020F 
75D8C5 
mov 
S1CON, #ENS1_NOTSTA_NOTSTO_NOTSI_AA_CRO 
! Initialize SLV func!. 


!------------------------------------------------- 
!START MASTER TRANSMIT FUNCTION 
!------------------------------------------------- 


0212 
0215 
0218 


755204 
7551 CO 
D2DD 


mov 
NUMBYTMST,#Ox4 
rnov 
SLA,#SLAW 
setb 
STA 


! Transmit 4 bytes. 
! SLA+W, Transmit func!. 
! set STA in S1CON 


!------------------------------------------------- 
!START MASTER RECEIVE FUNCTION 
!------------------------------------------------- 


021A 
021D 
0220 


755204 
7551C1 
D2DD 


mov 
NUMBYTMST,#Ox4 
mov 
SLA,#SLAR 
setb 
STA 


! Receive 4 bytes. 
!SLA+R, Receive func!. 
! set STA in S1CON 


! S1STA and HADD are pushed onto the stack. 
! They serve as retum address for the RET instruction. 
! The RET instruction sets the Program Counter to address HADD, 
! S1STA and jumps to the right subroutine. 


002B 
002D 
002F 
0031 


CODO 
COD9 
COSO 
22 


push 
psw 
push 
S1STA 
push 
HADD 
ret 


!------------------------------------------------- 
! STATE 
: 00, Bus error. 
! ACTION 
: Enter not addressed SLV mode and release bus. STO rese!. 


!------------------------------------------------- 
.sect 
stO 
.base 
Ox100 


mov 
S1CON,#ENS1_NOTSTA_STO_NOTSI_AA_CRO! 
clr SI 
!set STO,AA 


1 State 08 and State 10 are both for MSTfTRX and MST/REC. 


1 The RIW bit decides whether the next state is within 


1 MSTfTRX mode or within MST/REC mode. 


1------------------------------------------------- 


1 STATE 
: 08, A, START condition has been transmitted. 
! ACTION 
: SLA+RIW are transmitted, ACK bit is received. 
!------------------------------------------------- 
.sect 
mts8 


.base 
Ox108 


mov 
S1DAT,SLA 
! Load SLA+RIW 


mov 
S1CON,#ENS1_NOTSTA_NOTSTO_NOTSI_AA_CRO 


! clr SI 


1------------------------------------------------- 
1STATE 
: 10, A repeated START condition has been 


1 
transmitted. 
1ACTION 
: SLA+RIW are transmitted, ACK bit is received. 


!------------------------------------------------- 
.sect 
mts10 


.base 
Ox110 


0110 
8551DA 
mov 
S1DAT,SLA 
I Load SLA+RIW 
0113 
75D8C5 
mov 
S1CON,#ENS1_NOTSTA_NOTSTO_NOTSI_AA_CRO 


I clr SI 


010E 
01AO 
ajmp 
INITBASE1 


.sect 
ibase1 


.base 
OxaO 


OOM 
75D018 
INITBASE1: 
mov 
psw,#SELRB3 


00A3 
7930 
mov 
r1,#MTD 


OOAS 
7838 
mov 
rO,#MRD 


00A7 
855253 
mov 
BACKUP,NUMBYTMST 
! Save initial value 
OOAA 
DODO 
pop 
psw 


OOAC 
32 
reti 


!------------------------------------------------- 
! STATE 
: 18, Previous state was STATE 8 or STATE 10, SLA+W have been transmitted, 


! 
ACK has been received. 


1ACTION 
: First DATA is transmitted, ACK bit is received. 


!------------------------------------------------- 
.sect 
mts18 


.base 
Ox118 


0118 
011B 
011D 


75D018 
87DA 
01B5 


mov 
psw,#SELRB3 
mov 
S1DAT,@r1 
ajmp 
CON 


!------------------------------------------------- 
!STATE 
: 20, SLA+W have been transmitted, NOT ACK has been received 


! ACTION 
: Transmit STOP condition. 


!------------------------------------------------- 
.sect 
mts20 


.base 
Ox120 


!------------------------------------------------- 
! STATE 
: 28, DATA of SlOAT have been transmitted, ACK received. 
! ACTION 
:" 
Transmitted DATA is last DATA then transmit a STOP condition, 


! 
else transmit nex1 DATA. 


!------------------------------------------------- 
.sect 
mts28 


.base 
Ox128 


0128 
055285 
012B 
750805 


012E 
01B9 


OOBO 
750018 
00B3 
87DA 
00B5 
75D8C5 


00B8 
09 
00B9 
DODO 
OOBB 
32 


djnz 
NUMBYTMST,NOTLDATl 
! JMP if NOT last DATA 


mov 
SlCON,#ENS1_NOTSTA_STO_NOTSI_AA_CRO 


!clr SI, set AA 


.sect 
mts28sb 


.base 
OxObO 


NOTLDAT1: 
mov 
psw,#SELRB3 
mov 
SlDAT,@rl 
mov 
SlCON,#ENS1_NOTSTA_NOTSTO_NOTSI_AA_CRO 


! clr SI, set 
AA 


inc 
rl 
RETmt 
pop 
psw 


reti 


!------------------------------------------------- 
! STATE 
: 30, DATA of SlOAT have been transmitted, NOT ACK received. 


! ACTION 
: Transmit a STOP condition. 


!------------------------------------------------- 
.sect 
mts30 


.base 
Ox130 


mov 
SlCON,#ENS1_NOTSTA_STO_NOTSI_AA_CRO 
! set STO, clr SI 


!------------------------------------------------- 
!STATE 
: 38, Arbitration lost in SLA+W or DATA. 
! ACTION 
: Bus is released, not addressed SLY mode is entered. 
! 
A new START condition is transmitted when the IIC bus is free again. 


!------------------------------------------------- 
.sect 
mts38 
.base 
Ox138 


0138 
013B 
013E 


75D8E5 
855352 
01B9 


mov 
Sl CON,#ENSCSTA_NOTSTO_NOTSI_AA_CRO 


mov 
NUMBYTMST,BACKUP 
ajmp 
RETmt 


!------------------------------------------------- 
! STATE 
: 40, Previous state was STATE 08 or STATE 10, 
! 
SLA+R have been transmitted, ACK received. 


! ACTION 
: DATA will be received, ACK returned. 


!------------------------------------------------- 
.sect 
mts40 


.base 
Ox140 


!------------------------------------------------- 
! STATE 
: 48, SLA+R have been transmitted, NOT ACK received. 


! ACTION 
: STOP condition will be generated. 
!------------------------------------------------- 
.sect 
mts48 


.base 
Ox148 


mov 
S1CON,#ENSCNOTSTA_STO_NOTSI_AA_CRO 
! set STO, c1r SI 


!------------------------------------------------- 
!STATE 
: 50, DATA have been received, ACK returned. 
! ACTION 
: Read DATA of S1DAT. 
! 
DATA will be received, if it is last DATA 
then NOT ACK will be returned else ACK will be returned. 


!------------------------------------------------- 
.sect 
mrs50 


.base 
Ox150 


0150 
75D018 
mov 
psw,#SELRB3 
0153 
A6DA 
mov 
@rO,S1DAT 
! Read received DATA 


0155 
01CO 
ajmp 
REC1 


.sec1 
mrs50s 


.base 
OxcO 


OOCO 
D55205 
REC1: 
djnz 
NUMBYTMST,NOTLDAT2 
00C3 
75D8C1 
mov 
S1CON,#ENS 1_NOTSTA_NOTSTO_NOTSLNOTAA_CRO 


!clr 
SI,AA 
00C6 
8003 
simp 
RETmr 
00C8 
75D8C5 
NOTLDAT2: 
mov 
S1CON,#ENS1_NOTSTA_NOTSTO_NOTSI_AA_CRO 


! clr SI, set AA 
OOCB 
08 
RETmr: 
inc 
rO 
OOCC 
DODO 
pop 
psw 
OOCE 
32 
reti 


!------------------------------------------------- 
!STATE 
: 58, DATA have been received, NOT ACK returned. 
! ACTION 
: Read DATA of S1 DAT and generate a STOP condition. 


!------------------------------------------------- 
.sect 
mrs58 


.base 
Ox158 


0158 
015B 
015D 


75D018 
A6DA 
80E9 


mov 
psw,#SELRB3 
mov 
@RO,S1DAT 
sjmp 
STOP 


!------------------------------------------------- 
! STATE 
: 60, Own SLA+W have been received, ACK returned. 


! ACTION 
: DATA will be received and ACK returned. 


1------------------------------------------------- 
.sect 
srs60 
.base 
Ox160 


0160 
75D8C5 
mov 
S1CON,#ENS1_NOTSTA_NOTSTO_NOTSI_AA_CRO 


! clr SI, set AA 
0163 
75D018 
mov 
psw,#SELRB3 


0166 
01DO 
ajmp 
INITSRD 


.sect 
insrd 


.base 
OxdO 


OODO 
7840 
INITSRD: 
mov 
rO,#SRD 


00D2 
7908 
mov 
r1,#8 


00D4 
DODO 
pop 
psw 


00D6 
32 
reti 


!------------------------------------------------- 
! STATE 
: 68, Arbitration lost in SLA and RJW as MST 
! 
Own SLA+W have been received, ACK retumed 


1ACTION 
: DATA will be received and ACK retumed. 


! 
STA is set to restart MST mode after the bus is free again. 


!------------------------------------------------- 
.sect 
srs68 
.base 
Ox168 


0168 
0168 
016E 


75D8E5 
75D018 
01DO 


mov 
S1CON,#ENS1_STA_NOTSTO 
_NOTSI~_CRO 
mov 
psw,#SELRB3 
ajmp 
INITSRD 


!------------------------------------------------- 
! STATE 
: 70, General call has been received, ACK retumed. 


! ACTION 
: DATA will be received and ACK retumed. 
!------------------------------------------------- 
.sect 
srs70 


.base 
Ox170 
S1CON,#ENS1 
NOTSTA 
NOTSTO 
NOTSI AA CRO 
- 
- 
!clr SI,set-AA 
mov 
psw,#SELR83 
! Initialize SRD counter 


ajmp 
initsrd 


!------------------------------------------------- 
! STATE 
: 78, Arbitration lost in SLA+RJW as MST. 
! 
General call has been received, ACK returned. 


!ACTION 
: DATA will be received and ACK retumed. 


! 
STA is set to restart MST mode after the bus is free again. 


!------------------------------------------------- 
.sect 
srs78 


.base 
Ox178 


0178 
0178 
017E 


75D8E5 
75D018 
0100 


mov 
S1CON,#ENS1_STA_NOTSTO_NOTSI_AA_CRO 
mov 
psw,#SELRB3 
! Initialize SRD counter 


ajmp 
INITSRD 


1------------------------------------------------- 
I STATE 
: 80, Previously addressed with own SLA. DATA received, ACK returned. 


I ACTION 
: Read DATA. 
I 
IF received DATA was the last 
! 
THEN superfluous DATA will be received 
and NOT ACK returned 


ELSE next DATA will be received and ACK returned. 
!------------------------------------------------- 
.sect 
srs80 


.base 
Ox180 


0180 
750018 
mov 
psw,#SELRB3 


0183 
A6DA 
mov 
@rO,SlOAT 
! Read received DATA 
0185 
0108 
ajmp 
REC2 


.sect 
srs80s 
.base 
Oxd8 


0008 
0906 
REC2: 
djnz 
r1,NOTLDAT3 


OODA 
75D8C1 
LDAT: 
mov 
S1CON,#ENS1_NOTSTA_NOTSTO_NOTSI_NOTAA_CRO 


!clr 
SI,AA 
0000 
DODO 
pop 
psw 


OODF 
32 
reti 


OOEO 
75D8C5 
NOTLDAT3: 
mov 
S1CON,#ENS1_NOTSTA_NOTSTO_NOTSI_AA_CRO 
! clr SI, set AA 
00E3 
08 
inc 
rO 


00E4 
DODO 
RETsr: 
pop 
psw 


00E6 
32 
reti 


!------------------------------------------------- 
! STATE 
: 88, Previously addressed with own SLA. DATA received NOT ACK returned. 


! ACTION 
: No save of DATA, Enter NOT addressed SLV mode. 


I 
Recognition of own SLA. General call recognized, if S1ADA. 0--1. 
!------------------------------------------------- 
.sect 
srs88 


.base 
Ox188 


!------------------------------------------------- 
! STATE 
: 90, Previously addressed with general call. 


! 
DATA has been received, ACK has been returned. 


! ACTION 
: Read DATA. 


After General call only one byte will be received with ACK 
the second DATA will be received with NOT ACK. 


! 
DATA will be received and NOT ACK retumed. 
!------------------------------------------------- 
.sect 
srs90 


.base 
Ox190 


0190 
0193 
0195 


750018 
A6DA 
01DA 


mov 
psw,#SELRB3 
mov 
@rO,SlOAT 
! Read received DATA 


ajmp 
LDAT 


!------------------------------------------------- 
I STATE 
: 98, Previously addressed with general call. 


! 
DATA has been received, NOT ACK has been retumed. 
! ACTION 
: No save of DATA, Enter NOT addressed SLV mode. 
Recognition of own SLA. General call recognized, if S1ADA. 0--1. 


!------------------------------------------------- 
.sect 
srs98 


.base 
Ox198 


mov 
S1CON,#ENS 1_NOTSTA_NOTSTO_NOTSI_AA_CRO 
! clr SI, set AA 


!------------------------------------------------- 
! STATE 
: AD, A STOP condition or repeated START has been received, 


! 
while still addressed as SLV/REC or SLVITRX. 


! ACTION 
: No save of DATA, Enter NOT addressed SLY mode. 


! 
Recognition of own SLA. General call recognized, if S1ADA. 0-1. 
!------------------------------------------------- 
.sect 
srsAO 


.base 
Ox1aO 


!------------------------------------------------- 
! STATE 
: A8, Own SLA+R received, ACK returned. 


! ACTION 
: DATA will be transmitted, A bit received. 


!------------------------------------------------- 
.sect 
stsa8 


.base 
Ox1a8 


01A8 
8548DA 
01AB 
75D8C5 


01AE 
01E8 


00E8 
75D018 
OOEB 
7948 
ODED 
09 


OOEE 
DODO 
OOFO 
32 


mov 
S1DAT,STD 
! load DATA in S1DAT 


mov 
S1CON,#ENS 1_NOTSTA_NOTSTO_NOTSI_AA_CRO 


! clr SI, set AA 


.sect 
ibase2 


.base 
Oxe8 
INITBASE2: 
mov 
psw,#SELRB3 
mov 
r1,#STD 
inc 
r1 
pop 
psw 
reti 


!------------------------------------------------- 
! STATE 
: BO,Arbitration lost in SLA and RIW as MST. Own SLA+R received, ACK returned. 


! ACTION 
: DATA will be transmitted, A bit received. 
! 
STA is set to restart MST mode after the bus is free again. 


!------------------------------------------------- 
.sect 
stsbO 


.base 
Ox1bO 


01BO 
01B3 
01B6 


8548DA 
75D8E5 
01E8 


mov 
S1DAT,STD 
! load DATA in S1DAT 


mov 
S1CON,#ENS1_STA_NOTSTO_NOTSI_AA_CRO 
ajmp 
INITBASE2 


!------------------------------------------------- 
! STATE 
: B8, DATA has been transmitted, ACK received. 


! ACTION 
: DATA will be transmitted, ACK bit is received. 


!------------------------------------------------- 
.sect 
stsb8 


.base 
Ox1b8 


01B8 
01BB 
01BD 


mov 
psw,#SELRB3 
mov 
S1DAT,@r1 
ajmp 
SCON 


750018 
87DA 
01F8 


OOFB 
OOFC 
OOFE 


09 
DODO 
32 


inc 
r1 
pop 
psw 
reti 
!------------------------------------------------- 
! STATE 
: CO, DATA has been transmitted, NOT ACK received. 


! ACTION 
: Enter not addressed SLY mode. 


!------------------------------------------------- 
.sect 
stsCO 


.base 
Ox1cO 


!------------------------------------------------- 
! STATE 
: C8, Last DATA has been transmitted (AA=O), ACK received. 
I ACTION 
: Enter not addressed SLY mode. 


1------------------------------------------------- 
.sect 
stsc8 


.base 
Ox1c8 


01C8 


01CB 
01CD 


Reset Circuitry 
The reset circuitry for the 8XC552 is connected to the reset pin RST. 
A Schmitt trigger is used at the input for noise rejection (see 
Figure 25). The output of the Schmitt trigger is sampled by the reset 
circuitry every machine cycle. 


A reset is accomplished 
by holding the RST pin HIGH for at least 
two machine cycles (24 oscillator periods) while the oscillator is 
running. The CPU responds by executing an intemal reset. During 
reset, ALE and PSEN output a HIGH level. In order to perform a 
correct reset, this level must not be affected by extemal elements. 
The RST line can also be pulled HIGH internally by a pull-up 
transistor activated by the watchdog timer T3. The length of the 
output pulse from T3 is 3 machine cycles. A pulse of such short 
duration is necessary in order to recover from a processor or system 
fault as fast as possible. 


Note that the short reset pulse from Timer T3 cannot discharge the 
power-on reset capacitor (see Figure 26). Consequently, when the 
watchdog timer is also used to set external devices, this capacitor 
arrangement should not be connected to the RST pin, and a 
different circuit should be used to perform the power-on reset 
operation. A timer T3 overflow, if enabled, will force a reset condition 
to the 8XC552 by an intemal connection, whether the output RST is 
tied LOW or not. 


The intemal reset is executed during the second cycle in which RST 
is HIGH and is repeated every cycle until RST goes low. It leaves 
the internal registers as follows: 


RESGISTER 
CONTENT 


ACC 
0000 
0000 


ADCON 
xxOO 
0000 


ADCH 
xxxx 
xxxx 


B 
0000 
0000 


CMLO-CML2 
0000 
0000 


CMHO-CMH2 
0000 
0000 


CTCON 
0000 
0000 


CTLO-CTL3 
xxxx 
xxxx 


CTHO-CTH3 
xxxx 
xxxx 


DPL 
0000 
0000 


DPH 
0000 
0000 


lEND 
0000 
0000 


IENl 
0000 
0000 


IPO 
0000 
0000 


IPl 
0000 
0000 


PCH 
0000 
0000 


PCL 
0000 
0000 


PCON 
OxxO 
0000 


PSW 
0000 
0000 


PWMO 
0000 
0000 


PWMl 
0000 
0000 


PWMP 
0000 
0000 


PO-P4 
1111 
1111 


PS 
xxxx 
xxxx 


RTE 
0000 
0000 


SOBUF 
xxxx 
xxxx 


SOCON 
0000 
0000 


SlADR 
0000 
0000 


SlCON 
0000 
0000 


SlOAT 
0000 
0000 


SlSTA 
1111 
1000 


SP 
0000 
0111 


STE 
1100 
0000 


TCON 
0000 
0000 


THO, THl 
0000 
0000 


TMH2 
0000 
0000 


TLO, TLl 
0000 
0000 


TML2 
0000 
0000 


TMOD 
0000 
0000 


TM2CON 
0000 
0000 


TM2lR 
0000 
0000 


T3 
0000 
0000 


The internal RAM is not affected by reset. At power-on, the RAM 
content is indeterminate. 


Interrupts 
The aXC552 has fifteen interrupt sources, each of which can be 
assigned one of two priority levels, as shown in Figure 27. The five 
interrupt sources common to the aOC51 are the external interrupts 
(IlIITOand 1l'lTf), the timer 0 and timer 1 interrupts (ITO and In), 
and the serial 110 interrupt (RI or TI). In the aXC552, the standard 
serial interrupt is called SIOO. Since the subsystems which create 
these interrupts are identical on both parts, their functionality is 
likewise identical. The only differences are the locations of the 
enable and priority register configurations and the priority structure. 
This is detailed below along with the specifics of the interrupts 
unique to the aXC552. 


The eight Timer T2 interrupts are generated by flags CTI0-CT13, 
CMI0·CMI2, and by the logical OR of flags T20V and T2BO. Flags 
CTIO to Cn3 
are set by input signals CTOI to CT3i. Flags CMIO to 


CMI2 are set when a match occurs between Timer T2 and the 
compare registers CMO, CM 1, and CM2. When an a-bit or 16-bit 
overflow occurs, flags T2BO and T20V are set, respectively. These 
nine flags are not cleared by hardware and must be reset by 
software to avoid recurring interrupts. 


The ADC interrupt is generated by the ADCI flag in the ADC control 
register (ADCON). This flag is set when an ADC conversion result is 
ready to be read. ADCI is not cleared by hardware and must be 
reset by software to avoid recurring interrupts. 


The 5101 (12C)interrupt is generated by the 51 flag in the 5101 
control register (51 CON). This flag is set when 515TA is loaded 
with a valid status code. 


The ADCI flag may be reset by software. It cannot be set by 
software. All other flags that generate interrupts may be set or 
cleared by software, and the effect is the same as setting or 
resetting the flags by hardware. Thus, interrupts may be generated 
by software and pending interrupts can be canceled by software. 


Interrupt 
Enable Registers: 
Each interrupt source can be 


individually enabled or disabled by setting or clearing a bit in the 
interrupt enable special function registers IENO and IEN 1. All 
interrupt sources can also be globally enabled or disabled by setting 
or clearing bit EA in IENO. The interrupt enable registers are 
described in Figures 2a and 29. 


Interrupt 
Priority 
Structure: 
Each interrupt source can be assigned 


one of two priority levels. Interrupt priority levels are defined by the 
interrupt priority special function registers IPO and IP1. IPOand IP1 
are described in Figures 30 and 31. 


Interrupt priority levels are as follows: 
"O"-1ow priority 
"1"-high 
priority 


A low priority interrupt may be interrupted by a high priority interrupt. 
A high priority interrupt cannot be interrupted by any other interrupt 
source. If two requests of different priority occur simUltaneously, the 


high priority level request is serviced. If requests of the same priority 
are received simultaneously, an internal polling sequence 
determines which request is serviced. Thus, within each priority 
level, there is a second priority structure determined by the polling 
sequence. This second priority structure is shown in Table a. 


The above Priority Within Level structure is only used when there 
are simultaneous requests of the same priority level. 


Interrupt 
Handling: 
The interrupt sources are sampled at 55P2 of 


every machine cycle. The samples are polled during the follOWing 
machine cycle. If one of the flags was in a set condition at 55P2 of 
the previous machine cycle, the polling cycle will find it and the 
interrupt system will generate an LCALL to the appropriate service 
routine, provided this hardware-generated 
LCALL is not blocked by 


any of the following conditions: 
1. An interrupt of higher or equal priority level is already in 


progress. 


2. The current machine cycle is not the final cycle in the execution 
of the instruction in progress. (No interrupt request will be 
serviced until the instruction in progress is completed.) 


3. The instruction in progress is RETI or any access to the interrupt 


priority or interrupt enable registers. (No interrupt will be serviced 
after RETI or after a read or write to IPO, IP1, lEO, or IE1 until at 
least one other instruction has been subsequently executed.) 


The polling cycle is repeated with every machine cycle, and the 
values polled are the values present at 55P2 of the previous 
machine cycle. Note that if an interrupt flag is active but is not being 
responded to because of one of the above conditions, and if the flag 
is inactive when the blocking condition is removed, then the blocked 
interrupt will not be serviced. Thus, the fact that the interrupt flag 
was once active but not serviced is not remembered. Every polling 
cycle is new. 


The processor acknowledges 
an interrupt request by executing a 


hardware-generated 
LCALL to the appropriate service routine. In 


some cases it also clears the flag which generated the interrupt, and 
in others it does not. It clears the Timer 0, Timer 1, and external 
interrupt flags. An external interrupt flag (IEO or IE1) is cleared only 
if it was transition-activated. 
All other interrupt flags are not cleared 


by hardware and must be cleared by the software. The LCALL 
pushes the contents of the program counter on to the stack (but it 
does not save the P5W) and reloads the PC with an address that 
depends on the source of the interrupt being vectored to as shown 
in Table 9. 


Execution proceeds from the vector address until the RETI 
instruction is encountered. The RETI instruction clears the "priority 
level active" flip-flop that was set when this interrupt was 
acknowledged. 
It then pops the top two bytes from the stack and 


reloads the program counter. Execution of the interrupted program 
continues from where it was interrupted. 
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BIT 


IENO.? 


IENO.6 
IENO.S 
IENO.4 
IENO.3 
IENO.2 
IENO.l 
IENO.O 


SYMBOL 


EA 


FUNCTION 


Global enable/disable control 
o = No interrupt is enabled 
1 = Any individually enabled interrupt will be accepted 
Eanble ADC interrupt 
Enable SIOl 
(12C)interrupt 
Enable 8100 (UART) interrupt 
Enable Timer 1 interrupt 
Enable External interrupt 1 
Enable Timer 0 interrupt 
Enable External interrupt 0 


BIT 


IEN1.? 
IEN1.6 
IEN1.S 
IEN1.4 
IEN1.3 
IEN1.2 
IEN1.l 
IEN1.0 


SYMBOL 


ET2 
ECM2 
ECMl 
ECMO 
ECT3 
ECT2 
ECTl 
ECTO 


FUNCTION 


Enable Timer T2 overflow interrupt(s) 
Enable T2 Comparator 2 interrupt 
Enable T2 Comparator 1 interrupt 
Enable T2 Comparator 0 interrupt 
Enable T2 Capture register 3 interrupt 
Enable T2 Capture register 2 interrupt 
.Enable T2 Capture register 1 interrupt 
Enable T2 Capture register 0 interrupt 


In all cases, if the enable bit is 0, then the interrupt is disabled, and if the enable bit is 1, then the interrupt is enabled. 


Figure 29. 
Interrupt 
Enable Register 
(IEN1) 


BIT 
SYMBOL 
FUNCTION 


IPO.? 
Unused 
IPO.6 
PAD 
ADC interrupt priority level 
IPO.S 
P81 
8101 (12C)interrupt priority level 


IPO.4 
P80 
8100 (UART) interrupt priority level 
IPO.3 
PTl 
Timer 1 interrupt priority level 
IPO.2 
PXl 
External interrupt 1 priority level 


IPO.l 
PTO 
Timer 0 interrupt priority level 


IPO.O 
PXO 
External interrupt 0 priority level 


BIT 


IP1.7 
IP1.6 
IP1.5 
IP1.4 
IP1.3 


IP1.2 
IP1.1 
IP1.0 


SYMBOL 


PT2 
PCM2 
PCM1 
PCMO 
PCT3 
PCT2 
PCT1 
PCTO 


FUNCTION 


T2 overflow interrupt(s) priority level 
T2 comparator 2 interrupt priority level 
T2 comparator 1 interrupt priority level 
T2 comparator 0 interrupt priority level 
T2 capture register 3 interrupt priority level 
T2 capture register 2 interrupt priority level 
T2 capture register 1 interrupt priority level 
T2 capture register 0 interrupt priority level 


SOURCE 
NAME 
PRIORITY WITHIN LEVEL 


(highest) 
External interrupt 0 
XO 
i 
8101 (12C) 
81 


ADC completion 
ADC 


Timer 0 overflow 
TO 


T2 capture 0 
CTO 


T2compare 
0 
CMO 


External interrupt 1 
X1 


T2 capture 1 
cn 


T2 compare 1 
CM1 


Timer 1 overflow 
T1 


T2 capture 2 
CT2 


T2 compare 2 
CM2 


8100 (UART) 
80 


T2 capture 3 
CT3 


Timer T2 overflow 
T2 
.l. 


(lowest) 


SOURCE 
NAME 
VECTOR ADDRESS 


External interrupt 0 
XO 
0003H 
Timer 0 overflow 
TO 
OOOBH 
External interrupt 1 
X1 
0013H 
Timer 1 overflow 
T1 
001BH 
8100 (UART) 
80 
0023H 
8101 (12C) 
81 
002BH 
T2 capture 0 
CTO 
0033H 
T2 capture 1 
CT1 
003BH 
T2 capture 2 
CT2 
0043H 
T2 capture 3 
CT3 
004BH 
ADC completion 
ADC 
0053H 
T2 compare 0 
CMO 
005BH 
T2 compare 1 
CM1 
0063H 
T2 compare 2 
CM2 
006BH 
T2overflow 
T2 
0073H 


VO Port Structure 
The 8XC552 has six 8-bit ports. Each port consists of a latch 
(special function registers POto P5), an input buffer, and an output 
driver (port 0 to 4 only). Ports 0-3 are the same as in the 80C51 , 
with the exception of the additional functions of port 1. The parallel 
1/0 function of port 4 is equal to that of ports 1, 2, and 3. Port 5 may 
be used as an input port only. 


Figure 32 shows the bit latch and 1/0 buffer functional diagrams of 
the unique 8XC552 ports. A bit latch corresponds to one bit in a 
port's SFR and is represented as a D type flip-flop. A "write to latch" 
signal from the CPU latches a bit from the intemal bus and a "read 
latch" signal from the CPU places the Q output of the flip-flop on the 
intemal bus. A "read pin" signal from the CPU places the actual port 
pin level on the internal bus. Some instructions that read a port read 
the actual port pin levels, and other instructions read the latch (SFR) 
contents. 


Port 1 Operation 
Port 1 operates the same as it does in the 8051 with the exception 
of port lines P1.6 and Pl.7, which may be selected as the SCL and 
SDA lines of serial port 5101 (12C).Because the 12Cbus may be 
active while the device is disconnected from VDD, these pins are 
provided with open drain drivers. Therefore pins Pl.6 and Pl.7 do 
not have internal pull-ups. 


Port 5 Operation 
Port 5 may be used to input up to 8 analog signals to the ADC. 
Unused ADC inputs may be used to input digital inputs. These 
inputs have an inherent hysteresis to prevent the input logic from 
drawing excessive current from the power lines when driven by 
analog signals. Channel to channel crosstalk (Ct) should be taken 
into consideration when both analog and digital signals are 
simultaneously input to Port 5 (see, D.C. characteristics 
in data 


sheet). 


Port 5 is not bidirectional and may not be configured as an output 
port. All six ports are multifunctional, and their alternate functions 
are listed in Table 10. A more detailed description of these features 
can be found in the relevant parts of this section. 


Pulse Width Modulated 
Outputs 


The 8XC552 contains two pulse width modulated output channels 
(see Figure 33). These channels generate pulses of programmable 
length and interval. The repetition frequency is defined by an 8-bit 
prescaler PWMP, which supplies the clock for the counter. The 
prescaler and counter are common to both PWM channels. The 8-bit 
counter counts modulo 255, I.e., from 0 to 254 inclusive. The value 
of the 8-bit counter is compared to the contents of two registers: 
PWMO and PWM1. Provided the contents of either of these registers 
is greater than the counter value, the corresponding PWfiM5or 
"PWKiIToutput is set LOW. If the contents of these registers are 
equal to, or less than the counter value, the output will be HIGH. The 
pulse-width-ratio 
is therefore defined by the contents of the registers 


PWMO and PWM1. The pulse-width-ratio 
is In the range of 0 to 1 


and may be programmed in increments of 1/255. 


Buffered PWM outputs may be used to drive DC motors. The 
rotation speed of the motor would be proportional to the contents of 
PWMn. The PWM outputs may also be configured as a dual DAC. In 
this application, the PWM outputs must be integrated using 
conventional operational amplifier circuitry. If the resulting output 
voltages have to be accurate, external buffers with their own analog 
supply should be used to buffer the PWM outputs before they are 
integrated. The repetition frequency fpWM, at the PWMn outputs is 
give by: 


fose 
fpWM = 2 x (1 + PWMP) x 255 


This gives a repetition frequency range of 123Hz to 3104kHz (fose = 
16MHz). Atfose = 24MHz, the frequency range is 184Hz to 47.1 Hz. 
By loading the PWM registers with either OOHor FFH, the PWM 
channels will output a constant HIGH or LOW level, respectively. 
Since the 8-bit counter counts modulo 255, it can never actually 
reach the value of the PWM registers when they are loaded with 
FFH. 


When a compare register (PWMO or PWM1) is loaded with a new 
value, the associated output is updated immediately. It does not 
have to wait until the end of the current counter period. Both l'WMii 
output pins are driven by push-pull drivers. These pins are not used 
for any other purpose. 


Prescaler frequency control register PWMP 


PWMP 
(FEH) 
I 
7 
I 


MSB 
I 
1 
I 
0 


LSB 


Reading PWMP gives the current reload value. The actual count of 
the prescaler cannot be read. 


::~~ l=g~l 
7 I 
MSB 


PWMO/l.0-7) 
Lowlhigh ratio ofl'WMii 
= 255(~~~0Mn) 


Analog-to-Digital 
Converter 
The analog input circuitry consists of an 8-input analog mUltiplexer 
and a 10-bit, straight binary, successive approximation 
ADC. The 


analog reference voltage and analog power supplies are connected 
via separate input pins. The conversion takes 50 machine cycles, 
I.e., 37.51'S at an oscillator frequency of 16MHz, 25~s at an oscillator 
frequency of 24M Hz. Input voltage swing is from OV to +5V. 
Because the internal DAC employs a ratiometric potentiometer, 
there are no discontinuities 
in the converter characteristic. 
Figure 34 
shows a functional diagram of the analog input circuitry. 


NOTE: 


Pull-up not present on P1.6 and Pl.7. 


*Two 
period 
active 
pUll-up 
as in the 8OCS1. 


Alternate 


Output 


FunctkM'l 


Int.Bus 
~P5'X 
Pin 


Read Pin 


ToAOC 


PORT PIN 
ALTERNATE FUNCTION 


PO.O 
ADO 
} 


PO.l 
ADl 


PO.2 
AD2 


PO.3 
AD3 
Multiplexed lower order address/data bus used 
PO.4 
AD4 
during external memory accesses 


PO.5 
AD5 


PO.6 
AD6 


PO.7 
AD7 


Pl.0 
CTOI } 


Pl.l 
CTll 
Capture timiner input signals for tirner T2 
Pl.2 
CT21 


Pl.3 
CT31 


Pl.4 
T2 
T2 event input 


Pl.5 
RT2 
T2 timer reset signal. Rising edge triggered 


Pl.6 
SCL 
Serial port clock line 12Cbus 


Pl.7 
SDA 
Serial port data line 12Cbus 


P2.0 
AS 
} 


P2.l 
A9 


P2.2 
Al0 


P2.3 
All 
High order address byte used during 


P2.4 
A12 
external memory accesses 


P2.5 
A13 


P2.6 
A14 


P2.7 
A15 


P3.0 
RxD 
Serial input port (UART) 


P3.l 
TxD 
Serial output port (UART) 


P3.2 
!I'ITO 
External interrupt 0 


P3.3 
1NTl 
External interrupt 1 


P3.4 
TO 
TImer 0 external input 


P3.5 
Tl 
TImer 1 external input 


P3.6 
WR 
External data memory write strobe 


P3.7 
1m' 
External data memory read strobe 


P4.0 
C"S~} 
P4.l 
CMSRl 


P4.2 
CMSR2 
TImer T2: compare and seVreset outputs on a 
P4.3 
CMSR3 
rnatch with timer T2 
P4.4 
CMSR4 


P4.5 
CMSR5} 
P4.6 
CMTO 
Timer T2: compare and toggle outputs on a match 
P4.7 
CMTl 
withtimerT2 


P5.0 
~} 


P5.l 
ADCl 
P5.2 
ADC2 
P5.3 
ADC3 
Eight analogue ADC inputs 
P5.4 
ADC4 
P5.5 
ADC5 
P5.6 
ADC6 
P5.7 
ADC7 


Analog-to-Digital 
Conversion: 
Figure 35 shows the elements of a 


successive approximation 
(SA) ADC. The ADC contains a DAC 


which converts the contents of a successive approximation 
register 


to a voltage (VDAC) which is compared to the analog input voltage 
(Vin). The output of the comparator is fed to the successive 
approximation control logic which controls the successive 
approximation 
register. A conversion is initiated by setting ADCS in 


the ADCON register. ADCS can be set by software only or by either 
hardware or software. 


The software only start mode is selected when control bit ADCON.5 
(ADEX) = O.A conversion is then started by setting control bit 
ADCON.3 (ADCS). The hardware or software start mode is selected 
when ADCON.5 = 1, and a conversion may be started by setting 
ADCON.3 as above or by applying a rising edge to external pin 
STADC. When a conversion is started by applying a rising edge, a 
low level must be applied to STADC for at least one machine cycle 
followed by a high level for at least one machine cycle. 


The low-to-high transition of STADC is recognized at the end of a 
machine cycle, and the conversion commences at the beginning of 
the next cycle. When a conversion is initiated by software, the 
conversion starts at the beginning of the machine cycle which 
follows the instruction that sets ADCS. ADCS is actually 
implemented with two flip-flops: a command flip-flop which is 
affected by set operations, and a status flag which is accessed 
during read operations. 


The next two machine cycles are used to initiate the converter. At 
the end of the first cycle, the ADCS status flag is set and a value of 
"1" will be returned if the ADCS flag is read while the conversion is in 
progress. Sampling of the analog input commences at the end of the 
second cycle. 


During the next eight machine cycles, the voltage at the previously 
selected pin of port 5 is sampled, and this input voltage should be 
stable in order to obtain a useful sample. In any event, the input 


voltage slew rate must be less than 10V/ms in order to prevent an 
undefined result. 


The successive approximation 
control logic first sets the most 


significant bit and clears all other bits in the successive 
approximation 
register (10 0000 OOOOB).The output of the DAC 


(50% full scale) is compared to the input voltage Vin. If the input 
voltage is greater than VDAC, then the bit remains set; otherwise it 
is cleared. 


The successive approximation 
control logic now sets the next most 


signi.ficant bit (11 0000 OOOOBor 01 0000 OOOOB,depending on the 
prevIous result), and VDAC is compared to Vin again. If the input 
voltage is greater than VDAC, then the bit being tested remains set; 
otherwise the bit being tested is cleared. This process is repeated 
until all ten bits have been tested, at which stage the result of the 
conversion is held in the successive approximation 
register. Figure 


36 shows a conversion flow chart. The bit pointer identifies the bit 
under test. The conversion takes four machine cycles per bit. 


The end of the 1O-bit conversion is flagged by control bit ADCON.4 
(ADCI). The upper 8 bits of the result are held in special function 
register ADCH, and the two remaining bits are held in ADCON.7 
(ADC.1) and ADCON.6 (ADC.O). The user may ignore the two least 
significant bits in ADCON and use the ADC as an 8-bit converter (8 
upper bits in ADCH). In any event, the total actual conversion time is 
50 machine cycles for the 8XC552 or 24 machine cycles for the 
8XC562. ADCI will be set and the ADCS status flag will be reset 50 
(or 24) cycles after the command flip-flop (ADCS) is set. 


Control bits ADCON.O, ADCON.1, and ADCON.2 are used to control 
an analog multiplexer which selects one of eight analog channels 
(see Figure 37). An ADC conversion in progress is unaffected by an 
external or software ADC start. The result of a completed 
conversion remains unaffected provided ADCI = logic 1; a new ADC 
conversion already in progress is aborted when the idle or 
power-down mode is entered. The result of a completed conversion 
(ADCI = logic 1) remains unaffected when entering the idle mode. 


Successive 
Approximation 
Register 


Successive 
Approximation 
Control 
Logic 


Start 
Stop 


15/16 
59/64 
----- 
- 
314 
7/8 
29/32 


1/2 


Bit 
Symbol 


AOCON.7 
ADC.l 


ADCON.6 
ADC.a 


AOCON.5 
AOEX 


ADCON.4 
ADCI 


ADCON.3 
ADCS 


ADCON.2 
ADCON.l 
ADCON.a 


AAOR2 
AADR1 
AAORa 


7 
6 
5 


ADCON 
(C5H) I AOC.l I ADC.a I AOEX 


(MSB) 


Function 


4 
3 
2 
1 
0 


AOCI 
ADCS I AAOR21 
AAORl I AAORa I 


(lSB) 


Bit 1 of ADC 
result 


Bit 0 of ADC 
result 


Enable 
external 
start of conversion 
by STADC 
o = Conversion 
can be started 
by software 
only (by setting 
ADCS) 
t = Conversion 
can be started 
by software 
or externally 
(by a rising 
edge on STADC) 


ADC 
interrupt 
flag: this flag is set when 
an NO conversion 
result 
is ready to be read. An interrupt 
is invoked 
If it is enabled. 
The flag may 
be cleared 
by the interrupt 
selVice 
routine. 
While 
this flag is set, the ADC cannot 
start a new conversion. 
ADCI 
cannot 
be set by software. 


ADC start and status: 
setting 
this bit starts 
an AID conversion. 
It may be set by software 
or by the external 
signal 
STAOC. 
The ADC 
logic 
ensures 
that this signal 
is HIGH 
while 
the ADC 
is busy. On completion 
of the conversion, 
AOCS 
is reset 
immediately 
after the interrupt 
flag has been sel. ADCS 
cannot 
be reset 
by software. 
A new conversion 
may not be started 
while 
either 
ADCS 
or ADCI 
is high. 


ADCI 
AOCS 
ADC 
Status 


a 
a 
ADC not busy; 
a conversion 
can be started 
a 
1 
ADC busy; 
start of a new conversion 
is blocked 
1 
a 
Conversion 
completed; 
start of a new conversion 
requires 
ADCI=O 


1 
1 
Conversion 
completed; 
start of a new conversion 
requires 
AOCI=O 


Analogue 
input select: 
this binary 
coded 
address 
selects 
one of the 
eight analogue 
port bits of P5 to be input to the converter. 
It can only 
be changed 
when 
ADCI 
and ADCS 
are both 
LOW. 


AAOR2 
AAORI 
AAORa 
Selected 
Analog 
Channel 


a 
a 
a 
AOCa 
(P5.a) 


a 
a 
1 
ADCl 
(P5.1) 
a 
1 
a 
ADC2 
(P5.2) 


a 
1 
1 
ADC3 
(P5.3) 


1 
a 
a 
ADC4 
(P5.4) 


1 
a 
1 
ADC5 
(P5.5) 
1 
1 
0 
AOC6 
(P5.6) 


1 
1 
1 
ADC7 
(P5.7) 


ADe Resolution and Analog Supply: Figure 38 shows how the 
ADC is realized. The ADC has its own supply pins (AVoo and AVss) 
and two pins (Vref+ and Vref-) connected to each end of the DAC's 
resistance-ladder. The ladder has 1023 equally spaced taps, 
separated by a resistance of "R". The first tap is located 0.5 x R 
above Vref-, and the last tap is located 1.5 x R below Vref+. This 
gives a total ladder resistance of 1024 x R. This structure ensures 
that the DAC is monotonic and results in a symmetrical quantization 
error as shown in Figure 40. 


For input voltages between Vref- and (Vref-) + 1/2 LSB, the 1a-bit 
result of an AID conversion will be 00 0000 OOOOB= OOOH.For input 
voltages between (Vref+) - 3/2 L5B and Vref+, the result of a 
conversion will be 111111 1111B = 3FFH. AVref+ and AVref- may 
be between AVoo + 0.2V and AVss - 0.2V. AVref+ should be 
positive with respect to AVref-, and the input voltage (Vin) should be 
between AVref+ and AVref-. If the analog input voltage range is from 
2V to 4V, then 1a-bit resolution can be obtained over this range if 
AVref+ = 4V and AVref- = 2V. 


The result can always be calculated from the following formula: 


Result = 1024 x 
V'N - AV,.f_ 
AV'.f+ 
- AVref_ 


Total 
resistance 


1023R+2xRl 


= 
1024R 


Power Reduction Modes 
The 8XC552 has two reduced power modes of operation: the idle 
mode and the power-down mode. These modes are entered by 
setting bits in the PCON special function register. When the 8XC552 
enters the idle mode, the following functions are disabled: 


CPU 
TimerT2 
PWMO, PWM1 
ADC 


(halted) 
(halted and reset) 
(reset; outputs are high) 
(conversion aborted if in 
progress). 


In idle mode, the following functions remain active: 


Timer a 
Timer 1 
TimerT3 
51005101 
Extemal interrupts 


When the 8XC552 enters the power-down mode, the oscillator is 
stopped. The power-down mode is entered by setting the PD bit in 
the peON register. The PD bit can only be set if the EW input is tied 
HIGH. 


Successive 
Approximation 
Register 


Successive 
Approximation 
Control Logic 


r------, 
I· 
: 
I 
I 
• 
I 
I 
I 
I SmN+l 
RmN+l I 
IN+l~_-_I-/---JV'.>I'r--t-+--- 


I 
I 
ISmN 
RmN 
I 


I 
I 
L 
.J 


MUltiplexer 


.L 
CcI 


Rm = 0.5 - 3 kohms 
CS + CC = 15pF maximum 
RS = Recommended < 9.6 kohms for 1 LSB @ 12MHz 


NOTE: 
Because the analog to digital converter has a sampled-data comparator, the input looks capacitive to a source. When a conversion 
is initiated, switch Sm closes for 8tcy (811S@ 12MHz crystal frequency) during which time capacitance Cs + Cc is charged. It should 
be noted that the sampling causes the analog input to present a varying load to an analog source. 


Power-Down 
Mode: The instruction that sets PCON.1 will be the 


last instruction executed in the nonnal operating mode before the 
power-down mode is entered. In the power-down mode, the on-chip 
oscillator is stopped. This freezes all functions; only the on-chip 
RAM and special function registers are held. The port pins output 
the contents of their respective special function registers. A 
hardware reset is the only way to terminate the power-down mode. 
Reset re-defines all the special function registers, but does not 
change the on-chip RAM. 


In the power-down mode, Voo and AVoo can be reduced to 
minimize power consumption. Voo and AVoo must not be reduced 
before the power-down mode is entered and must be restored to the 
normal operating voltage before the power-down mode is 
tenninated. The reset that tenninates the power-down mode also 
freezes the oscillator. The reset should not be activated before Voo 
and AVoo are restored to their nonnal operating level, and must be 
held active long enough to allow the oscillator to restart and stabilize 
(normally less than 10ms). 


The status of the external pins during power-down is shown in Table 
11. If the power-down mode is entered while the 8XC552 is 
executing out of external program memory, the port data that is held 
in the P2 special function register is restored to port 2. If a port latch 
contains a "1", the port pin is held HIGH during the power-down 
mode by the strong pull-up transistor. 


Power Control 
Register 
PCON: The idle and power-down modes 


are entered by writing to bits in PCON. PCON is not bit addressable. 
See Figure 41. 


Memory Organization 
The memory organization of the 8XC552 is the same as in the 
80C51 , with the exception that the 8XC552 has 8k ROM, 256 bytes 
RAM, and additional SFRs. Addressing modes are the same in the 
8XC552 and the 80C51. Details of the differences are given in the 
following paragraphs. 


In the 8XC552, the lower 8k of the 64k program memory address 
space is filled by internal ROM. By tying the EA pin high, the 


processor fetches instructions from internal program ROM. Bus 
expansion for accessing program memory from 8k upwards is 
automatic since external instruction fetches occur automatically 
when the program counter exceeds 8191. If the EA pin is tied low, all 
program memory fetches are from external memory. The execution 
speed of the 8XC552 is the same regardless of whether fetches are 
from external or internal program memory. If all storage is on-chip, 
then byte location 8191 should be left vacant to prevent an 
undesired pre-fetch from external program memory address 8192. 


Certain locations in program memory are reserved for specific 
programs. Locations OOOOHto 0002H are reserved for the 
initialization program. Following reset, the CPU always begins 
execution at locations OOOOH.Locations 0003H to 0075H are 
reserved for the fifteen interrupt request service routines. 


Functionally, the internal data memory is the most flexible of the 
address spaces. The internal data memory space is subdivided into 
a 256-byte internal data RAM address space and a 128-byte special 
function register (SFR) address space, as shown in Figure 42. 


The internal data RAM address space is 0 to 255. Four 8-bit register 
banks occupy locations 0 to 31.128 
bit locations of the internal data 


RAM are accessible through direct addressing. These bits reside in 
16 bytes of internal data RAM at locations 20H to 2FH. The stack 
can be located anywhere in the internal data RAM address space by 
loading the 8-bit stack pointer. The stack depth may be 256 bytes 
maximum. 


The SFR address space is 128 to 255. All registers except the 
program counter and the four 8-bit register banks reside in this 
address space. Memory mapping the SFRs allows them to be 
accessed as easily as internal RAM, and as SUCh,they can be 
operated on by most instructions. The 56 SFRs are listed in Figure 
43, and their mapping in the SFR address space is shown in Figures 
44 and 45. RAM bit addresses are the same as in the 80C51 and 
are summarized in Figure 46. The special function bit addresses are 
summarized in Figure 47. 


MODE 
MEMORY 
ALE 
J5SER 
PORTO 
PORT 1 
PORT 2 
PORT 3 
PORT 4 
J5WMllIPWMf 


Idle (1) 
Internal 
1 
1 
Port data 
Port data 
Port data 
Port data 
Port data 
HIGH 


Idle (1) 
External 
1 
1 
Floating 
Port data 
Address 
Port data 
Port data 
HIGH 


Power-down 
Internal 
0 
0 
Port data 
Port data 
Port data 
Port data 
Port data 
HIGH 


Power-down 
External 
0 
0 
Floating 
Port data 
Port data 
Port data 
Port data 
HIGH 


PCON 
(87H) 


BIT 
SYMBOL 


PCON.7 
SMOD 


PCON.6 


PCON.S 


PCON.' 
WLE 


PCON.3 
GFl 


PCON.2 
GFO 


PeON. 
1 
PD 


PCON.O 
IDL 


Double 
Baud 
rate bit. When 
set to logic 
1 the 


baud 
rate is doubled 
when the serial 
port 5100 


is being used in modes 1. 2. or 3. 


(Reserved) 


(Reserved) 


Watchdog 
load enable. 
This flag must be set 
by software prior 10loading timer T3 (watch- 
dog ImBr). 
It is cleared 
when timer T3 is 


loaded. 


General-purpose 
flag bit 


General-purpose 
flag bit 


Power-down 
bit. Setting 
this bit activates 
the 
~wer·down 
mode. 
It can only be set if input 
EW 
is high. 


Idle mode 
bit. Sening 
this bit aclivates 
the idle 


mode. 


If k>gic 15 are written 
to PO and IDL at the 


same time. PO takes precedence. The reset 
value 
of PeON is (OXXOOOOO). 


~ 
Ov.~apped 
Space 


/l!55" 
l!55" 


Upper 
Special 


128 Bytes 
Function 


Indirect 
Internal 
RAM 
Registers 
Direct 


Addressing 
<- 
Addressing 


Only 
Only 


.1.2ll 


127 


!ll 


Addressable { 


127 
'20 


Bits in RAM 
(128 B~s) 
ilZ 
7 
0 


R7 
Bank 3 
Direct 
or 


2! 
RO 
Indirect 


R7 
Addressing 


Bank 2 
~ 
RO 


Registers 
R7 


Bank 1 
8 
RO 


R7 
Bank 
1 


Q 
RO 
, 
...••. 
/ 


Internal 
Data RAM 


ARITHMETIC 
REGISTERS, 


ACCumulator, 
e B register,· 
Program 
Status 
Word· 


PULSE 
WIDTH 
MODULATED 
DIP" 
Pulse 
Width Modulation 
Prescaler 
Pulse Width 
Modulation 
Register 
0, 
Pulse Width 
Modulation 
Register' 
POINTERS, 


Stack 
Pointer, 
Data 
Pointer 
(High and low) 


PARALLEL 
I/O PORTS, 
Port 5,· Port 4,·Port 
3,· 
Port 2: 
Port,: 
Port O· 


CAPTURE 
AND 
COMPARE 
LOGIC, 


CapTure 
CONtrot, 


TiMer 
T2 Interrupt 
flag Register, 


CapTure 
low 
0, CapTure 
High 0, 


CapTure 
low', 
CapTure 
High 
" 


CapTure 
low 
2, CapTure 
High 2, 


CapTure 
low 
3, CapTure 
High 3, 


CoMpare 
low 
0, CoMpare 
High 0, 
CoMpare 
low 
1, CoMpare 
High 
" 


CoMpare 
Low 2, CoMpare 
High 2 


SeT Enable, 
ReseT 
Enable 


SERIAL 
I/O PORTS, 


Serial 
0 CONtrol,· 
Serial 
0 data 
BUFfer, 
Serial 
1 CONtrol,· 
Serial' 
DATa, 


Serial 
1 STAtus, 
Serial' 
ADDress, 
PeON 


TIMERS, 


Timer 
MODe, 
Timer 
CONtrol,· 


Timer 
low 
0, Timer 
High 0, 


Timer 
low', 
Timer 
High', 
TiMer 
T2 CONtrol, 
TiMer 
low 
2, 


Timer 
High 2, Timer 
T3 


INTERRUPT 
SYSTEM: 


Interrupt 
Priority 
0,· 


Interrupt 
Priority 
1,· 


Interrupt 
Enable 
0,· 


Interrupt 
Enable 
1· 


Register 
Direct Byte Ad- 


Mnemonic 
Bit Address 
dress (Hex) 
,.-A----. r------ ------,,-A---, 


~ 
1========================1 
~ 


IP1I 
FF I FE I FD I FC I FB I FA I F91 
F8 [ 
FSH 


F7 I 
FS I 
FS I F41 
F3 I 
F21 
F1 I FO 


EF I EEl 
EDI 
Eel 
EBI 
EA I 
E9 I ES 


B 


RTE 


STE 


tThlH2 


tThlL.2 


CTCON 


TM2CON 


DFI 
DEI 
DDI 
DC I 
DBI 
DA I D9 
I DB 


D71 
061 
Dsl 
041 
D31 
021 
D11 
DO 


CFlcElcDI 
eel 
CBI 
CAI 
c91ea 


cd 
C6 I cs 
I 
C41 
c31 
c21 
cd 
CO 


SlADR 
SlOAT 


'S1STA 


SlCON 


PSW 


tCTH3 


tCTH2 


'CTHl 


tCTHO 


CMH2 


CMH1 


CMHO 


TM2IR 


tADCH 


ADCON 


tPS 


Register 
Direct Byte Ad- 


Mnemonic 
Bit Address 
dress (Hex) 
,.-A----. r------ ~-----, ,-A---, 
., 


RI~I~'oo'oc'w'~'~'~r 


P3 


• CTL3 


• CTL.2 


'CTL1 


'CTLO 


CML.2 


CML1 


CMLO 


lEND 


87 
661 
BS 
B41B31B2 
B1 
SO 


AF 
IAE 
lAD I Aci 
AS 
I AAI 
A9IAS 


A71 
Asl 
AS I 
A41 
A3 
1 A21 
A1 I AO 


9F 
19E 
19D 
19C19B 
19AI 
99T9B 


50BUF 


SOCON 


~IUI9BI~I~I~I~I~I~I 


sFlsETsDTscTsBTSAT89Taa 


TH1 


THO 


TL1 


TLO 


ThlOD 


TCON 


PeON 
~L 
-1-1-1-1-1 •.J 


~H 


SOH 


AFH 


AEH 


ADH 


ACH 


ASH 


AAH 


A9H 


ASH 


AOH 


99H 
SFRs 


98H 


containing 
direcUy 
addressable 
bits 
~H 


SDH 


SCH 


SBH 


8AH 


89H 


aaH 


87H 


83H 


82H 


SlH 


SOH 


127 


g 


Direct { 
Addressing 
(Bits) 
U 


2i 


Register 
16 


Addressing 


I 


g 


Special 
Function 
RegIster. 
~ 
m 
255 
248 
F8H 


248 
FOH 
240 
E8H 
232 
EOH 
224 
D8H 
216 
DOH 


208 
C8H 


200 
COH 
DIrect 


192 
B8H 
Addressing 
184 
BOH 
(Blta) 


176 
A8H 
168 


160 
AOH 


152 
98H 


144 
90H 


136 
88H 


12l 
135 
128 
SOH 


127 
120 


7 
0 


R7 
Bank 3 
RO 


R7 
Bank 2 
RO 


R7 
Bank 
1 


RO 


R7 
Bank 
1 
RO'--v---' 


Direct 
Addressing 


7FH 1 (MSB) 
(lSBt 
127 


7F 
7E 
70 
7C 
7B 
7A 
79 
78 


77 
76 
75 
74 
73 
72 
71 
70 


6F 
6E 
60 
6C 
6B 
6A 
69 
68 


67 
66 
65 
64 
63 
62 
61 
60 


SF 
5E 
50 
5C 
5B 
5A 
59 
58 


57 
56 
55 
54 
53 
52 
51 
50 


4F 
4E 
40 
4C 
4B 
4A 
49 
48 


47 
46 
45 
44 
43 
42 
41 
40 


3F 
3E 
3D 
3C 
3B 
3A 
39 
38 


37 
36 
35 
34 
33 
32 
31 
30 


2F 
2E 
20 
2C 
2B 
2A 
29 
28 


27 
26 
25 
24 
23 
22 
21 
20 


1F 
1E 
10 
1C 
1B 
1A 
19 
18 


17 
16 
15 
14 
13 
12 
11 
10 


OF 
OE 
00 
OC 
OB 
OA 
09 
08 


07 
06 
05 
04 
03 
02 
01 
00 


Bank 3 


Bank 
2 


Bank 1 


Bank 
0 


Direct 
Byte 
Ad- 
Register 


dress 
(Hex) 
Bit Address 
Mnemonic 


~r 
,~ 


PT2 
PeTO 


F8H 
FF 
F8 
IP, 


FOH 
F7 
FO 


ET2 
ECTO 


E8H 
EF 
E8 
IEN1 


EOH 
E7 
EO 
ACC 


CR2 
CRO 


08H 
OF 
DB 
SlCON 


CY 
P 


OOH 
07 
00 
PSW 


CTiO 


C8H 
CF 
C8 
TM21R 


COH 
C7 
CO 
P4 


PXO 


B8H 
8F 
B8 
IPO 


80H 
87 
80 
P3 


EA 
EXO 


ASH 
AF 
AS 
IENO 


AOH 
A7 
AO 
P2 


SMO 
RI 


98H 
9F 
98 
SOCON 


90H 
97 
90 
P1 


TF' 
ITO 


88H 
8F 
88 
TCON 


60H 
87 
80 
PO 


2FH 
47 


2EH 
46 


20H 
45 


2CH 
44 


2BH 
43 


2AH 
42 


29H 
41 


28H 
40 


27H 
39 


26H 
38 


25H 
37 


24H 
36 


23H 
35 


22H 
34 


21H 
~ 


2~ 
32 


1~ 
31 


1~ 
~ 


17H 
23 


10H 
16' 


OFH 
15 


Single-chip 
8-bit microcontroller 
with to-bit AID, capture/compare 
timer, high-speed 
outputs, 
PWM 


DESCRIPTION 
PINCONFIGURATIONS 


The 80C552183C552 
(hereafter 
generically 
~ 


referred 
to as 8XC552) 
Single-Chip 
8-Bit 
0B~. 
Microcontroller 
is manufactured 
in an 
. 
advanced 
CMOS 
process 
and is a derivative 


of the 80C51 
microcontroller 
family. The 


8XC552 
has the same instruction 
set as the 
BUS 


80C51. 
Three versions 
of the derivative 
exist: 


• 83C552-8k 
bytes mask programmable 


ROM 


• 80C552-ROMless 
version 
of the 83C552 
FEATURES 


• 87C552-8k 
bytes EPROM 
(described 
in a 
• 80C51 central 
processing 
unit 
Pln 
Function 
Pln 
function 
separate 
chapter) 
1 
P5.ll/AOCO 
35 
XTAU 


• 8k x 8 ROM expandable 
externally 
to 64k 
2 
Voo 
36 
Vss 
The 8XC552 
contains 
a non-volatile 
8k x 8 
bytes 
3 
STAOC 
37 
Vss 
read-only 
program 
memory 
(83C552), 
a 
• An additional 
16-bit timer/counter 
coupled 
4 ~ 
38 
NC- 


volatile 
256 x 8 readlwrite 
data memory, 
five 
5 
PWm 
39 
P2.ll/A08 
to four capture 
registers 
and three compare 
6 
EW 
40 
P2.1IA09 
8-bit I/O ports, one 8-bit input port, two 16-bit 
registers 
7 
P4.OJCMSRO 
41 
P2.21A10 
timer/event 
counters 
(identical 
to the timers of 
• Two standard 
16-bit timer/counters 
8 
P4.1/CMSR1 
42 
P2.31A11 
the 80C51), 
an additional 
16-bit timer coupled 
9 
P4.2ICMSR2 
43 
P2.41A12 
to capture 
and compare 
latches, 
a 15-source, 
• 256 x 8 RAM, expandable 
externally 
to 64k 
10 
P4.3ICMSR3 
44 
P2.5IA13 
two-priority-Ievel, 
nested 
interrupt 
structure, 
bytes 
11 
P4.4ICMSR4 
45 
P2.61A14 


an 8-input 
ADC, a dual DAC pulse width 
• Capable 
of producing 
eight synchronized, 


12 
P4.5ICMSR5 
46 
P2.7/A15 


modulated 
interface, 
two serial interfaces 
13 
P4.6ICMTO 
47 
I'SEliI 
timed outputs 
14 
P4.71CMT1 
48 
ALE 
(UART and 12C-bus), a "watchdog" 
timer and 
• A 1O-bit ADC with eight multiplexed 
analog 
15 
RST 
49 ~ 
on-chip 
oscillator 
and timing 
circuits. 
For 
18 
P1.ll/CTOI 
50 
PO.7/AD7 
systems 
that require 
extra capability, 
the 
inputs 
17 
P1.1/CTlI 
51 
PO.61AD6 
8XC552 
can be expanded 
using standard 
• Two 8-b~ resolution, 
pulse width 
18 
P1.2ICT21 
52 
PO.5IAD5 


TIL 
compatible 
memories 
and logic. 
modulation 
outputs 
19 
P1.3ICT31 
53 
PO.41AD4 


20 
P1.4IT2 
54 
PO.31AD3 
In addition, 
the 8XC552 
has two software 
• Five 8-bit1/0 
ports plus one 8-bit input port 
21 
P1.5IRT2 
55 
PO.2/AD2 
selectable 
modes of power reduction-idle 
shared with analog 
inputs 
22 
P1.61SCL 
56 
PO.1IAD1 


mode and power-down 
mode. The idle mode 
• 12C-bus serial I/O port with byte oriented 
23 
P1.7/S0A 
57 
PO.ll/AOO 
24 
P3.OIRxD 
58 
AVref- 
freezes 
the CPU while allowing 
the RAM, 
master 
and slave functions 
25 
P3.1rrxe 
59 
AVret+ 
timers, 
serial ports, and interrupt 
system 
to 
• 
Full-duplex 
UART compatible 
with the 
26 
P3.2IIm'O 
60 
AVss 
continue 
functioning. 
The power-down 
mode 
standard 
80C51 
27 
P3.3IlIrrl 
61 
AVoo 
saves the RAM contents 
but freezes 
the 
28 
P3.4IT0 
62 
P5.7/AOC7 
oscillator, 
causing 
all other chip functions 
to 
• On-Chip watchdog 
timer 
29 
P3.5IT1 
63 
P5.61A0C6 
be inoperative. 
• Three speed ranges: 
30 
P3.6IWR 
64 
P5.5IAOC5 
31 
P3.7/1m 
65 
P5.41ADC4 
The device 
also functions 
as an arithmetic 
- 
1.2t016MHz 
32 
NC- 
66 
P5.31A0C3 
processor 
having facilities 
for both binary and 
- 
1.2 to 24MHz 
(ROM, ROMless 
only) 
33 
NC- 
67 
P5.2/ADC2 


BCD arithmetic 
plus bit-handling 
capabilities. 
34 
XTAL2 
68 
P5.lIAOC1 


- 
1.2 to 30MHz 
(ROM, 
ROMless 
only) 


The instruction 
set consists 
of over 100 
-00 NOTCONNECT 
instructions: 
49 one-byte, 
45 two-byte, 
and 
• Three operating 
ambient 
temperature 


17 three-byte. 
With a 16MHz 
(24M Hz) 
ranges: 


crystal, 
58% of the instructions 
are executed 
- 
PCB83C552-5: 
O°C to +70°C 


in 0.751J.S(0.5I1S) and 40% in 1.511S (11J.S). 
- 
PCF83C552-5: 
-40°C 
to +85°C 


Multiply and divide 
instructions 
require 
311S 
(XTAL frequency 
max. 24 MHz) 


(21J.S). 
- 
PCA83C552-5: 
-40°C 
to +125°C 
(XTAL frequency 
max. 16 MHz) 


PLASTIC 
QUAD FLAT PACK 
PIN FUNCTIONS 


PIn 
Function 
PIn 
Function 


1 
P4.1/CMSR1 
41 
P2.3fAl1 


2 
P4.2ICMSR2 
42 
P2.41A12 


3 
NC' 
43 
NC' 


4 
P4.31CMSR3 
44 
NC' 


5 
P4.41CMSR4 
45 
P2.5/A13 


6 
P4.5/CMSR5 
46 
P2.61A14 


7 
P4.61CMTO 
47 
P2.7/A15 


8 
P4.7/CMT1 
48 
I'SEiI 


9 
RST 
49 
ALE 


10 
Pl.OICTot 
50 
Ell 


11 
Pl.11CTlI 
51 
PO.l/AD7 


12 
Pl.2JCT21 
52 
PO.61A06 


13 
Pl.3fCT3I 
53 
PO.51AD5 


14 
Pl.4IT2 
54 
PO.41AD4 


15 
P1.5IRT2 
55 
PO.31AD3 


16 
P1.61SCL 
56 
PO.21AD2 


17 
P1.7/SDA 
57 
PO.l/ADl 


18 
P3.OfRxO 
58 
PO.OIADO 


19 
P3.1/TxD 
59 
AVref- 


20 
P3.2II1'ITll 
60 
AVref+ 


21 
NC' 
61 
AVSS 


22 
NC' 
62 
NC' 


23 
P3.3I11'ITi 
63 
AVDD 


24 
P3.4IT0 
64 
P5.7/ADe7 


25 
P3.5IT1 
65 
P5.61ADe6 


26 
P3.6IWR 
66 
P5.5/ADC5 


27 
P3.7/RU 
67 
P5.4/ADC4 


28 
NC' 
68 
P5.31ADC3 


29 
NC' 
69 
P5.21ADC2 


30 
NC' 
70 
P5.lIADC1 


31 
XTAL2 
71 
P5.OIADCO 


32 
XTAll 
72 
Voo 
33 
IC 
73 
IC 


34 
Vss 
74 
STADe 


35 
Vss 
75 
~ 


36 
Vss 
76 
J'Wm 


37 
NC' 
n 
EW 


38 
P2.OIA08 
78 
NC' 


39 
P2.lIA09 
79 
NC' 


40 
P2.21A10 
80 
P4.0/CMSRO 


• DO NOT CONNECT 
Ie = intemally 
connected 
(do not use) 


VSS 
VDD 


XTAL1 
XTAL2 
Ell 


ALE 
1'SEI'l 
_ 


AVSS 
- 
AVOO 
----... 


AVref+ -+ 
AVref- -+ 
STADC 
_ 


PWMO 
- 
J'Wm 
_ 


ADCo-7 J== 
I 
~--.. 
c.......a: 
_ 


~ --- 
CLO-~~:=: 
~ •......• 
0. 
•......• 


CMTO+-- 
......-.. 


eMTl +-- 
.-.. 


RST 


EW 
- 


@-oE}- 
•......• 
~ 4---+ 
_ 
0_ 
_0.-- - 
•......• - 


LOW ORDER 
ADDRESS 
AND 
DATA 
BUS 


PHILIPS 
NORTH AMERICA PHILIPS 
PART ORDER NUMBER 
PART MARKING 
PART ORDER NUMBER 
DRAWING 
TEMPERATURE 
°C 
FREQ 


ROMless 
ROM 
ROMless 
ROM 
NUMBER 
AND PACKAGE 
MHz 


PCB80C552-5-16WP 
PCB83C552-5WP/xxx 
S80C552-4A68 
S83C552-4A68 
SOT188-3 
o to +70, Plastic Leaded Chip 
16 
Carrier 


PCB80C552-5-16H 
PCB83C552-5H/xxx 
S80C552-4B 
S83C552-4B 
SOT318-2 
o to +70, Plastic Quad Flat Pack 
16 


PCF80C552-5-16WP 
PCF83C552-5WP/xxx 
S80C552-5A68 
S83C552-5A68 
SOT188-3 
-40 to +85, Plastic Leaded Chip 
16 
Carrier 


PCF80C552-5-16H 
PCF83C552-5H/xxx 
S80C552-5B 
S83C552-5B 
SOT318-2 
-40 to +85, Plastic Quad Flat 
16 
Pack 


PCA80C552-5-16WP 
PCA83C552-5WP/xxx 
S80C552-6A68 
S83C552-6A68 
SOT188-3 
-40 to +125, Plastic Leaded Chip 
16 
Carrier 


PCA80C552-5-16H 
PCA83C552-5H/xxx 
S80C552-6B 
S83C552-6B 
SOT318-2 
-40 to +125, Plastic Quad Flat 
16 
Pack 


PCB80C552-5-24WP 
PCB83C552-5WP/xxx 
S80C552-AA68 
S83C552-AA68 
SOT188-3 
o to +70, Plastic Leaded Chip 
24 
Carrier 


PCB80C552-5-24H 
PCB83C552-5H/xxx 
S80C552-AB 
S83C552-AB 
SOT318-2 
o to +70, Plastic Quad Flat Pack 
24 


PCF80C552-5-24WP 
PCF83C552-5WP/xxx 
S80C552-BA68 
S83C552-BA68 
SOT188-3 
-40 to +85, Plastic Leaded Chip 
24 
Carrier 


PCF80C552-5-24H 
PCF83C552-5H/xxx 
S80C552-BB 
S83C552-BB 
SOT318-2 
-40 to +85, Plastic Quad Flat 
24 
Pack 


PCB80C552-5-30WP 
PCB83C552-5WP/xxx 
S80C552-CA68 
S83C552-CA68 
SOT188-3 
o to +70, Plastic Leaded Chip 
30 
Carrier 


PCB80C552-5-30H 
PCB83C552-5H/xxx 
S80C552-CB 
S83C552-CB 
SOT318-2 
o to +70, Plastic Quad Flat Pack 
30 


DRAWING 
TEMPERATURE °c 
FREQ 


EPROM 
NUMBER 
AND PACKAGE 
MHz 


SB7C552-4A6B 
SOT1B8-3 
o to +70, Plastic Leaded Chip 
16 
Carrier 


S87C552-4K68 
1473A 
o to +70, Ceramic Leaded Chip 
16 
Carrier wlWindow 


S87C552-4BA 
SOT318-2 
o to +70, Plastic Quad Flat Pack 
16 


S87C552-5A68 
SOT188-3 
-40 to +85, Plastic Leaded Chip 
16 
Carrier 


S87C552-5K68 
1473A 
-40 to +85, Ceramic Leaded 
16 
Chip Carrier wlWindow 


S87C552·5BA 
SOT318-2 
-40 to +85, Plastic Quad Flat 
16 
Pack 


CD CD 
VDD 
VSS 
....... 
J..... 
_... L ... 
__ . __ . 


TO, T1 


TWO 
16-BIT 
TIMER/EVENT 


COUNTERS 


PROGRAM 
MEMORY 
Bkx8ROM 


DATA 
MEMORY 


256 x8 
RAM 


T2 
16-BIT 
TIMER/ 
EVENT 
COUNTERS 


o ALTERNATE 
FUNCTION 
OF PORT 
0 
OJ ALTERNATE 
FUNCTION 
OF PORT 
1 
o ALTERNATE 
FUNCTION 
OF PORT 
2 


CD 
ALTERNATE 
FUNCTION 
OF PORT 
3 
[3] ALTERNATE 
FUNCTION 
OF PORT 
4 


[}] 
ALTERNATE 
FUNCTION 
OF PORT 
5 


T2 
16 
16-BIT 
COMPARA· 


TORS 
wiTH 
REGISTERS 


AVSS 
AVREF 
AOCo-7 
SDA 
SCL 


JADe 
~~ 
_~ 
_~, 


COMPARA- 


TOR 
OUTPUT 
SELECTION 


T3 
ATCHOOG 
TIMER 


PIN NO. 


MNEMONIC 
PLCC 
QFP 
TYPE 
NAME AND FUNCTION 


VOO 
2 
72 
I 
Digital Power Supply: 
+5V power supply pin during normal operation, idle and 


power-down mode. 


STADC 
3 
74 
I 
Start ADC Operation: 
Input starting analog to digital conversion (ADC operation can also 


be started by software). This pin must not float. 


PWIiilO 
4 
75 
0 
Pulse Width Modulation: 
Output O. 


PWm 
5 
76 
0 
Pulse Width Modulation: 
Output 1. 


m 
6 
77 
I 
Enable Watchdog 
Timer: 
Enable for T3 watchdog timer and disable power-down mode. 


This pin must not float. 


PO.0-PO.7 
57-50 
58-51 
1/0 
Port 0: Port 0 is an 8-bit open-drain bidirectional 1/0 port. Port 0 pins that have 1s written 
to them float and can be used as high-impedance 
inputs. Port 0 is also the multiplexed 


low-order address and data bus during accesses to external program and data memory. In 
this application it uses strong internal pull-ups when emitting 1s. 


P1.0-P1.7 
16-23 
10-17 
1/0 
Port 1: 8·bit 1/0 port. Alternate functions include: 


16-21 
10-15 
1/0 
(P1.0·P1.5): Quasi-bidirectional 
port pins. 


22-23 
16-17 
1/0 
(P1.6. P1.7): Open drain port pins. 


16-19 
10-13 
I 
CTOI-CT31(P1.o-P1.3): Capture timer input signals for timer T2. 
20 
14 
I 
T2 (P1.4): T2 event input. 


21 
15 
I 
RT2 (P1.5): T2 timer reset signal. Rising edge triggered. 
22 
16 
1/0 
SCL (P1.6): Serial port clock line 12C-bus. 


23 
17 
1/0 
SDA (P1.7): Serial port data line 12C-bus. 
Port 1 is also used to input the lower order address byte during EPROM programming and 
verification. AO is on P1.0, etc. 


P2.0·P2.7 
39-46 
38-42, 
1/0 
Port 2: 8-bit quasi-bidirectional 
1/0 port. 


45-47 
Alternate function: High-order address byte for external memory (A08-A 15). 


P3.0-P3.7 
24-31 
18-20, 
1/0 
Port 3: 8-bit quasi-bidirectional 
1/0 port. Alternate functions include: 


23-27 
24 
18 
RxD(P3.0): Serial input port. 
25 
19 
TxD (P3.1): Serial output port. 


26 
20 
mTO (P3.2): External interrupt. 


27 
23 
!RTf (P3.3): External interrupt. 


28 
24 
TO (P3.4): Timer 0 external input. 


29 
25 
T1 (P3.5): Timer 1 external input. 


30 
26 
WFi (P3.6): External data memory write strobe. 


31 
27 
AD (P3.7): External data memory read strobe. 


P4.0-P4.7 
7-14 
80,1-2 
I/O 
Port 4: 8-bit quasi-bidirectional 
1/0 port. Alternate functions include: 


4-8 


7-12 
80,1-2 
0 
CMSRo-CMSR5 
(P4.0-P4.5): Timer T2 compare and set/reset outputs on a match with 
4-6 
timerT2. 


13,14 
7,8 
0 
CMTO. CMT1 (P4.6. P4.7): Timer T2 compare and toggle outputs on a match with timer T2. 


P5.0-P5.7 
68-62, 
71-64, 
I 
Port 5: 8·bit input port. 


1 
ADCO-ADC7 (P5.o-P5.7): Alternate function: Eight input channels to ADC. 


RST 
15 
9 
1/0 
Reset: Input to reset the 8XC552. It also provides a reset pulse as output when timer T3 
overflows. 


XTAL1 
35 
32 
I 
Crystal 
Input 1: Input to the inverting amplifier that fonms the oscillator, and input to the 


internal clock generator. Receives the external clock signal when an external oscillator is 
used. 


XTAL2 
34 
31 
0 
Crystal 
Input 2: Output of the inverting amplifier that fonms the oscillator. Left open-circuit 


when an external clock is used. 


PIN NO. 


MNEMONIC 
PLCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
36,37 
34-36 
I 
Two Digital ground 
pins. 


15SEfJ 
47 
48 
0 
Program 
Store Enable: Active-low read strobe to external program memory. 


ALE 
48 
49 
0 
Address 
Latch Enable: Latches the low byte of the address during accesses to external 


memory. It is activated every six oscillator periods. During an extemal data memory 
access, one ALE pulse is skipped. ALE can drive up to eight LS TTL inputs and handles 
CMOS inputs without an extemal pull-Up. 


EA 
49 
50 
I 
External 
Access: 
When EA is held at TTL level high. the CPU executes out of the internal 


program ROM provided the program counter is less than 8192. When EA is held at TTL 
low level, the CPU executes out of external program memory. EA is not allowed to float. 


AVREF- 
58 
59 
I 
Analog to Digital Conversion 
Reference 
Resistor: 
Low-end. 


AVREF+ 
59 
60 
I 
Analog to Digital Conversion 
Reference 
Resistor: 
High-end. 


AVss 
60 
61 
I 
Analog 
Ground 


AVDD 
61 
63 
I 
Analog 
Power Supply 


NOTE: 
1. To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher or lower than VDD + 0.5V or Vss - 0.5V, 
respectively. 


OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 3-531. 


To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the 
external clock signal, because the input to 
the internal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is , 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on VDD and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 
In the idle mode, the CPU puts itself to sleep 
while some of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 


remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER·DOWN 
MODE 


In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register PCON. Table 1 
shows the state of the 1/0 ports during low 
current operating modes. 


PROGRAM 
PWMOI 
MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 
PORT 4 
PWM1 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 
Data 
1 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 
Data 
1 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 
Data 
1 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 
Data 
1 


Serial Control Register (51 CON) - See Table 2 


SlCON(D8H) 
CR2 ENSl 
STA 
STO 


Bits CRO, CR1 and CR2 determine 
the serial clock frequency 
that is generated 
in the master mode of operation. 


BIT FREQUENCY (kHz) AT fosc 


CR2 
CR1 
CRO 
6MHz 
12MHz 
16MHz 
24MHz2 
30MHz2 
fosc 
DIVIDED BY 


0 
0 
0 
23 
47 
62.5 
94 
117 1 
256 
0 
0 
1 
27 
54 
71 
107 
1 
134 
1 
224 
0 
1 
0 
31 
63 
83.3 
125 
1 
156 
1 
192 
0 
1 
1 
37 
75 
100 
150 
1 
188 
1 
160 
1 
0 
0 
6.25 
12.5 
17 
25 
31 
960 
1 
0 
1 
50 
100 
133 
1 
200 
1 
250 
1 
120 
1 
1 
0 
100 
200 
267 
1 
400 
1 
500 
1 
60 
1 
1 
1 
0.24 < 62.5 
0.49 < 62.5 
0.65 < 55.6 
0.98 < 50.0 
1.22 < 52.1 
96 x (256 - (reload value Timer 1)) 
0<255 
0<254 
0<253 
0<251 
0<250 
reload value Timer 1 in Mode 2. 


NOTES: 
1. These frequencies exceed the upper limit of 100kHz of the 12C-busspecification and cannot be used in an 12C-busapplication. 
2. At fose = 24MHzI 30MHz the maximum 12Cbus rate of 100kHz cannot be realized due to the fixed divider rates. 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°C 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Input, output DC current on any single 1/0 pin 
5.0 
mA 


Power dissipation 
1.0 
W 
(based on package heat transfer limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


SUPPLY VOLTAGE (V) 
FREQUENCY (MHz) 


TYPE 
MIN 
MAX 
MIN 
MAX 
TEMPERATURE 
RANGE eC) 


PCB83(0)C552-5-16 
4.0 
6.0 
1.2 
16 
o to +70 


PCF83(0)C552-5-16 
4.0 
6.0 
1.2 
16 
-40 to +85 


PCA83(0)C552-5-16 
. 
, 
4.5 
5.5 
1.2 
16 
-40 to +125 


PCB83(0)C552-5-24 
4.5 
5.5 
1.2 
24 
o to +70 


PCF83(0)C552-5-24 
4.5 
5.5 
1.2 
24 
-40 to +85 


PCB83(0)C552-5-30 
4.5 
5.5 
1.2 
30 
o to +70 


DC ELECTRICAL 
CHARACTERISTICS 


vss 
AVss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


100 
Supply current operating: 
See notes 1 and 2 


PCB8XC552-5-16 
lose = 16MHz 
45 
mA 


PCF8XC552-5-16 
lose = 16MHz 
45 
mA 


PCA8XC552-5-16 
lose = 16MHz 
40 
mA 


PCB8XC552-5-24 
lose = 24MHz 
55 
mA 


PCF8XC552-5-24 
lose = 24MHz 
55 
mA 


PCB8XC552-5-30 
lose = 30MHz 
68 
mA 


110 
Idle mode: 
See notes 1 and 3 


PCB8XC552-5-16 
lose = 16MHz 
10 
mA 


PCF8XC552-5-16 
lose = 16MHz 
10 
mA 


PCA8XC552-5-16 
lose = 16MHz 
9 
mA 
PCB8XC552-5-24 
lose = 24MHz 
12.5 
mA 
PCF8XC552-5-24 
lose = 24MHz 
12.5 
mA 
PCB8XC552-5-30 
lose = 30MHz 
15 
mA 


Ipo 
Power-down current: 
See notes 1 and 4; 
2V < Vpo < Voo max 
PCB8XC552 
50 
IJA 


PCF8XC552 
50 
IJA 


PCA8XC552 
150 
IJA 


Inputs 


VIL 
Input low voltage, except E7\, Pl.6, Pl.7 
-{).5 
0.2Voo-{)·1 
V 


VIL1 
Input low voltage to E7\ 
-{).5 
0.2Voo-{)·3 
V 


V1L2 
Input low voltage to Pl.6/SCL, 
Pl.7/SDA5 
-{).5 
0.3Voo 
V 


VIH 
Input high voltage, except XTAL1, RST, Pl.6/SCL, 
Pl.7/SDA 
0.2Voo+0.9 
Voo+0.5 
V 


VIHl 
Input high voltage, XTAL 1, RST 
0.7Voo 
Voo+0.5 
V 


VIH2 
Input high voltage, Pl.6/SCL, 
Pl.7/SDA5 
O·7Voo 
6.0 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 4, except Pl.6, Pl. 7 
VIN = 0.45V 
-50 
IJA 


ITL 
Logicall-to-O 
transition current, ports 1,2,3,4, 
except Pl.6, Pl.7 
See note 6 
-650 
IJA 


±IIL1 
Input leakage current, port 0, E7\, STADC, EW 
0.45V < VI < Voo 
10 
IJA 


±11L2 
Input leakage current, Pl.61SCL, Pl.7/SDA 
OV<VI<6V 
10 
IJA 
OV < Voo < 5.5V 


±IIL3 
Input leakage current, port 5 
0.45V < VI < Voo 
1 
IJA 


Outputs 


VOL 
Output low voltage, ports 1, 2, 3, 4, except Pl.6, Pl.7 
IOL= 1.6mA7 
0.45 
V 


VOL1 
Output low voltage, port 0, ALE, f'SEI\I, 
1'WIiiIO, I'Wf;ff 
IOL=3.2mA7 
0.45 
V 


VOL2 
Output low voltage, Pl.6/SCL, 
Pl.7/SDA 
IOL=3.0mA7 
0.4 
V 


VOH 
Output high voltage, ports 1,2,3,4, 
except Pl.61SCL, Pl.7/SDA 
Voo=5V 
+10% 


-IOH = 601JA 
2.4 
V 


-IOH = 251JA 
0.75Voo 
V 


-IOH = 101JA 
0.9Voo 
V 


TEST 
I 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
I 
MIN 
MAX 
I UNIT 


Outputs (Continued) 


VOH1 
Output ~&hMOI~ort 
0 in external bus mode, ALE, 
Voo=5V 
+10% 
PSrn, 
, 
)8 
-IOH = 40011A 
2.4 
V 


-IOH = 15011A 
0.75Voo 
V 


-IOH = 4011A 
0.9Voo 
V 


VOH2 
Output high voltage (RST) 
-IOH = 40011A 
2.4 
V 


-IOH = 12011A 
0.8Voo 
V 


RRST 
Internal reset pull-down resistor 
50 
150 
kO 


CIO 
Pin capacitance 
Test freq = 1MHz, 
10 
pF 


Tamb= 25°C 


Analog Inputs 


AVoo 
Analog supply voltage: 
PCB8XC552-5·16 
AVoo = Voo±O·2V 
4.0 
6.0 
V 
PCF8XC552-5-16 
AVoo = Voo±O·2V 
4.0 
6.0 
V 
PCA8XC552-5-16 
AVoo = Voo±O·2V 
4.5 
5.5 
V 
PCB8XC552·5-24 
AVoo = Voo±O·2V 
4.5 
5.5 
V 
PCF8XC552·5-24 
AVoo = Voo±O·2V 
4.5 
5.5 
V 
PCB8XC552-5-30 
AVoo = Voo±O.2V 
4.5 
5.5 
V 


Aloo 
Analog supply current: operating: (16MHz) 
Port 5 = 0 to AVoo 
1.2 
mA 
Analog supply current: operating: (24M Hz, 30M Hz) 
Port 5 = 0 to AVoo 
1.0 
mA 


Allo 
Idle mode: 


PCB8XC552-5-16 
50 
I1A 
PCF8XC552-5-16 
50 
I1A 


PCA8XC552·5·16 
100 
I1A 


PCB8XC552-5-24 
50 
I1A 


PCF8XC552-5-24 
50 
I1A 


PCB8XC552-5-30 
50 
I1A 


AIpo 
Power-down mode: 
2V < AVpo < AVoo max 


PCB8XC552 
50 
I1A 
PCF8XC552 
50 
I1A 
PCA8XC552 
100 
I1A 


AVIN 
Analog input voltage 
AVss-O·2 
AVoo+0.2 
V 


AVREF 
Reference voltage: 


AVREF- 
AVss-O·2 
V 


AVREF+ 
AVoo+0.2 
V 


RREF 
Resistance between AVREF+and AVREF- 
10 
50 
kO 


CIA 
Analog input capacitance 
15 
pF 


tAoS 
Sampling time 
8ley 
v.s 


tAoe 
Conversion time (including sampling time) 
5°ley 
I-'S 


DLe 
Differential non-linearity10, 11,12 
±1 
LSB 


ILe 
Integral non-linearity10, 13 
±2 
LSB 


OS. 
Offset error10, 14 
±2 
LSB 


TEST 
UMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
I 
MAX 
UNIT 


Analog Inputs (continued) 


Ge 
Gain error10, 15 
±O.4 
% 


Ae 
Absolute voltage error10, 16 
±3 
LSB 


MeTe 
Channel to channel matching 
±1 
LSB 


C\ 
Crosstalk between inputs of port 517 
Q-100kHz 
-60 
dB 


NOTES FOR DC ELECTRICAL CHARACTERISTICS: 
1. See Figures 10 through 15 for 100 test conditions. 
2. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with tr = tf = 10ns; V1L= Vss + 0.5V; 
VIH = Voo - 0.5V; XTAL2 not connected; EA = RST = Port 0 = EW = Voo; STADC = Vss. 


3. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with lr = tf = 10ns; VIL = Vss + 0.5V; 


V1H= Voo - 0.5V; XTAL2 not connected; Port 0 = EW = Voo; EA = RST = STADC = Vss. 
4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = EW = Voo; 


EA=RST=STADC=XTAl1 
=Vss. 


5. 
The input threshold voltage of P1.6 and P1.7 (SI01) meets the 
12C specification, so an input voltage below 1.5V will be recognized as a logic 
o while an input voltage above 3.0V will be recognized as a logic 1. 


6. 
Pins of ports 1 (except P1.6, P1.7), 2, 3, and 4 source a transition current when they are being externally driven from 1 to O.The transition 
current reaches its maximum value when VIN is approximately 2V. 


7. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
8. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall below the 0.9Voo specification when the 
address bits are stabilizing. 


9. The following condition must not be exceeded: Voo - 0.2V < AVoo < Voo + 0.2V. 
10. Conditions: AVREF_= OV;AVoo = 5.0V, AVREF+(80C552, 83C552) = 5.12V. ADC is monotonic with no missing codes. Measurement 
by 
continuous conversion of AVIN = -20mV to 5.12V in steps of 0.5mV. 
11.The differential non-linearity (DLe) is the difference between the actual step width and the ideal step width. (See Figure 1.) 
12.The ADC is monotonic; there are no missing codes. 
13.The integral non-linearity (Ile) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 
appropriate adjustment of gain and offset error. (See Figure 1.) 
14.The offset error (OSe) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 


a straight line which fits the ideal transfer curve. (See Figure 1.) 
15.The gain error (Ge) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error), 
and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. (See Figure 1.) 


16.The absolute voltage error (Ae) is the maximum difference between the center of the steps of the actual transfer curve of the non-calibrated 


ADC and the ideal transfer curve. 


17.This should be considered when both analog and digital signals are simultaneously input to port 5. 


u 


{ 
, 
LSB = AVREF+ - AVREF-} 
1024 


(1) 
Example 
of an actual 
transfer 
curve. 


(2) 
The ideal transfer 
curve. 


(3) 
Differential 
non-linearity 
(Ole). 


(4) 
Integral 
non-linearity 
(Ile). 


(5) 
Center 
of a step of the actual 
transfer 
curve. 


AC ELECTRICAL 
CHARACTERISTICS1, 
2 


16 MHz version 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1!tcLCL 
2 
Oscillator frequency 
1.2 
16 
MHz 


lLHLL 
2 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
2 
Address valid to ALE low 
8 
lcLCL-55 
ns 


tLLAX 
2 
Address hold after ALE low 
28 
lcLCL-35 
ns 


tLLlV 
2 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


lLLPL 
2 
ALE low to 'f5S'E1iIlow 
23 
lcLCL-40 
ns 


tpLPH 
2 
'f5S'E1iIpulse width 
143 
3lcLCL-45 
ns 


tPLIV 
2 
'f5S'E1iIlowto valid instruction in 
83 
3lcLCL-105 
ns 


tPXIX 
2 
Input instruction hold after 'f5S'E1iI 
0 
0 
ns 


tPXIZ 
2 
Input instruction float after 'f5S'E1iI 
38 
lcLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
208 
5lcLCL-105 
ns 


tpLAZ 
2 
'f5S'E1iIlowto address float 
10 
10 
ns 


Data Memory 


tRLRH 
3 
'F'!U pulse width 
275 
6lcLCL-100 
ns 


tWLWH 
4 
WR 
pulse width 
275 
6lcLCL-100 
ns 


tRLOV 
3 
'F'!U low to valid data in 
148 
5lcLCL-165 
ns 


tRHOX 
3 
Data hold after 'F'!U 
0 
0 
ns 


tRHOZ 
3 
Data float after 'F'!U 
55 
2lcLCL-70 
ns 


lLLOV 
3 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVOV 
3 
Address to valid data in 
398 
9lcLCL-165 
ns 


tLLWL 
3,4 
ALE low to 'F'!U or WR 
low 
138 
238 
3tCLCL-50 
3tCLCL+50 
ns 


tAVWL 
3,4 
Address valid to WR low or 'F'!U low 
120 
4lcLCL-130 
ns 


tavwx 
4 
Data valid to WR transition 
3 
lcLCL-60 
ns 


tow 
4 
Data before WR 
288 
7lcLCL-150 
ns 


tWHQX 
4 
Data hold after WR 
13 
lcLCL-50 
ns 


tRLAZ 
3 
'F'!U low to add ress float 
0 
0 
ns 


tWHLH 
3,4 
'F'!U or WR high to ALE high 
23 
103 
tCLCL-40 
lcLCL+40 
ns 


External 
Clock 


lcHCX 
5 
High time4 
20 
20 
ns 


lcLCX 
5 
Lowtime4 
20 
20 
ns 


lcLCH 
5 
Risetime4 
20 
20 
ns 


lcHCL 
5 
Falltime4 
20 
20 
ns 


Serial Timing 
- Shift Register 
Mode4 (Test Conditions: Tamb = O°Cto +70°C; Vss = OV; Load Capacitance = 80pF) 


tXLXL 
6 
Serial port clock cycle time 
0.75 
12lcLCL 
I1S 


taVXH 
6 
Output data setup to clock rising edge 
492 
10lcLCL-133 
ns 


tXHQX 
6 
Output data hold after clock rising edge 
8 
2lcLCL-117 
ns 


tXHOX 
6 
Input data hold after clock rising edge 
0 
0 
ns 


tXHOV 
6 
Clock rising edge to input data valid 
492 
1OlcLCL-133 
ns 
NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and 'f5S'E1iI= 100pF, load capacitance for all other outputs = 80pF. 
3. 
lcLCL = 1/fosc = one oscillator clock period. 
lcLCL = 83.3ns at fosc = 12MHz. 
lcLCL = 62.5ns at fosc = 16MHz. 
4. These values are characterized but not 100% production tested. 


AC ELECTRICAL 
CHARACTERISTICS 
(Continued)l, 
2 


24/30 
MHz version 


24MHzCLOCK 
30MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
UNIT 


lltcLCL 
2 
Oscillator frequency 
1.2 
24 
MHz 


It.HLL 
2 
ALE pulse width 
43 
27 
2lcLCL-40 
ns 


tAVLL 
2 
Address valid to ALE low 
17 
8 
tCLCL-25 
ns 


It.LAX 
2 
Address hold after ALE low 
17 
8 
lcLCL-25 
ns 


It.L1V 
2 
ALE low to valid instruction in 
102 
68 
4lcLCL~5 
ns 


It.LPL 
2 
ALE low to 'F'SElIIlow 
17 
8 
tCLCL-25 
ns 


tPLPH 
2 
'F'SElIIpulse width 
80 
55 
3lcLCL-45 
ns 


tpLiv 
2 
'F'SElIIlow to valid instruction in 
65 
40 
3lcLCL~0 
ns 


tPXIX 
2 
Input instruction hold after 'F'SElII 
0 
0 
0 
ns 


tPXIZ 
2 
Input instruction float after 'F'SElII 
17 
8 
tCLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
128 
87 
5lcLCL-80 
ns 


lpLAZ 
2 
'F'SElIIlow to address float 
10 
10 
10 
ns 


Data Memory 


tRLRH 
3 
AU pulse width 
150 
100 
6lcLCL-l00 
ns 


tWLWH 
4 
WR pulse width 
150 
100 
6lcLCL-l00 
ns 


tRLDV 
3 
AU low to valid data in 
118 
77 
5lcLCL-90 
ns 


tRHDX 
3 
Data hold after AU 
0 
0 
0 
ns 


tRHDZ 
3 
Data float after AU 
55 
39 
2lcLCL-28 
ns 


tiDV 
3 
ALE low to valid data in 
183 
117 
8lcLCL-150 
ns 


tAVDV 
3 
Address to valid data in 
210 
135 
9lcLCL-165 
ns 


It.LWL 
3,4 
ALE low to AU or WR low 
75 
175 
50 
150 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
3,4 
Address valid to WR low or AU low 
92 
58 
4lcLCL-75 
ns 


tavwx 
4 
Data valid to WR transition 
12 
3 
tCLCL-30 
ns 


low 
4 
Data before WR 
162 
103 
7lcLCL-130 
ns 


tWHQX 
4 
Data hold after WR 
17 
8 
tCLCL-25 
ns 


tRLAZ 
3 
AU low to address float 
0 
0 
0 
ns 


tWHLH 
3,4 
AU or WR high to ALE high 
17 
67 
8 
58 
tCLCL-25 
lcLCL+25 
ns 


External 
Clock 


lcHCX 
5 
Hightime3 
17 
15 
17 
ns 


lcLCX 
5 
Lowtime3 
17 
15 
17 
ns 


lcLCH 
5 
Risetime3 
5 
3 
20 
ns 


lcHCL 
5 
Falltime3 
5 
3 
20 
ns 


Serial Timing 
- Shift Register 
Mode3 (Test Conditions: Tamb = O°Cto +70°C; Vss = OV; Load Capacitance = 80pF) 


tXLXL 
6 
Serial port clock cycle time 
0.5 
0.4 
12lcLCL 
1'5 


taVXH 
6 
Output data setup to clock rising edge 
283 
200 
lOlcLCL-133 
ns 


tXHQX 
6 
Output data hold after clock rising edge 
23 
6.6 
2lcLCL~0 
ns 


tXHDX 
6 
Input data hold after clock rising edge 
0 
0 
0 
ns 


tXHDV 
6 
Clock rising edge to input data valid 
283 
200 
10lcLCL-133 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and 'F'SElII = 100pF, load capacitance for all other outputs = 80pF. 


3. 
These values are characterized but not 100% production tested. 
4. 
lcLCL = l/fosc = one oscillator clock period. 
lcLCL = 41. 7ns at fosc = 24MHz. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 


12CInterface 
(Refer to Figure 9) 


tHD;STA 
START condition hold time 
~ 14 'cLCL 
>4.0~1 


!Low 
SCLlowtime 
~ 16 'cLCL 
>4.7~1 


tHIGH 
SCL high time 
~ 14 'cLCL 
>4.0~1 


tRC 
SCLrisetime 
,; l!'s 
_2 


tFC 
SCL fall time 
';0.3!,s 
<0.3~3 


tsU;DAT1 
Data set-up time 
~ 250ns 
> 20 'cLCL - tAD 


tSU;DAT2 
SDA set-up time (before rep. START cond.) 
~ 250ns 
> l!'s 
1 


tSU;DAT3 
SDA set-up time (before STOP cond.) 
~ 250ns 
> 8 'cLCL 


tHD;DAT 
Data hold time 
~ Ons 
> 8 'cLCL - tFC 


tsU;STA 
Repeated START set-up time 
~ 14 'cLCL 
>4.7~1 


tSU;STO 
STOP condition set-up time 
~ 14 'cLCL 
>4.0~1 


!aUF 
Bus free time 
~ 14 'cLCL 
>4.7~1 


tAD 
SDArisetime 
,; l!'s 
_2 


tFD 
SDAfalitime 
';0.3~ 
<0.3~3 
NOTES: 
1. At 100 kbitls. At other bit rates this value is inversely proportional to the bit-rate of 100 kbitls. 
2. 
Determined by the extemal bus-line capacitance and the extemal bus-line pull-resistor, this must be < 1~. 
3. 
Spikes on the SDA and SCL lines with a duration of less than 3 tCLCLwill be filtered out. Maximum capacitance on bus-lines SDA and 
SCL =400pF. 


4. 
'cLCL = l/fosc 
= one oscillator clock period at pin XTAL 1. For 62ns, 42ns, 33.3ns < tCLCL< 285ns (16MHz, 24M Hz, 30MHz > fosc > 
1.2MHz) the SI01 interface meets the 12C-busspecification for bit-rates up to 100 kbitls. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
a - Output data 


first character is always 'f (= time). The other 
R - m:; signal 


characters, depending on their positions, 
t 
- 
Time 


indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W - 
WFI signal 
A - 
Address 
X - 
No longer a valid logic level 


c-a~ 
Z-~al 
D - 
Input data 
Examples: 
tAVLL= Time for address valid to 


H - 
Logic level high 
ALE low. 
I 
- 
Instrucijon (program memory contents) 
tLLPL= Time lor ALE low to 


L - 
Logic level low, or ALE 
l'SEl'J low. 


p - 
l'SEl'J 


r- tXLXL-1 


OUTPUT 
DATA, 


t 
WRITE 
TO SBUF 


INPUT 
DATA 
'----t' 


CLEAR 
RI 


VDo-<l5 =x 
>C 
o 2VDD+O 
9 


o 45V 
._0_2V_D_o-<l 
__ 
' 
_ 


NOTE: 


AC INPUTS 
DURING 
TESTING 
ARE 
DRIVEN 
AT VDo-<l.5 
FOR A lOGIC 
'" 
AND 


O.45V FOR A lOGIC 
'0'. TIMING 
MEASUREMENTS 
ARE 
MADE 
AT VIH 
MIN FOR A 


lOGIC 
',' 
AND Vll 
MAX FOR A lOGIC 
'(1. 


TIMING 


REFERENCE 


POINTS 


NOTE, 


FOR TIMING 
PURPOSES, 
A PORT 
1$ NO lONGER 
FlOATING 
WHEN 
A l00MY 


CHANGE 
FROM 
LOAD VOLTAGE 
OCCURS. 
AND BEGINS 
TO FLOAT 
WHEN 
A 


,OOrnv CHANGE 
FROM 
THE 
lOADED 
VOWVOllEVEl 
OCCURS. 
loHilol 
~ ± 
2omA. 


/ 
START 
oonemoo 


0.7 VCC 


0.3VCC 


(1) 
Maximum 
operating 
mode; Vee:z: 
6V 


(2) 
Maximum 
operating 
mode; Vee = 4V 


(3) 
Maximum 
idle mode; Veo 
= 6V 


(4) 
Maximum idle modle; VOO = 4V 


60 


50 


40 


100,IomA 
30 


20 


10 


0 
0 
4 
8 


t(MHz) 


(1) 
Maximum 
operating 
mode; VOO = 5.5V 


(2) 
Maximum 
operating 
mode; VOO 
= 4.5V 


(3) 
MaJOmum idle modle; VOO 
.5.5V 


(4) 
Maximum 
idle mode; Veo = ".5V 


Figure 12. 100Test Condition, 
Active 
Mode 


All other pins are disconnected' 


voo-Q·S 
• - - - 
O.NOO 


O.SV 
O.2VOO-O.l 


'cHCL- 
'cLC 


Figure 13. 100Test Condition, 
Idle Mode 


All other pins are disconnected2 


'cHC 


'cLCH 


P1.6 


P1.7 


RST 


STADe 


Figure 14. Clock Signal Waveform 
for 100Tests in Active 


and Idle Modes tCLCH= 'cHCL = 5ns 
Figure 15. 100Test Condition, 
Power Down Mode 


All other pins are disconnected. 
Voo = 2V to 5.5113 


NOTES: 
1. Active Mode: 


a. The following pins must be forced to Voo: EA, RST, Port 0, and EW. 
b. The following pins must be forced to Vss: 
STADC, AVss, and AVref-. 


c. 
Ports 1.6 and 1.7 should be connec1ed to Voo through resistors of sufficientiy high value such that the sink current into these pins cannot 
exceed the 10L1spec of these pins. 
d. The following pins must be disconnected: 
XTAL2 and all pins not specified above. 


2. 
Idle Mode: 
a. 
The following pins must be forced to Voo: 
Port 0 and EW. 


b. The following pins must be forced to Vss: 
RST, STADC, AVss" AVref_,and EA. 


c. 
Ports 1.6 and 1.7 should be connec1ed to Voo through resistors of sufficientiy high value such that the sink current into these pins cannot 
exceed the 10L' spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 


d. The following pins must be disconnected: 
XTAL2 and all pins not specified above. 


3. 
Power Down Mode: 
a. 
The following pins must be forced to Voo: 
Port 0 and EW. 
b. The following pins must be forced to Vss: 
RST, STADC, XTAL 1, AVss" AVref-, and EA. 
c. 
Ports 1.6 and 1.7 should be connec1ed to Voo through resistors of sUfficientiy high value such that the sink current into these pins cannot 
exceed the IOL' spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 


d. 
The following pins must be disconnec1ed: XTAL2 and all pins not specified above. 


Purchase of Philips 12Ccomponents conveys a license under the Philips' 12Cpatent 
to use the components in the 12C system provided the system conforms to the 
12Cspecifications defined by Philips. This specification can be ordered using the 
code 9398 393 40011. 


Single-chip 
8-bit microcontroller 
with to-bit AID, capture/compare 
timer, high-speed 
outputs, 
PWM 


DESCRIPTION 
PINCONFIGURATIONS 


The B7C552 Single-Chip B-Bit MicrocontroUer r; 
is manufactured in an advanced CMOS 
0 (.=) ~ 


process and is a derivative of the BOC51 
microcontroller family. The B7C552 has the 
same instruction set as the BOC51. Three 
versions of the derivative exist: 
BUS 


• B3C552-8k 
bytes mask programmable 


ROM 


• BOC552-ROMless 
version of the B3C552 


• B7C552-8k 
bytes EPROM 


The B7C552 contains a Bk x B a volatile 
256 x B readlwrite data memory, five B-bitl/O 
ports, one B-bit input port, two 16-bit 
timer/event counters (identical to the timers of 
the BOC51), an additional 16-bit timer coupled 
to capture and compare latches, a 15-source, 
two-priority-Ievel, 
nested interrupt structure, 
an B-input ADC, a dual DAC pulse width 
modulated interface, two serial interfaces 
(UART and 12C-bus), a "watchdog" timer and 
on-ehip oscillator and timing circuits. For 
systems that require extra capability, the 
B7C552 can be expanded using standard 
TIL compatible memories and logic. 


In addition, the B7C552 has two software 
selectable modes of power reduction-idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial ports, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 


The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte. and 
17 three-byte. With a 16MHz (24MHz) 
crystal, 5B% of the instructions are executed 
in 0.751'S (0.5I1S)and 40% in 1.51'S(11'S). 
Multiply and divide instructions require 311S 
(21'S). 


• BOC51central processing unit 


• Bk x B EPROM expandable externally to 
64k bytes 


• An additional 16-bit timer/counter coupled 


to four capture registers and three compare 
registers 


• Two standard 16-bit timer/counters 


• 256 x B RAM, expandable externally to 64k 


bytes 


• Capable of producing eight synChronized, 
timed outputs 


• A 1O-bit ADC with eight multipleXed analog 


inputs 


• Two B-bit resolution, pulse width 
modulation outputs 


• Rve B-bit I/O ports plus one B-bit input port 


shared with analog inputs 


• 12C-busserial I/O port with byte oriented 
master and slave functions 


• Full-duplex UART compatible with the 
standard BOC51 


• On-Chip watchdog timer 


• Three speed ranges: 


- 
16MHz 


• Extended temperature ranges 


• OTP package available 


Pin 
Function 
Pin 
Function 


1 
P5.Q/ADCO 
35 
XTALI 


2 
Voo 
36 
Vss 


3 
STADe 
37 
Vss 


4 
I'WMll 
38 
NC 


5 
I'WM1 
39 
P2.Q/AOS 


6 
EW 
40 
P2.1IA09 


7 
P4.OICMSAO 
41 
P2.21Al0 


8 
P4.1/CMSRI 
42 
P2.3/All 


9 
P4.2ICMSR2 
43 
P2.41AI2 


10 
P4.3ICMSR3 
44 
P2.51AI3 


11 
P4.4ICMSR4 
45 
P2.81AI4 


12 
P4.5ICMSR5 
48 
P2.7/AI5 


13 
P4.8ICMTO 
47 
I'SER 


14 
P4.7/CMTI 
48 
ALEJI'ROll' 


15 
RST 
49 
ElWpp 


16 
Pl.OICTOI 
50 
PO.7/AC7 


17 
Pl.1/CTlI 
51 
PO.8IAOe 


18 
Pl.2ICT21 
52 
PO.51A05 
19 
Pl.3ICT3I 
53 
PO.41A04 


20 
P1.-41T2 
54 
PO.31A03 


21 
Pl.5IRT2 
55 
PO.21A02 


22 
Pl.61SCL 
58 
PO.1IACI 


23 
Pl.7/SDA 
57 
PO.Q/AOO 


24 
P3.OIRxO 
58 
AVr. 


25 
P3.1/TxO 
59 
AVref. 


26 
P3.2I!RTll 
80 
AVss 


27 
P3.3IrnTi 
61 
AVoc 


28 
P3.4ITO 
82 
P5.7/ADC7 


29 
P3.5IT1 
83 
P5.81ADC8 


30 
P3.6IWR 
84 
P5.51ADCS 


31 
P3.71RD 
65 
P5.41ADC4 


32 
NC 
86 
P5.31ADC3 


33 
NC 
87 
P5.21ADC2 


34 
XTAL2 
68 
P5.1IADCl 


PLASTIC 
QUAD FLAT PACK PIN FUNCTIONS 


Pin 
FunctIon 
Pin 
Function 
Pin 
Function 
Pin 
Function 
, 
P4.,ICMSR' 
21 
NC 
4' 
P2.31A11 
6' 
AVSS 


2 
P4.2!CMSR2 
22 
NC 
42 
P2.4/A'2 
62 
NC 


80 
65 
3 
NC 
23 
P3.3I1Im" 
43 
NC 
63 
AVOC 


4 
P4.31CMSR3 
24 
P3.4ITO 
44 
NC 
64 
P5.7/ADC7 


5 
P4.4/CMSR4 
25 
P3.5IT, 
45 
P2.51A'3 
65 
P5.61ADC6 


6 
P4.5ICMSR5 
26 
P3.6IWR 
46 
P2.61A'4 
66 
P5.51ADC5 


64 
7 
P4.61CMTO 
27 
P3.71RO 
47 
P2.7/A15 
67 
P5.4/ADC4 


8 
P4.7ICMT1 
28 
NC 
48 
I'SEN 
68 
P5.31ADC3 


9 
RST 
29 
NC 
49 
AlEIPROO 
69 
P5.21ADC2 


10 
P1.OICTOI 
30 
NC 
50 
r;mpp 
70 
P5.1/ADC' 


11 
P1.1/Cnl 
3' 
XTAL2 
5' 
PO.7/AD7 
7' 
P5.Q/ADCO 


'2 
P1.2!CT21 
32 
XTAL, 
52 
PO.61AD6 
72 
VOO 
24 
4' 
13 
P1.31CT31 
33 
IC 
53 
PO.51AD5 
73 
IC 


'4 
P'.41T2 
34 
VSS 
54 
PO.4/AD4 
74 
STADC 


'5 
P1.5IRT2 
35 
VSS 
55 
PO.31AD3 
75 
PWI;\O 


'6 
P1.61SCL 
36 
Vss 
56 
PO.21A02 
76 
PWm 
25 
40 


'7 
P1.7/SDA 
37 
NC 
57 
PO.1/AD' 
n 
rn 


'8 
P3.OIRxD 
38 
P2.OIA08 
58 
PO.OIADO 
78 
NC 


'9 
P3.11TxD 
39 
P2.1/A09 
59 
AVref- 
79 
NC 


20 
P3.2II1'rnl 
40 
P2.21A,0 
60 
AVref+ 
80 
P4.Q/CMSRO 


NC ::::Not Connected 
Ie = Inlemally 
Connected 
(do not use) 


SUOO209 


Vss 
VDD 


XTAL1 
XTAL2 


~ 
I'SEN _ 


AVSS 
- 


AVDD 
- 


AVref+ 
~ 


AVref- 
----.. 


STADe 
----.. 


PWI;\O 
- 
PWm_ 


ADCO-7t 
=: 


I 
~- 
l-+a: 
_ 
~ --- 


CMSR(}5 i:=: 
L ..- 
•... - 
~:=: 


CMTO""'- 
.•..•..• 


CMn+- 
.•.....• 


RST 
rn - 


........ 
~oEt 
•......• 
1<- 
•......• 
0_ 
•......•..- 
•......• - 
•......• - 


lOW 
ORDER 
ADDRESS 
AND 
DATA BUS 
........ 
t 
+- 
CTOI 
•......• 
~ 
CT11 
.--... 
4- 
CT21 
•.......••. ;: '4- 
eT31 
:=: 2:= ~~2 
•......• 
_SCl 


:=:~~_SDA 
•......• - 
........N- 
•......• 
I< - 
HIGH 
ORDER 
•......• 
~ _ 
ADg~~S~U"tD 
•......• - 
•......• - 
•......• 
. 


•......• ~- 
RxDIDATA 
•......• 
~ 
TxDlClOCK 


•.......••. 
co)....-- 
TNTO 
•......•1<- rnTl 
•......• 
~+-TO 
•.......••. 
......- 
T1 
•......• 
_WR 
•......• 
-Rll 


PHILIPS 
NORTH AMERICA PHILIPS 
PART ORDER NUMBER 
PART MARKING 
PART ORDER NUMBER 
DRAWING 
TEMPERATURE 
°C 
FREQ 


ROMless 
ROM 
ROMless 
ROM 
NUMBER 
AND PACKAGE 
MHz 


PCBBOC552-5-16WP 
PCBB3C552-5WP/xxx 
SBOC552-4A6B 
SB3C552-4A6B 
SOT188-3 
o to +70, Plastic Leaded Chip 
16 
Carrier 


PCBBOC552-5-16H 
PCB83C552-5H/xxx 
S80C552-4B 
S83C552-4B 
SOT31 B-2 
o to +70, Plastic Quad Flat Pack 
16 


PCFBOC552-5-16WP 
PCFB3C552-5WP/xxx 
S80C552-5A68 
SB3C552-5A6B 
SOT18B-3 
-40 to +B5, Plastic Leaded Chip 
16 
Carrier 


PCF80C552-5-16H 
PCF83C552-5H/xxx 
SBOC552-5B 
SB3C552-5B 
SOT318-2 
-40 to +85, Plastic Quad Flat 
16 
Pack 


PCA80C552-5-16WP 
PCAB3C552-5WP/xxx 
SBOC552-6A6B 
S83C552-6A68 
SOT1BB-3 
-40 to +125, Plastic Leaded Chip 
16 
Carrier 


PCA80C552-5-16H 
PCAB3C552-5H/xxx 
SBOC552-6B 
S83C552-6B 
SOT318-2 
-40 to +125, Plastic Quad Flat 
16 
Pack 


PCB80C552-5-24WP 
PCBB3C552-5WP/xxx 
SBOC552-AA68 
S83C552-AA6B 
SOT1BB-3 
o to +70, Plastic Leaded Chip 
24 
Carrier 


PCBBOC552-5-24H 
PCBB3C552-5H/xxx 
SBOC552-AB 
SB3C552-AB 
SOT31 B-2 
o to +70, Plastic Quad Flat Pack 
24 


PCFBOC552-5-24WP 
PCFB3C552-5WP/xxx 
S80C552-BA6B 
SB3C552-BA6B 
SOT1BB-3 
-40 to +B5, Plastic Leaded Chip 
24 
Carrier 


PCFBOC552-5-24H 
PCFB3C552-5H/xxx 
S80C552-BB 
SB3C552-BB 
SOT31 B-2 
-40 to +B5, Plastic Quad Flat 
24 
Pack 


PCBBOC552-5-30WP 
PCBB3C552-5WP/xxx 
SBOC552-CA6B 
SB3C552-CA6B 
SOT1B8-3 
o to +70, Plastic Leaded Chip 
30 
Carrier 


PCBBOC552-5-30H 
PCBB3C552-5H/xxx 
SBOC552-CB 
SB3C552-CB 
SOT31 B-2 
o to +70, Plastic Quad Flat Pack 
30 


DRAWING 
TEMPERATURE °C 
FREQ 


EPROM 
NUMBER 
AND PACKAGE 
MHz 


S87C552·4A68 
SOT188·3 
o to +70, Plastic Leaded Chip 
16 
Carrier 


S87C552·4K68 
1473A 
o to +70, Ceramic Leaded Chip 
16 
Carrier wlWindow 


S87C552·4BA 
SOT318·2 
o to +70, Plastic Quad Flat Pack 
16 


S87C552·5A68 
SOT188·3 
-40 to +85, Plastic Leaded Chip 
16 
Carrier 


S87C552·5K68 
1473A 
-40 to +85, Ceramic Leaded 
16 
Chip Carrier wlWindow 


S87C552·5BA 
SOT318·2 
-40 to +85, Plastic Quad Flat 
16 
Pack 


ITJ ITJ 
VDD 
VSS 
_________ 
-' 
L 
_ 


I'SEi<I-- 
ITJ~ 
~ 
ITJ~ 
----.- 
[EJ' 
/1' 
"- 


AOO-7 


" 
--v 
0: 
A< 
AS-15~:l 


TO. T1 
TWO 
16-BlT 
TlMERlEVENT 
COUNTERS 


[EJ ALTERNATE 
FUNCTION 
OF PORT 0 
Q] ALTERNATE 
FUNCTION 
OF PORT 
1 
o ALTERNATE 
FUNCTION 
OF PORT 
2 


PROGRAM 
MEMORY 


Bk xB 
EPROM 


DATA 


MEMORY 
256 x 8 RAM 


8-BIT 
INTERNAL 
BUS 


1~ 


FOUR 
16-BIT 
CAPTURE 
LATCHES 


T2 
16·BIT 
TIMER! 
EVENT 
COUNTERS 


ITJ 
ALTERNATE 
FUNCTION 
OF PORT 
3 


[!J 
ALTERNATE 
FUNCTION 
OF PORT 
4 


[I] 
AlTERNATE 
FUNCTION 
OF PORT 
5 


I'W"m 
P>WT 
AVSS 
AVREF 
ADCo-7 
SDA 
SCL 


AVOO 
siADC 
I[I] Q] OJ 
f i-,~-- 


8OC51 CORE 
~ > 
EXCLUDING 


ROMIRAM 


7 
~ 7 


« ~ 
~ 
;:" 


'< 
7 
~ 7 


PARALLEL 
110 
SERIAL 


PORTS 
AND 
UART 
EXTERNAL 
BUS 
PORT 


WAT6~DOG 
TIMER 


PIN NO. 


MNEMONIC 
PlCC 
QFP 
TYPE 
NAME AND FUNCTION 


VOO 
2 
72 
I 
Digital Power Supply: 
+5V power supply pin during normal operation, idle and 


power-down mode. 


STADC 
3 
74 
I 
Start ADC Operation: 
Input starting analog to digital conversion (ADC operation can also 


be started by software). 


'F'WMO 
4 
75 
0 
Pulse Width Modulation: 
Output O. 


J5WMl 
5 
76 
0 
Pulse Width Modulation: 
Output 1. 


EW 
6 
77 
I 
Enable Watchdog 
Timer: 
Enable for T3 watchdog timer and disable power-down mode. 


PO.0-PO.7 
57-50 
58-51 
1/0 
Port 0: Port 0 is an 8-bit open-drain bidirectional 1/0 port. Port 0 pins that have 1s written 
to them float and can be used as high-impedance 
inputs. Port 0 is also the multiplexed 


low-order address and data bus during accesses to extemal program and data memory. In 
this application it uses strong intemal pull-ups when emitting 1s. Port 0 is also used to Input 
the code byte during programming and to output the code byte during verification. 


Pl.0-Pl.7 
16-23 
10-17 
1/0 
Port 1: 8-bitl/0 
port. Altemate functions include: 


16-21 
10-15 
1/0 
(P1.o-P1.5): Quasi-bidirectional 
port pins. 


22-23 
16-17 
1/0 
(P1.6. P1.7): Open drain port pins. 


16-19 
10-13 
I 
CTOI-CT31(P1.o-P1.3): Capture timer input signals for timer T2. 


20 
14 
I 
T2 (P1.4): T2 event input. 


21 
15 
I 
RT2 (P1.5): T2timer 
reset signal. Rising edge triggered. 


22 
16 
1/0 
SCl 
(P1.6): Serial port clock line 12C-bus. 


23 
17 
I/O 
SDA (P1.7): Serial port data line 12C-bus. 
Port 1 is also used to input the lower order address byte during EPROM programming and 
verification. AO is on Pl.0, etc. 


P2.0-P2.7 
39-46 
38-42, 
1/0 
Port 2: 8-bit quasi-bidirectional 
1/0 port. 
45-47 
A1temate function: High-order address byte for extemal memory (A08-A 15). Port 2 is also 
used to input the upper order address during EPROM programming and verification. A8 is 
on P2.0, A9 on P2.1, through A12 on P2.4. 


P3.0-P3.7 
24-31 
18·20, 
1/0 
Port 3: 8·bit quasi-bidirectional 
1/0 port. A1temate functions include: 
23-27 


24 
18 
RxD(P3.0): Serial input port. 
25 
19 
TxD (P3.1): Serial output port. 


26 
20 
lNTlI (P3.2): Extemal interrupt. 


27 
23 
lNTf (P3.3): Extemal interrupt. 


28 
24 
TO (P3.4): limer 
0 extemal input. 


29 
25 
T1 (P3.5): limer 
1 extemal input. 


30 
26 
WR (P3.6): Extemal data memory write strobe. 
31 
27 
1m" (P3.7): Extemal data memory read strobe. 


P4.0-P4.7 
7-14 
80,1·2 
1/0 
Port 4: 8-bit quasi-bidirectional 
1/0 port. Alternate functions include: 
4-8 


7·12 
80,1-2 
0 
CMSRD-CMSR5 (P4.o-P4.5): limer T2 compare and set/reset outputs on a match with 
4-6 
timerT2. 
13,14 
7,8 
0 
CMTO. CMT1 (P4.6. P4.7): limer 
T2 compare and toggle outputs on a match with timer T2. 


P5.0-P5.7 
68-62, 
71-64, 
I 
Port 5: 8-bit input port. 
1 
ADCo-ADC7 
(P5.o-P5.7): Alternate function: Eight input channels to ADC. 


RST 
15 
9 
1/0 
Reset: Input to reset the 87C552. It also provides a reset pulse as output when timer T3 
overflows. 


XTAll 
35 
32 
I 
Crystal 
Input 1: Input to the inverting amplifier that forms the oscillator, and input to the 


internal clock generator. Receives the external clock signal when an external oscillator is 
used. 


XTAL2 
34 
31 
0 
Crystal 
Input 2: Output of the inverting amplifier that forms the oscillator. Left open-circuit 


when an extemal clock is used. 


Vss 
36,37 
34-36 
I 
Digital ground. 


15SEN 
47 
48 
0 
Program 
Store Enable: Active-low read strobe to extemal program memory. 


PIN NO. 


MNEMONIC 
PlCC 
OFP 
TYPE 
NAME AND FUNCTION 


ALE.IPFlO"G 
48 
49 
0 
Address 
latch 
Enable: Latches the low byte of the address during accesses to external 


memory. It is activated every six oscillator periods. During an external data memory 
access, one ALE pulse is skipped. ALE can drive up to eight LS TIL inputs and handles 
CMOS inputs without an external pull-up. This pin is also the program pulse input (F'ROO) 
during EPROM programming. 


T!ANpp 
49 
50 
I 
External 
Access: 
When EA is held at TIL level high, the CPU executes out of the internal 


program ROM provided the program counter is less than 8192. When EA is held at TIL 
low level, the CPU executes out of external program memory. EA is not allowed to float. 
This pin al~o receives the 12.75V programming supply voltage (Vpp) during EPROM 
programming. 


AVREF- 
58 
59 
I 
Analog 
to Digital Conversion 
Reference 
Resistor: 
Low-end. 


AVREF+ 
59 
60 
I 
Analog to Digital Conversion 
Reference 
Resistor: 
High-end. 


AVss 
60 
61 
I 
Analog 
Ground 


AVDD 
61 
63 
I 
Analog 
Power Supply 


NOTE: 
1. To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher or lower than VDD + 0.5V or Vss - 0.5V, 


respectively. 


OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol. 


To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the dutY cycle of the 
external clock signal, because the input to 
the internal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on VDD and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 
In the idle mode, the CPU puts itself to sleep 
while some of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 


remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 


In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register PCON. Table 1 
shows the state of the I/O ports during low 
current operating modes. 


PROGRAM 
PWMOI 
MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 
PORT 4 
PWM1 


Idle 
Inlernal 
1 
1 
Dala 
Data 
Data 
Data 
Data 
High 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 
Data 
High 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 
Data 
High 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 
Data 
High 


BIT FREQUENCY (kHz) AT fose 


CR2 
CR1 
CRO 
6MHz 
12MHz 
16MHz 
fose DIVIDED BY 


0 
0 
0 
23 
47 
62.5 
256 


0 
0 
1 
27 
54 
71 
224 


0 
1 
0 
31.25 
62.5 
83.3 
192 


0 
1 
1 
37 
75 
100 
160 


1 
0 
0 
6.25 
12.5 
17 
960 


1 
0 
1 
50 
100 
133 1 
120 


1 
1 
0 
100 
200 
267 
1 
60 


1 
1 
1 
0.25 < 62.5 
0.5 < 62.5 
0.67 <56 
96 x (256 - (reload value Timer 1» 


a to 225 
o to 224 
a to 223 
Timer 1 in Mode 2. 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
~5to+150 
·C 


Voltage on r=l'Npp to Vss 
-{).5 to +13 
V 


Voltage on any other pin to Vss 
-{).5 to +6.5 
V 


Input, output DC current on any single I/O pin 
5.0 
mA 


Power 
dissipation 
(based 
on 
package 
heat 
transfer 
limitations, 
not 
device 
power 
1.0 
W 


consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperafure range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


SUPPLY VOLTAGE (V) 
FREQUENCY (MHz) 


TYPE 
MIN 
MAX 
MIN 
MAX 
TEMPERATURE 
RANGE eC) 


P87C552·4 
4.5 
5.5 
3.5 
16 
o to +70 


P87C552·5 
4.5 
5.5 
3.5 
16 
-40 to +85 


DC ELECTRICAL 
CHARACTERISTICS 


vss, AVss = OV 


TEST 
UMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


100 
Supply current operating: 
See notes 1 and 2 


PCA8XC552-5-16 
lose = 16MHz 
40 
mA 


110 
Idle mode: 
See notes 1 and 3 


87C552 
lose = 16MHz 
7 
mA 


Ipo 
Power-down current: 
See notes 1 and 4; 


2V < Vpo < Voo max 
87C552 
50 
IIA 


Inputs 


VIL 
Input low voltage, except EA, Pl.6, Pl.7 
-<l.5 
0.2Voo-<l·1 
V 


V1L1 
Input low voltage to EA 
-<l.5 
0.2Voo-<l·3 
V 


VIL2 
Input low voltage to Pl.6/SCL, 
Pl.7/SDAs 
-<l.5 
0.3Voo 
V 


VIH 
Input high voltage, except XTAL 1, RST 
0.2Voo-Kl·9 
Voo-Kl·5 
V 


VIHl 
Input high voltage, XTAL 1, RST 
O·7Voo 
Voo+0.5 
V 


VIH2 
Input high voltage, Pl.6/SCL, 
Pl.7/SDAs 
O·7Voo 
6.0 
V 


IlL 
Logical a input current, ports 1,2,3,4, 
except Pl.6, Pl.7 
VIN= 0.45V 
-50 
IIA 


ITL 
Logicall-to-O 
transition current, ports 1,2,3,4, 
except Pl.6, Pl.7 
See note 6 
-650 
IIA 


±11L1 
Input leakage current, port 0, EA, STADC, EW 
0.45V < VI < Voo 
10 
IIA 


±11L2 
Input leakage current, Pl.6/SCL, 
Pl.7/SDA 
OV<VI<6V 
10 
IIA 
ov < Voo < 5.5V 


±IIL3 
Input leakage current, port 5 
0.45V < VI < Voo 
1 
IIA 


Outputs 


VOL 
Output low voltage, ports 1, 2, 3, 4, except Pl.6, Pl.7 
IOL= 1.6mA7 
0.45 
V 


VOL1 
~VJ£11tlow voltage, port 0, ALE, "F'SEI'I, "PWf:jlQ, 
IOL= 3.2mA7 
0.45 
V 


VOL2 
Output low voltage, Pl.6/SCL, 
Pl.7/SDA 
IOL= 3.0mA7 
0.4 
V 


VOH 
Output high voltage, ports 1, 2, 3, 4, except Pl.6/SCL, 
Pl.7/SDA 
-IOH = 6011A 
2.4 
V 


-IOH = 2511A 
0.75Voo 
V 


-IOH = lallA 
0.9Voo 
V 


VOH1 
Output ~~MVOltage (port a in external bus mode, ALE, 
"F'SEI'I, 
, J5WM1)8 
-IOH= 400llA 
2.4 
V 


-IOH = 150llA 
0.75Voo 
V 
-IOH = 4011A 
0.9Voo 
V 


VOH2 
Output high voltage (RST) 
-IOH = 40011A 
2.4 
V 


-IOH = 120llA 
0.8Voo 
V 


RRST 
Internal reset pull-down resistor 
50 
150 
kQ 


CIO 
Pin capacitance 
Test Ireq = 1MHz, 
10 
pF 
Tamb = 25°C 


Analog 
Inputs 


AVoo 
Analog supply voltage: 


87C5529 
AVoo = Voo±O·2V 
4.5 
5.5 
V 


Aloo 
Analog supply current: operating: 
Port 5 = a to AVoo 
1.2 
mA 


AIIO 
Idle mode: 


87C552 
50 
IIA 


Alpo 
Power-down mode: 
2V < AVpo < AVoo max 
87C552 
50 
IIA 


TEST 
LIMITS 
I 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
I UNIT 


Analog 
Inputs 
(Continued) 


AVIN 
Analog input vonage 
AVss-O·2 
AVoo+0.2 
V 


AVREF 
Reference voltage: 


AVREF- 
AVss-O·2 
V 


AVREF+ 
AVoo+0.2 
V 


RREF 
Resistance between AVREF+and AVREF- 
10 
50 
k!l 


CIA 
Analog input capacitance 
15 
pF 


tAOS 
Sampling time 
B!cy 
lIS 


tAoe 
Conversion time (including sampling time) 
50!cy 
lIS 


DLe 
Differential non-linearity10. 11.12 
±1 
LSB 


ILe 
Integral non-linearity10. 13 
±2 
LSB 


OSe 
Offset error 10.14 
±2 
LSB 


Ge 
Gain error10. 15 
±O.4 
% 


Ae 
Absolute voltage error1O.16 
±3 
LSB 


MCTC 
Channel to channel matching 
±1 
LSB 


Ct 
Crosstalk between inputs of port 517 
(}-100kHz 
-60 
dB 
NOTES FOR DC ELECTRICAL 
CHARACTERISTICS: 


1. See Figures 10 through 15 for 100test conditions. 
2. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with tr = tf = 10ns; VIL = Vss + 0.5V; 


VIH = Voo - 0.5V; XTAL2 not connected; Ell = RST = Port 0 = EW = Voo; STADC = Vss. 


3. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with tr = tf = 10ns; VIL = Vss + 0.5V; 


VIH = Voo - 0.5V; XTAL2 not connected; Port 0 = EW = Voo; Ell = RST = STADC = Vss. 
4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = EW = Voo; 
Ell = RST = STADC = XTAL 1 = Vss. 


5. The input threshold voltage of Pl.6 and Pl.7 (SI01) meets the 12Cspecification. so an input voltage below 1.5V will be recognized as a logic 


o while an input voltage above 3.0V will be recognized as a logic 1. 
6. 
Pins of ports 1 (except Pl.6, P1.7), 2, 3, and 4 source a transition current when they are being externally driven from 1 to O.The transition 
current reaches its maximum value when V1Nis approximately 2V. 
7. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed O.BV.In such cases, it may be desirable to qUalify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input IOLcan exceed these conditions provided that no 
single output sinks more than SmA and no more than two outputs exceed the test conditions. 
B. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall below the 0.9Voo specification when the 
address bits are stabilizing. 
9. The following condition must not be exceeded: Voo - 0.2V < AVoo < Voo + 0.2V. 
10. Conditions: AVREF- = OV;AVoo = 5.OV. Measurement by continuous conversion of AVIN= -20mV to 5.12V in steps of 0.5mV, derivating 
parameters from collected conversion results of ADC. AVREF+(B7C552) = 4.977V. ADC is monotonic with no missing codes. 


11.The differential non-linearity (DLe) is the difference between the actual step width and the ideal step width. (See Figure 1.) 
12.The ADC is monotonic; there are no missing codes. 
13.The integral non-linearity (ILe) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 
appropriate adjustment of gain and offset error. (See Figure 1.) 


14. The offset error (OSe) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 
a straight line which fits the ideal transfer curve. (See Figure 1.) 
15.The gain error (Ge) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error), 


and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. (See Figure 1.) 
16. The absolute voltage error (Ae) is the maximum difference between the center of the steps of the actual transfer curve of the non-calibrated 
ADC and the ideal transfer curve. 
17.This should be considered when both analog and digital signals are simultaneously input to port 5. 


u 


(1) 
Example of an actual transfer curve. 


(2) 
The ideal transfer curve. 
(3) 
Oiffe,,,,,tial non-~nea,ity (Ole). 


(4) 
Integral non-linearity (1L..e). 


(5) 
Cenler of a step of the actual transfer curve. 


{ 
, 
LSB. 
AVREF+ - AVREF--} 


1024 


12MHzCLOCK 
16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
UNIT 


l!tcLCL 
2 
Oscillator frequency 
3.5 
16 
MHz 


luiLL 
2 
ALE pulse width 
127 
85 
2lcLCL-40 
ns 


tAVLL 
2 
Address valid to ALE low 
28 
8 
lcLCL-55 
ns 


!u.Ax 
2 
Address hold after ALE low 
48 
28 
lcLCL-35 
ns 


!u.IV 
2 
ALE low to valid instruction in 
234 
150 
4lcLCL-l00 
ns 


!u.PL 
2 
ALE low to J5SEIillow 
43 
23 
lcLCL-40 
ns 


tPLPH 
2 
J5SEIil pulse width 
205 
143 
3lcLCL-45 
ns 


tPLIV 
2 
J5SEIillow to valid instruction in 
145 
83 
3lcLCL-105 
ns 


tpXIX 
2 
Input instruction hold after J5SEIil 
0 
0 
0 
ns 


tPXIZ 
2 
Input instruction float after J5SEIil 
59 
38 
lcLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
312 
208 
5lcLCL-l05 
ns 


tpLAZ 
2 
J5SEIillow to address i10at 
10 
10 
10 
ns 


Data Memory 


tAVLL 
3,4 
Address valid to ALE low 
43 
23 
lcLCL-40 
ns 


tRLRH 
3 
1'm pulse width 
400 
275 
6lcLCL-l00 
ns 


tWLWH 
3 
WR pulse width 
400 
275 
6lcLCL-l00 
ns 


tRLDV 
3 
1'm low to valid data in 
252 
148 
5lcLCL-165 
ns 


tRHDX 
3 
Data hold after 1'm 
0 
0 
0 
ns 


tRHDZ 
3 
Data float after 1'm 
97 
55 
2lcLCL-70 
ns 


lLLDV 
3 
ALE low to valid data in 
517 
350 
8lcLCL-150 
ns 


tAVDV 
3 
Address to valid data in 
585 
398 
9lcLCL-165 
ns 


tLLWL 
3,4 
ALE low to 1'm or WR low 
200 
300 
138 
238 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
3,4 
Address valid to WR low or 1'm low 
203 
120 
4lcLCL-130 
ns 


tavwx 
4 
Data valid to WR transition 
23 
3 
lcLCL-60 
ns 


low 
4 
Data before WR 
433 
288 
7lcLCL-150 
ns 


tWHQX 
4 
Data hold after WR 
33 
13 
lcLCL-50 
ns 


lRLAZ 
4 
1'm low to address float 
0 
0 
0 
ns 


tWHLH 
3,4 
1'm or WR high to ALE high 
43 
123 
23 
103 
lcLCL-40 
lcLCL+40 
ns 


External 
Clock 


lcHCX 
5 
Hightime3 
20 
20 
20 
ns 


lcLCX 
5 
Lowtime3 
20 
20 
20 
ns 


lcLCH 
5 
Rise time3 
20 
20 
20 
ns 


lcHCL 
5 
Falltime3 
20 
20 
20 
ns 


Serial Timing 
- Shift Register 
Mode4 (Test Conditions: Tamb= O°Cto +70°C; Vss = OV; Load Capaciatnce = 80pF) 


tXLXL 
6 
Serial port clock cycle time 
1.0 
0.75 
12lcLCL 
~s 


taVXH 
6 
Output data setup to clock rising edge 
700 
492 
1OlcLCL-133 
ns 


tXHQX 
6 
Output data hold after clock rising edge 
50 
8 
2lcLCL-117 
ns 


tXHDX 
6 
Input data hold after clock rising edge 
0 
0 
0 
ns 


tXHDV 
6 
Clock rising edge to input data valid 
700 
492 
1OlcLCL-133 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and J5SEIil = 100pF, load capacitance for all other outputs = 80pF. 


3. lcLCL = l/fosc 
= one oscillator clock period. 
lcLCL = 83.3ns at fosc = 12MHz. 
lcLCL = 62.5ns at fosc = 16MHz. 
4. These values are characterized but not 100% production tested. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 


12CInterface 
(Refer to Figure 9)5 


!HD;STA 
START condition hold time 
~ 14 lcLCL 
>4.011S 1 


!Low 
SCLlowtime 
~ 16 lcLCL 
> 4.711S1. 


!HIGH 
SCL high time 
~ 14 lcLCL 
> 4.011S1 


tAC 
SCLrisetime 
:s 11's 
_2 


tFC 
SCLlalltime 
:S0.3I's 
< 0.311S3 


tSU;DAT1 
Data set-up time 
~ 250ns 
> 20 lcLCL - lAD 


tSU;DAT2 
SDA set-up time (belore rep. START cond.) 
~ 250ns 
> 111S1 


tSU;DAT3 
SDA set-up time (belore STOP cond.) 
~ 250ns 
> 8 lcLCL 


!HD;DAT 
Data hold time 
~Ons 
> 8 lcLCL -lFc 


tSU;STA 
Repeated START set-up time 
~ 14 lcLCL 
> 4.711S1 


tSU;STO 
STOP condition set-up time 
~ 141cLcL 
>4.011S 1 


tBUF 
Bus free time 
~ 14 lcLCL 
> 4.711S1 


tAD 
SDA rise time 
:s 111S 
_2 


tFD 
SDAlalltime 
:s0.311S 
< 0.311S3 


NOTES: 
1. At 100 kbiVs. At other bit rates this value is inversely proportional to the bit-rate 01 100 kbiVs. 
2. 
Determined by the extemal bus-line capacitance and the extemal bus-line pull-resistor. this must be < 1lIS. 
3. 
Spikes on the SDA and SCL lines with a duration 01less than 3 lcLCL will be filtered out. Maximum capacitance on bus-lines SDA and 
SCL = 400pF. 
4. lcLCL = l/losc 
= one oscillator clock period at pin XTAL 1. For 62ns (42s) < lcLCL < 285ns (16MHz (24Hz) > losc > 3.5MHz) the SI01 
interlace meets the 12C-busspecification lor bit-rates up to 100 kbiVs. 
5. These values are guaranteed bu1not 100% production tested. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
a - Output data 


first character is always 'f (= time). The other 
R - 
"Rr> signal 
characters, depending on their positions, 
t 
- 
Time 


indicate the name of a signal or the logical 
V - 
Valid 
status of that signal. The designations are: 
W - 
WR signal 


A - 
Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Roat 
o - 
Input data 
Examples: 
tAVLL= Time for address valid to 


H - 
Logic level high 
ALE low. 


I 
- 
Instruction (program memory contents) 
tLLPL= Time for ALE low to 


L - 
Logic level low, or ALE 
"I'SEI'Ilow. 


P - 
"I'SEI'I 


I 
-I r-- tXHQX I 


taVXH ~I 


INPUT 
DATA 
'----r' 


CLEAR 
AI 


2.4V=X2.0V_ 
_2.0V>C 
Test 
Points 
O.8V"'- 
.•...•• O.8V 


OASV 
--------- 


NOTE: 
AC inputs 
during testing ar9 driven at 2.4V for a logic '" and O.45V for a Iogk:'a. 


rming 
measurements 
are made 
at 2.0V 
for a logic 
',' 
and 
C.SV for a logic '0'. 


2.4V=$ 
Float t= 24V 
2.0V 
20:' 


OASV 
o•..s-V--------o-<av 
045V 


>START 
condij"" 


O.7VCC 


O.3VCC 


NOTE: 
These 
values 
are 
valid only within 
the frequency 
specifications of the device under test. 


(1) 
Maximum operating mode; Von::< 6V 


(2) 
Maximum 
operating 
mode; Von 
=== 4V 


(3) 
Maximum 
idle mode; Von = 6V 
(4) Maximum idle m_: 
VOO= 4V 


Figure 11. 100 Test Condition, Active Mode 
All other pins are dlsconnected1 
1. Active Mode: 
a. The following pins must be forced to Voo: 
~, 
RST, Port 0, and EW. 
b. The following pins must be forced to Vss: 
STADe, AVss, and AV,ef_' 
c. 
Ports 1.6 and 1.7 should be connected to Voo through resistors of sufficiently high value such that the sink current into these pins cannot 
exceed the 10L1 spec of these pins. 
d. The following pins must be disconnected: 
XTAL2 and all pins not specified above. 


Figure 12. too Test Condition, 
Idle Mode 
All other pins are disconnected2 


2. 
Idle Mode: 
a. The following pins must be forced to Voo: 
Port 0 and EW. 
b. The following pins must be forced to Vss: 
RST, STADC, AV•• " AVref-, and 'E}l;. 


c. 
Ports 1.6 and 1.7 should be connected to VDOthrough resistors of sufficiently high value such that the sink current into these pins cannot 
exceed the IOL1 spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 


d. The following pins must be disconnected: 
XTAL2 and all pins not specified above. 


Figure 13. Clock Signal Waveform 
for too Tests in Active and Idle Modes 


lcLCH = lcHCL = 5ns 


Figure 14. 100Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Voo = 2V to 5.5113 


3. 
Power Down Mode: 
a. The following pins must be forced to Voo: 
Port 0 and EW. 
b. The following pins must be forced to Vss: 
RST, STADC, XTAL 1, AVss" AV,ef_,and 'E}l;. 
c. 
Ports 1.6 and 1.7 should be connected to Voo through resistors of sufficiently high value such that the sink current into these pins cannot 
exceed the IOL1 spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 


d. The following pins must be disconnected: 
XTAL2 and all pins not specified above. 


EPROM CHARACTERISTICS 
The 87C552 is programmed by using a 
modified Quick-Pulse Programming'" 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEJI5ROG pulses. 


The 87C552 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C552 manufactured by Philips. 


Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for qUick-pulse programming are 
shown in Figures 15 and 16. Figure 17 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 15. Note that 
the 87C552 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
intemal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 15. The code byte to be 
programmed into that location is applied to 
port O. RST, J5SEIiI,and pins of ports 2 and 3 
specified in Table 3 are held at the "Program 
Code Data" levels indicated in Table 3. The 
ALEJI5ROG is pulsed low 25 times as shown 
in Figure 16. 


To program the encryption table, repeat the 
25-pulse programming sequence for 


addresses 0 through 1FH, using the "Pgm 
Encryption Table" levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the lock bits, repeat the 25-pulse 
programming sequence using the "Pgm Lock 
Bif levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 


Note that the ~pp 
pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program Verification 
If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be red is 
applied to ports 1 and 2 as shown in 
Figure 17. The other pins are held at the 
"Verify Code Data" levels indicated in Table 3. 
The contents of the address location will be 
emitted on port O. External pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 


(030H) = 15H indicates manufactured by 


Philips Components 


(031 H) = 94H indicates 87C552 


ProgramNerify 
Algorithms 


Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, 
is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to the 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 
is recommended 
that an opaque 
label be 


placed over the window. 
For elevated 


temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-seclcm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000~W/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. Erasure leaves the 
array in an all 1s state. 


MODE 
RST 
PSER 
ALEIPROG 
l:J(Npp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O· 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 


Pgm lock bit 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 


Pgm lock bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


NOTES: 
1. 0 = Valid low for that pin; 1 = valid high for that pin. 
2. Vpp = 12.75V ±0.25V. 
3. Voo = 5V ±10% during programming and verification. 
• 
ALEJI5ROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 1OO~s(±10~) 
and high for a 
minimum of 10~. 
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EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb= 21°C to +27°C, VDD = 5V±10%, vss = OV 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming supply voltage 
12.5 
13.0 
V 


Ipp 
Programming supply current 
50 
mA 


1ltCLCL 
Oscillator frequency 
4 
6 
MHz 


tAVGL 
Address setup to PROO low 
48teLCL 


!<JHAX 
Address hold after PROO 
48teLCL 


tDVGL 
Data setup to PROO low 
48teLCL 


!<JHDX 
Data hold after PROO 
48teLCL 


tEHSH 
P2.7 (EliIABI:E) 
high to Vpp 
48teLCL 


tSHGL 
Vpp setup to PROO low 
10 
lIS 


!<JHSL 
Vpp hold after PROO 
10 
I's 


!<JLGH 
PROOwidth 
90 
110 
lIS 


tAvav 
Address to data valid 
48teLCL 


tELaz 
EIIIASI:E 
low to data valid 
48teLCL 


tEHaz 
Data float after EIIIASI:E 
0 
48teLCL 


!<JHGL 
PROO high to PROO low 
10 
lIS 


!<JHDX 
!<JHAX 


~ 


~ 


Purchase of Philips 12Ccomponents conveys a license under the Philips' 12Cpatent 
to use the components in the 12C system provided the system conforms to the 
12Cspecifications defined by Philips. This specification can be ordered using the 
code 9398 393 40011. 


• 
80C51 central processing unit 


• 
32 K x 8 ROM respectively FEEPROM (Flash-EEPROM), 
expandable externally to 64 Kbytes 


• 
ROM/FEEPROM 
Code protection 


• 
·1024 X 8 RAM, expandable ex1ernally to 64 Kbytes 


• 
Two standard 16-bit timer/counters 


• 
An additional 16-bit timer/counter coupled to four capture 
registers and three compare registers 


• 
A 10-bit ADC with eight multiplexed analog inputs and 
programmabie autoscan 


• 
Two 8-bit resolution, pulse width modulation outputs 


• 
Five 8-bit I/O ports plus one 8-bit input port shared with analog 
inputs 


• 
12C-bus serial I/O port with byte oriented master and slave 
functions 


• 
Full-duplex UART compatible with the standard 80C51 


• 
On-chip watchdog timer 


• 
15 interrupt sources with 2 priority levels (2 to 6 ex1ernal sources 
possible) 


• 
Extended temperature range (--40 to +85°C) 


• 
4.5 to 5.5 V supply voltage range 


• 
Frequency range for 80C51-family standard oscillator: 
3.5 MHz to 16 MHz 


• 
PLL oscillator with 32 kHz reference and software-selectable 
system clock frequency 


• 
Seconds TImer 


• 
Software enable/disable of ALE output pulse 


• 
Electromagnetic compatibility improvements 


• 
Wake-up from Power-down by ex1ernal or seconds interrupt 


The P80CE558/P83CE558/P89CE558 
(hereafter generically 


referred to as P8xCE558) single-chip 8-bit microcontroller 
is 


manufactured in an advanced CMOS process and is a derivative of 
the 80C51 mlcrocontroller family. The P8xCE558 has the same 
instruction set as the 80C51. Three versions of the derivative exist: 


• 
P83CE558 - 
32 Kbytes mask programmable 
ROM 


• 
P80CE558 - 
ROMless version of the P83CE558 


• 
P89CE558 - 
32 Kbytes FEEPROM (Flash-EEPROM) 


The P8xCE558 contains a non-volatile 32 Kbytes mask 
programmable ROM (P83CE558) or electrically erasable FEEPROM 
respectively (P89CE558), a volatile 1024 X 8 read/write data 
memory, five 8-bit I/O ports, one 8-bit Input port, two 16-bit 
timer/event counters (identical to the timers of the 80C51), an 
additional 16-bit timer coupled to capture and compare latches, a 
15-source, two-priority-Ievel, 
nested interrupt structure, an 8-input 


ADC, a dual DAC pulse width modulated interface, two serial 
interfaces (UART and 
12C-bus), a "watchdog" timer, an on-chip 


oscillator and timing circuits. For systems that require extra 
capability the P8xCE558 can be expanded using standard TTL 
compatible memories and logic. 


In addition, the P8xCE558 has two software selectable modes of 
power reduction - 
Idle Mode and power-down mode. The Idle 


Mode freezes the CPU while allowing the RAM, timers, serial ports, 
and interrupt system to continue functioning. The power-down mode 
saves the RAM contents but freezes the oscillator, causing all other 
chip functions to be inoperative. 


The device also functions as an arithmetic processor having 
facilities for both binary and BCD arithmetic as well as bit-handling 
capabilities. The instruction set consists of over 100 instructions: 49 
one-byte, 45 two-byte, and 17 three- byte. With a 16 MHz system 
clock, 58% of the instructions are executed in O.75 ~s and 40% in 
1.5 ~s. Multiply and divide instructions require 3 ~s. 


ROMless 


PBoCE55BEBB 


PBoCE55BEFB 


ROM coded 


PB3CE55BEBBIYyy1 


PB3CE55BEFBIYyy1 


FEEPROM 


PB9CE55BEBB 


PACKAGE 


DESCRIPTION 


Plastic Quad Flat Pack; Bo leads 


Plastic Quad Flat Pack; Bo leads 


SOT31B-1 


SOT31B-1 


Plastic Quad Flat Pack; Bo leads 


Plastic Quad Flat Pack; Bo leads 


SOT31B-1 


SOT31 B-1 


SOT31 B-1 


SOT31 B-1 
PB9CE55BEFB 
Plastic Quad Flat Pack; Bo leads 


NOTE: 
1. YYY denotes the ROM code number 


TO. T, 


TWO 
16-BIT 


TIMERIEVENT 
COUNTERS 


PROGRAM 
MEMORY 
32Kx8ROM 
IFEEPROM. 
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Figure 2. Functional diagram 


4. 
PINNING 
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n.c. 
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only PB9CE55B with altemate function WE' 


Figure 3. Pinning diagram for QFP80 (SOT318) 


SYMBOL 
PIN 
DESCRIPTION 


AVref_ 
1 
Low end of analog to digital conversion reference resistor 
AV,ef+ 
2 
High end of analog to digital conversion reference resistor. 


AVSS1 
3 
Analog ground for ADC 
I 


AVOO1 
4 
Analog power supply (+5 V) for ADC 
< 


AVss2 
77 
Analog ground; for PLL oscillator 
AVOO2 
76 
Analog power supply; (+5 V) for PLL oscillator 


Port 5 
P5.7 - P5.0 
5-12 
8-bit inpu1 port 


Port pin 
Altemative function 


P5.o-P5.7 
Eight input channels to ADC (ADCo-ADC7) 


VOOl, VOO2, 
14,28, 
Digital power supply: 
+5 V power supply pins during normal operation and power reduction modes. All pins 
V003, VOD4 
53,66 
must be connected. 


VSS10VSS2 
13,29, 
Digital ground: circuit ground potential. All pins must be connected. 


VSS3,VSS4 
54,67 


ADEXS 
15 
Start ADC operation: Inpu1starting analog to digital conversion triggered by a programmable 
edge (ADC 


operation can also be started by software). This pin must not float 


'PWJ,;lll 
16 
Pulse width modulation ou1pu10 
'F'vmT 
17 
Pulse width modulation outpu11 


EW 
18 
Enable watchdog timer: Enable for T3 watchdog timer and disable Power-down Mode.This pin must not 
float. 


Port 4 
P4.0-P4.7 
19-22 
8-bit quasi-bidirectional 
I/O port 


24-27 


Port pin 
Altemative function 


P4.0 
CMSRO} 
P4.1 
CMSR1 } 
P4.2 
CMSR2 } compare and seVreset 
P4.3 
CMSR3 } outputs on a match with timer T2 
P4.4 
CMSR4} 
P4.5 
CMSR5} 
P4.6 
CMTO 
} compare and toggle ou1puts 
P4.7 
CMT1 
} 
on a match with timer T2 


RSTIN 
30 
Reset: Input to reset the P8xCE558. 


RSTOUT 
23 
Reset: Ou1put of the P8xCE558 for reselling peripheral devices during initialization and Watchdog Timer 
overflow. 


P1.0-P1.7 
31-38 
Port 1 
8-bit quasi-bidirectional 
1/0 port 


Port pin 
Altemative function 


P1.0 
CTOIIINT2} 
P1.1 
CT1II1NT3} 
: 
Capture timer inpu1s for 
P1.2 
CT21I1NT4} 
timer T2 or extemal interrupt inputs 
P1.3 
CT31/1NT5} 
P1.4 
T2 
: 
T2 event input. rising edge triggered 
P1.5 
RT2 
: 
T2 timer reset input. rising edge triggered 
P1.6 
P1.7 


SCl 
39 
12C-bus serial clock 1/0 port 


SDA 
40 
12C-bus serial data 1/0 port 
If SCl and SDA are not used. they must be connected to VSS. 


SYMBOL 
PIN 
DESCRIPTION 


I 


P3.0- 
P3.7 
41-4B 
B-bit quasi-bidirectional 
110 port 
Port pin 
Alternative function 
P3.0 
RXD 
Serial input port 


P3.1 
TXD 
: 
Serial output port 


P3.2 
J1'JTO 
: 
External interrupt 


P3.3 
]"J\lTf 
: 
External interrupt 


P3.4 
TO 
: 
Timer a external input 


P3.5 
T1 
: 
Timer 1 external input 


P3.6 
WR 
: 
External data memory write strobe 


P3.7 
"AU 
: 
External data memory read strobe 


N.C. 
49 - 50 
Not connected pins. 


XTAL2 
51 
Crystal 
pin 2: output of the inverting amplifier that forms the oscillator. Left open-circuit when an external 
oscillator clock is used. 


XTAL1 
52 
Crystal 
pin 1: input to the inverting amplifier that forms the oscillator. and input to the internal clock 
generator. Receives the external oscillator clock signal when an external oscillator is used. Must be 
connected to logic HIGH if the PLL oscillator is selected (SELXTAL 1 = LOW). 


P2.0 - P2.7 
55 - 62 
Port2: B-bit quasi-bidirectional 
I/O port with internal pUll-UpS.During access to external memories 
(RAM/ROM) that use 16-bit addresses (MOVX@DPTR) 
Port 2 emits the high order address byte. The 
alternative function of P2.7 for the PB9CE55B is the output enable signal for verify/read modes (active low). 


Port 2 can sink/source one TIL (=4 LSTIL) 
input. It can drive CMOS inputs without external pull-ups. 


PSEfiI 
63 
Program 
Store Enable output: 
read strobe to the external program memory via Port a and 2. Is activated 
twice each machine cycle during fetches from external program memory. When executing out of external 
program memory two activations of PSEfiI are skipped during each access to external data memory. PSEfiI 
is not activated (remains HIGH) during no fetches from external program memory. PSEfiI can sink/source B 
LSTIL 
inputs. It can drive CMOS inputs without external pull-ups. 


ALEtWE 
64 
Address 
Latch Enable output: 
latches the low byte of the address during access of external memory in 
normal operation. It is activated every six oscillator periods except during an external data memory access. 
ALEJWE can sink/-source B LSTIL 
inputs. It can drive CMOS inputs without an external pull-up. The 
alternative function for the PB9CE55B is the programming pulse input WE. 


To prohibit the toggling of ALE pin (RFI noise reduction) the bit RFI in the PCON Register (PCON.5) must be 
set by software. This bit is cleared on RESET and can be set and cleared by software. When set, ALE pin 
will be pulled down internally, switching an external address latch to a quiet state. The MOVX instruction will 
still toggle ALE if external memory is accessed. 


ALE will retain its normal high value during Idle Mode and a low value during Power-down Mode while in the 
"RFI" mode. Additionally during internal access (EA = 1) ALE will toggle normally when the address exceeds 
the internal program memory size. During external access (EA = 0) ALE will always toggle normally, whether 
the flag °RFI" is set or not. 


Ell 
65 
External 
Access 
Input: 
If, during RESET, Ell is held at a TIL level HIGH the CPU executes out of the 
internal program memory, provided the program counter is less than 3276B. If, during RESET, Ell is held at a 
TIL level LOW the CPU executes out of external program memory via Port a and Port 2. Ell is not allowed 
to float. Ell is latched during RESET and don't care after RESET. 


PO.7-PO.0 
6B -75 
Port 0: 8-bit open drain bidirectional I/O port. It is also the multiplexed low-order address and data bus during 
accesses to external memory (during theses accesses internal pull-ups are activated). Port a can sink/source 
B LSTIL 
inputs. 


XTAL3 
78 
Crystal 
pin, output of the inverting amplifier that forms the 32 kHz oscillator 


XTAL4 
79 
Crystal 
pin, input to the inverting amplifier that forms the 32 kHz oscillator. XTAL3 and XTAL4 are pulled 
LOW if the PLL oscillator is not selected (SELXTAL 1 = HIGH) or if Reset is active. 


SELXTAL1 
80 
Must be connected to logic HIGH level to select the HF oscillator, using the XTAL 1/XTAL2 crystal. If pulled low 
the PLL is selected for clocking of the controller, using the XTAL3I XTAL4 crystal. 


NOTE: 
1. To avoid a 'latch-up' effect at Power-on, the voitage at any pin at any time must not be higher or lower than Voo+ 0.5 V or Vss- 0.5 V 


respectively. 


5. 
ELECTROMAGNETIC 
COMPATIBILITY 
(EMC) 


IMPROVEMENTS 


Primary attention was paid on the reduction of electromagnetic 
emission of the microcontroller 
PBxCE55B. 


The following features effect in reducing the electromagnetic 
emission and additionally improve the electromagnetic 
susceptibility: 


• 
Four supply voltage pins (VOO)and four ground pins (Vss) with 
pairs of Voo and VSS at two adjacent pins at each side of the 
package. 


• 
Separated Voo pins for the intemallogic 
and the port buffers 


• 
Internal decoupling capacitance improves the EMC radiation 
behavior and the EMC immunity 


• 
Extemal capacitors are to be located as close as possible 
between pins VOOI and VSS1,V002 and VSS2,V003 and VSS3as 
well as V004 and VSS4 ; ceramic chip capacitors are 
recommended (100nF). 


Useful in applications that require no extemal memory or temporarily 
no extemal memory: 


• 
The ALE output signal (pulses at a frequency of fCLK/6) can be 
disabled under software control (bit 5 in the SFR PCON: "RFI"); if 
disabled, no ALE pulse will occur. ALE pin will be pulled down 
intemally, switching an external address latch to a quiet state. 
The MOVX instruction will still toggle ALE (extemal data memory 
is accessed). ALE will retain its normal HIGH value during Idle 
Mode and a LOW value during Power-down mode while in the 
"RFI" reduction mode. Additionally during internal access 
~ 
= 1) ALE will toggle normally when the address exceeds the 


intemal program memory size. During extemal access ~ 
= 0) 
ALE will always toggle normally, whether the flag "RFI" is set or 
not. 


Ext.no! 


32768 
A 
I 
\ 


3276< 


Internel 
External 


(EX-I) 
(EX.0) 


0 


6.1 
General 
The PBxCE55B is a stand-alone high-performance 
microcontroller 


designed for use in real time applications such as instrumentation, 
industrial control, medium to high-end consumer applications and 
specific automotive control applications. 


In addition to the BOC51 standard functions, the device provides a 
number of dedicated hardware functions for these applications. 


The PBxCE55B is a control-oriented 
CPU with on-chip program and 
data memory. It can be extended with external program memory up 
to 64 Kbytes. It can also access up to 64 Kbytes of extemal data 
memory. For systems requiring extra capability, the PBxCE55B can 
be expanded using standard memories and peripherals. 


The PBxCE55B has two software selectable modes of reduced 
activity for further power reduction - Idle and Power-down. The Idle 
Mode freezes the CPU while allowing the RAM, timers, serial ports 
and interrupt system to continue functioning. The Power-down Mode 
saves the RAM contents but freezes the oscillator causing all other 
chip functions to be inoperative. The Power-down Mode can be 
terminated by an external Reset, by the seconds interrupt and by 
anyone 
of the two extemal interrupts. (See description Wake-up 


from Power-down Mode.) 


6.2 
Memoryorganization 
The central processing unit (CPU) manipulates operands in three 
memory spaces; these are the 64 Kbytes extemal data memory, 
1024 bytes intemal data memory (consisting of 256 bytes standard 
RAM and 76B bytes AUX-RAM) and the 32 Kbytes internal and/or 
64 Kbytes extemal program memory (see Figure 4). 


\.--------v--------/ 


Program Memory 
\._-------- 
......•..... 


Internal 
Data Memory 


6.2.1 
Program 
Memory 
The program memory of the P8xCE558 consists of 32 Kbytes ROM 
respectively FEEPROM ("Flash Memory") on-chip, extemally 
expandable up to 64 Kbytes. If, duling RESET, the E;!; pin was held 
HIGH, the P8xCE558 executes out of the intemal program memory 
unless the address exceeds 7FFFH. Locations 8000H through 
oFFFFH are then fetched from the extemal program memory. If the 
E;!; pin was held LOW duling RESET the P8xCE558 fetches all 
instructions from the extemal program memory. The E;!; input is 
latched duling RESET and is don't care after RESET. 


The internal program memory content Is protected, by selling a 
mask programmable seculity bit (ROM) or by the software 
programmable seculity byte (FEEPROM) respectively, i.e. it cannot 
be read out at any time by any test mode or by any instruction in the 
extemal program memory space. The MOVC instructions are the 
only ones which have access to program code in the intemal or 
extemal program memory. The E;!; input is latched duling RESET 
and is 'don't care' after RESET. This implementation prevents from 
reading intemal program code by switching from external program 
memory to intemal program memory duling MOVC instruction or an 
instruction that handles immediate data. Table 1 lists the access to 
the internal and extemal program memory with MOVC instructions 
when the seculity feature has been activated. 


6.2.2 
Internal 
Data Memory 
The intemal data memory is divided into three physically separated 
parts: 


256 bytes of RAM, 768 bytes of AUX-RAM, and a 128 bytes special 
function area. These can be addressed each in a different way (see 
also Table 2). 
- 
RAM a to 127 can be addressed directiy and indirectiy as in the 
80C51. Address pointers are Ro and R1 of the selected 
registerbank. 


- 
RAM 128 to 255 can only be addressed indirectly. 
Address pointers are Ro and R1 of the selected registerbank. 


- AUX-RAM a to 767 is also indirectiy addressable as extemal 


DATA MEMORY locations a to 767 via MOVX-Datapointer 
instruction, unless it is disabled by selling ARD = 1. 
AUX·RAM a to 767 is indirectly addressable via pageregister 
(XRAMP) and MOVX·Ri instructions, unless it is disabled by 
selling ARD = 1 (see Figure 5). 
When executing from intemal program memory, an access to 
AUX-RAM a to 767 will not affect the ports PO, P2, P3.6 and P3.7. 


An access to external DATA MEMORY locations higher than 767 
will be performed with the MOVX @ DPTR instructions in the 
same way as in the 80C51 structure, so with POand P2 as 
data/address bus and P3.6 and P3.7 as wlite and read timing 
signals. Note that the external DATA MEMORY cannot be 
accessed with Ro and R1 as address pointer if the AUX·RAM is 
enabled (ARD = 0, default). 


- The Special Function Registers (SFR) can only be addressed 


directly in the address range from 128 to 255 (see Table 5). 


- 
Four register banks, each 8 registers wide, occupy locations a 
through 31 in the lower RAM area. Only one of these banks may 
be enabled at a time. The next 16 bytes, locations 32 through 47, 
contain 128 directiy addressable bit locations. The stack can be 
located anywhere in the internal 256 bytes RAM.The stack depth 
is only limited by the available intemal RAM space of 256 bytes 
(see Figure 7). 


All registers except the program counter and the four register 
banks reside in the Special Function Register address space. 


MOVC LOCATION 
ACCESS TO INTERNAL 
ACCESS TO EXTERNAL 


PROGRAM MEMORY 
PROGRAM MEMORY 


MOVC in intemal program memory 
YES 
YES 


MOVC in extemal program memory 
NO 
YES 


NOTE: 
1. 
If the security 
feature 
has not been activated, 
there 
are no restrictions 
for MOVe instructions. 


LOCATION 
ADDRESSED 


RAM 
oto 127 
Direct and indirect 


AUX-RAM 
a to 767 
Indirect only with MOVX 


RAM 
128t0255 
Indirect only 


SFR 
128to 255 
Direct only 


MOVX@Ri,A 


MOVXA. 
@Ri 


MOVX @DPTR.A 


MOVXA.@DPTR 


6.2.2.1 
AUX-RAM Page Register XRAMP 
The AUX·RAM Page Register is used to select one of three 256 
bytes pages of the internal 768 bytes AUX·RAM for 
MOVX·accesses via ROor Rl. Its reset value is (XXXXXXOO). 


7 
6 
5 
4 
3 
2 
1 
0 


XRAMP(FAH) 
x 
x 
x 
x 
x 
x 
XRAMPI 
XRAMPO 


BIT 
SYMBOL 
FUNCTION 


XRAMP.2-7 
XRAMPx 
reserved for future use 
XRAMP.l 
XRAMP1 
AUX·RAM page select bit 1 
XRAMP.O 
XRAMPO 
AUX·RAM page select bit 0 


ARD' 
XRAMP1 
XRAMPO 
MOVX @Ri.Aand 
MOVX A.@Ri instructions 
access: 


0 
0 
0 
AUX·RAM 
locations 
0 .. 255 
(reset condition) 


0 
0 
1 
AUX·RAM 
locations 
256 .. 511 


0 
1 
0 
AUX·RAM 
locations 
512 .. 767 


0 
1 
1 
no valid memory access; reserved for future use 


1 
X 
X 
External RAM locations 
0 .. 255 


MOVX @DPTR.A and MOVX A.@DPTR Instructions 
access: 


0 
X 
X 
AUX·RAM 
locations 
0 .. 767 
(reset condition) 
External RAM locations 
768 .. 65535 


1 
X 
X 
External RAM locations 
0 .. 65535 


NOTE: 
1. ARD (AUX·RAM Disable) is a bit in the Special Function Register peON 


HIGH NIBBLE OF SFR ADDRESS 


LOW 
8 
9 
A 
B 
C 
D 
E 
F 


0 
PO% 
P1 % 
P2% 
P3% 
P4% 
PSW% 
ACC% 
B% 
11111111 
11111111 
11111111 
11111111 
11111111 
00000000 
00000000 
00000000 


1 
SP 00000111 


2 
DPL 
00000000 


3 
DPH 
00000000 


4 


5 


6 
ADRSLO# 
ADRSL1 # 
ADRSL2# 
ADRSL3# 
ADRSL4# 
ADRSL5# 
ADRSL6# 
ADRSL7# 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 


7 
PCON 
P5 # 
ADCON 
ADPSS 
ADRSH# 
00000000 
XXXXXXXX 
00000000 
00000000 
OOOOOOXX 


8 
TCON% 
SOCON% 
IENO% 
IPO% 
TM2IR% 
S1CON% 
IEN1 % 
IP1 % 
00000000 
00000000 
00000000 
XOOOOOOO 
00000000 
00000000 
00000000 
00000000 


9 
TMOD 
SOBUF 
CMLO 
CMHO 
S1STA# 
PLLCON 
00000000 
XXXXXXXX 
00000000 
00000000 
11111000 
00001101 


A 
TLO 
CML1 
CMH1 
SWAT 
TM2CON 
XRAMP 
00000000 
00000000 
00000000 
00000000 
00000000 
XXXXXXOO 


B 
TL1 
CML2 
CMH2 
S1ADR 
CTCON 
FMCON" 
00000000 
00000000 
00000000 
00000000 
00000000 
OOOXOOOO 


C 
THO 
CTLO # 
CTHO # 
TML2# 
PWMO 
00000000 
XXXXXXXX 
XXXXXXXX 
00000000 
00000000 


D 
TH1 
CTL1 # 
CTH1 # 
TMH2# 
PWM1 
00000000 
XXXXXXXX 
XXXXXXXX 
00000000 
00000000 


E 
CTL2 # 
CTH2 # 
STE 
PWMP 
XXXXXXXX 
XXXXXXXX 
11000000 
00000000 


F 
CTL3 # 
CTH3 # 
RTE 
T3 
XXXXXXXX 
XXXXXXXX 
00000000 
00000000 


NOTES: 
% 
# 
X 


Bit addressable register 
Read only register 
Undefined 
FMCON only in P89CE558 


6.3 
Addressing 
The P8xCE558 has five methods for addressing: 


• Register 


• Direct 


• Register-Indirect 


• Immediate 


Access to memory addresses is as follows: 


• Register in one of the four register banks through Register, Direct 


or Register-Indirect addressing 


• 1024 bytes of internal RAM through Direct or Register-Indirect 


addressing. 


- 
Bytes 0-127 of internal RAM may be addressed 
directlylindirectly. 
Bytes 128-255 of internal RAM share their 


address location with the SFRs and so may only be addressed 
indirectly as data RAM. 


- 
Bytes 0-767 of AUX-RAM can only be addressed indirectly via 
MOVX. 


The first three methods can be used for addressing destination 
operands. Most instructions have a "destination/source" 
field that 


specifies the data type, addressing methods and operands involved. 
For operations other than MOVs, the destination operand is also a 
source operand. 


• Special Function Register through direct addressing at address 


locations 128-255 (see Figure 8). 


• External data memory through Register-Indirect addressing 


• Program memory look-up tables through Base-Register plus 


Index-Register-Indirect 
addressing 


BYTE ADDRESS 
(HEX) 
BITADDRESS (HEX) 
~ 
r---------------------------, 
j--(-M-SB-)--------------(l-S-Bl 


P 


7F 
7E 
7D 
7C 
7B 
7A 
79 
78 


77 
76 
75 
74 
73 
72 
71 
70 
6F 
6E 
6D 
6C 
6B 
6A 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
5F 
5E 
5D 
5C 
5B 
5A 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
4F 
4E 
4D 
4C 
4B 
4A 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
3F 
3E 
3D 
3C 
3B 
3A 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
2F 
2E 
2D 
2C 
2B 
2A 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
1F 
1E 
10 
1C 
1B 
1A 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
OF 
OE 
OD 
OC 
OB 
OA 
09 
08 
07 
06 
05 
04 
03 
02 
01 
00 


Bank3 


Bank2 


Bank1 


Bank0 


BYTE ADDRESS 
(DECIMAL) 
~ 


DIRECT BYTE 
REGISTER 
ADDRESS (HEX) 
BIT ADDRESS (HEX) 
MNEMONIC 


~r 
~ 
,~ 


FFH 1 


(MSB) 
( 
LSB1 


PT2 
PCTO 


F8H 
FF 
F8 
IP1 


FOH 
F7 
FO 
B 


ET2 
ECTO 


E8H 
EF 
E8 
IEN1 


EOH 
E7 
EO 
ACC 


CR2 
CRO 


D8H 
DF 
D8 
S1CON 


CY 
P 


DOH 
D7 
DO 
PSW 


T20V 
CTIO 


C8H 
CF 
C8 
TM21R 


COH 
C7 
CO 
P4 


PXO 


B8H 
BF 
B8 
IPO 


BOH 
B7 
BO 
P3 


EA 
EXO 


A8H 
AF 
A8 
IENO 


AOH 
A7 
AO 
P2 


SMO 
RI 


98H 
9F 
98 
SOCON 


90H 
97 
90 
P1 


TF1 
ITO 


88H 
8F 
88 
TCON 


80H 
87 
80 
PO 


Figure 8. Special 
Function 
Register 
bit addresses 


6.4 
I/O Facilities 
The P8xCE558 has six 8-bit ports. Ports 0 to 3 are the same as in 
the 80C51 , with the exception of the additional functions of Port 1. 
The parallel 1/0 function of Port 4 is equal to that of Ports 1, 2 and 3. 
Port 5 has a parallel input port function, but has no function as an 
output port. 


The SDA and SCL lines serve the serial port SI01 (12C).Because 
the 12C-busmay be active while the device is disconnected from 
Vaa. these pins, are provided with open drain drivers. 


Ports 0, 1, 2, 3, 4 and 5 perform the following aiternative functions: 


Port 0 : 
provides the multiplexed low-order address and data 
bus used for expanding the P8xCE558 with standard 
memories and peripherals. 


Port 1: 
Port 1 is used for a number of special functions: 


4 capture inputs (or external interrupt request Inputs if 
capture information is not utilized) 
- external counter input 
- external counter reset input 


Port 2 : 
provides the high-order address bus when the 
P8xCE558 is expanded with external Program Memory 
andlor external Data Memory. 


Port 3 : 
pins can be configured individually to provide: 
- external interrupt request inputs 
- counter inputs 
- 
receiver input and transmitter output of seri port 
SIOO (UART) 
- control signals to read and write external Data 


Memory 


Port 4 : 
can be configured to provide signals indicating a match 
between timer counter T2 and its compare registers. 


Port 5 : 
may be used in conjunction with the ADC interface. 
Unused analog inputs can be used as digital inputs. As 
Port 5 lines may be used as inputs to the ADC, these 
digital inputs have an inherent hysteresis to prevent the 
input logic from drawing too much current from the 
power lines when driven by analog signals. Channel to 
channel crosstalk should be taken into consideration 
when both digital and analog signals are simultaneously 
input to Port 5 (see DC characteristics). 


All ports are bidirectional with the exception of Port 5 which is an 
input port. 


Pins of which the alternative function is not used may be used as 
normal bidirectional I/0s. 


The generation or use of a Port 1, Port 3 or Port 4 pin as an 
alternative function is carried out automatically 
by the P8xCE558 


provided the associated Special Function Register bit is set HIGH. 


The pull-up arrangements of Ports 1 - 4 are shown in Figure 9. 


P1 is turned on for 2 system clock periods after ON makes a 1-to-0 transition. 
During this time, P1 also turns on P3 through the inverter to form an additional pull up. 


6.5 
Pulse Width Modulated Outputs 


The PBxCE55B contains two pulse width modulated output channels 
(see Figure 13). These channels generate pulses of programmable 
length and interval. The repetition frequency is defined by an B-bit 
prescaler PWMP, which supplies the clock for the counter. The 
prescaler and counter are common to both PWM channels. The B-bit 
counter counts module 255, i.e., from 0 to 254 inclusive. The value 
of the B-bit counter is compared to the contents of two registers: 
PWMO and PWM 1. Provided the contents of either of these registers 
is greater than the counter value, the corresponding PWMll or 
PWfVIT output is set LOW. If the contents of these registers are 
equal to, or less than the counler value, the output will be HIGH. The 
pulse-width-ratio 
is therefore defined by the contents of the registers 


PWMO and PWM1. The pulse-width-ratio 
is in the range of 0/255 to 


255/255 and may be programmed in increments of 1/255. 


Buffered PWM outputs may be used to drive DC motors. The 
rotation speed of the motor would be proportional to the contents of 
PWMn. The PWM outputs may also be configured as a dual DAC. In 
this application, the PWM outputs must be integrated using 


conventional operational amplifier circuitry. If the resulting output 
voltages have to be accurate, extemal buffers with their own analog 
supply should be used to buffer the PWM outputs before they are 
integrated. The repetition frequency fpwm, at the PWMn outputs is 
give by: 


feLK 


fpwm = 2 x (1 + PWMP) x 255 


This gives a repetition frequency range of 123 Hz to 31.4 kHz (feLK 
= 16 MHz). By loading the PWM registers with either OOHor FFH, 
the PWM channels will output a constant HIGH or LOW level, 
respectively. Since the B-bit counter counts modulo 255, it can never 
actually reach the value of the PWM registers when they are loaded 
with FFH. 


When a compare register (PWMO or PWM1) is loaded with a new 
value, the associated output is updated immediately. It does not 
have to wait until the end of the current counter period. Both J5W"firn 
output pins are driven by push-pull drivers. These pins are not used 
for any other purpose. 


7 
6 
5 
4 
3 
2 
1 
0 


PWMP(FEH) 
PWMP.7 
PWMP.6 
PWMP.5 
PWMP.4 
PWMP.3 
PWMP.2 
PWMP.1 
PWMP.O 


Table 6. 
Description of PWMP Bits 


BIT 


NOTE: 
1. 
Reading PWMP gives the current reload value. The actual count of the prescaler cannot be read. 


7 
6 
5 
4 
3 
2 
1 
0 


PWMO(FCH) 
PWMO.7 
PWMO.6 
PWMO.5 
PWMO.4 
PWMO.3 
PWMO.2 
PWMO.1 
PWMO.O 


BIT 
FUNCTION 


PWMO.Ot07 
LOW/HIGH ration of PWMll signal = 
(PWMO) 
255-(PWMO) 


7 
6 
5 
4 
3 
2 
1 
0 


PWM1 (FDH) 
PWM1.7 
PWM1.6 
PWM1.5 
PWM1.4 
PWM1.3 
PWM1.2 
PWM1.1 
PWM1.0 


BIT 
FUNCTION 


PWM1.0t07 
LOWIHIGH ration of PWIYIT signal; 
(PWM11 
255-(PWM1) 


6.6 
Analog/Digital Converter (ADC) 


The P8xCESS8 AID Converter is a 1a-bit, successive approximation 
ADC with 8 multiplexed analog input channels. It additionally 
contains a high input impedance comparator, a DAC built with 1024 
series resistors and analog switches, registers and control logic. 


Input voltage range is from AV,ef- (typical OV) to AV,ef+ (typical +SV). 
A set of 8 buffer registers (1a-bit) store the conversion results of the 
proper analog input channel each. 


11 Special Function Registers (SFR) perform the user software 
interface to the ADC: a control SFR (ADCON), an analog port 
scan-select SFR (ADPSS), 8 input channel related conversion result 
SFR with the 8 lower result bits (ADRSLO...ADRSL7), one common 
result SFR for the upper 2 result bits (ADRSH). An extra SFR (PS) 
allows for reading digital input port data as an altemative function of 
the 8 analog input pins. 


In order to have a minimum of ADC service overhead in the 
microcontroller program, the ADC is able to operate autonomously 
within its user configurable autoscan function. 


The functional diagram of the ADC is shown in Figure 1S. 


Feature Overview: 


• 1a-bit resolution. 


• 8 multiplexed analog inputs. 


• Programmable autoscan of the analog inputs. 


• Bit oriented 8-bit scan-select register to select analog inputs. 


• Continuous scan or one time scan configurable from 1 to 8 analog 
inputs. 


• Start of a conversion by software or with an extemal signal. 


• Eight 1a-bit buffer registers, one register for each analog input 


channel. 


• Interrupt request after one channel scan loop. 


• Programmable prescaler (dividing by 2, 4, 6, 8) to adapt to 


different system clock frequencies. 


• Conversion time for one AID conversion: 1SI15 ... SO115 


• Differential non-linearity 


• Integral non· linearity 


• Offset error 


DLe ±1 LSB. 


ILe 
±2LSB. 


OSe±2LSB. 


Ge 
±o.4%. 


Ae 
±3LSB. 


Mctc±1LSB. 


Ct < ~OdB. 
@100 kHz. 


• Absolute voltage error 


• Channel to channel matching 


• Crosstalk between analog inputs 


• Monotonic and no missing codes. 


• Separated analog (AVec, AVss) and digital (Yee, Vss) supply 


voltages. 


SYMBOL 
NAME 
ACCESS 


ADCON 
AID control register 
readlwrite 


ADPSS 
Analog port scan-select register 
readlwrite 


ADRSLn 
8 AID result registers, the 8 lower bits (n: 0...7) 
read only 


ADRSH 
AID result register, the 2 higher bits 
read only 


PS 
Digital input port (shared with analog inputs) 
read only 


AID Control Register ADCON 
The Special Function Register ADCON contains control and status 
bits for the AID Converter peripheral block. The reset value of 
ADCON is (00000000). Its hardware address is D7H. ADCON is not 
bit addressable. 


ADCO 
SAR 
I 
COMPARATOR 


I 


ANALOG 


I 
Mux. 
I 
I 
I 
ADC7 


0 


10 
AVr.,+ 
• 


AVre,_ 0 
10 


AVOOl 0 
• 
ax 


AVSS1 0 


1o-blt 
result 
• 
registers 


ADEXS 0 


SYMBOL 
BIT 
FUNCTION 


ADCON.7 
ADPR1 
Control bit for the prescaler. 


ADCON.6 
ADPRO 
Control bit for the prescaler. 
ADPR1=0 ADPRO=O 
Prescaler divides by 2 (default by reset) 
ADPR1=0 ADPRO=1 
Prescaler divides by 4 
ADPR1=1 ADPRO=O 
Prescaler divides by 6 
ADPR1=1 ADPRO=1 
Prescaler divides by a 


ADCON.5 
ADPOS 
ADPOS is reserved for future use. Must be '0' if ADCON is written. 


ADCON.4 
ADINT 
ADC interrupt flag. This flag is set when all selected analog inputs are converted, as well in continuous 
scan as in one-time scan mode. An interrupt is invoked if this interrupt is enabled. ADINT must be cleared 
by software. It cannot be set by software. 


ADCON.3 
ADSST 
ADC start and status. Selting this bit by software or by hardware (via ADEXS input) starts the AID 
conversion of the selected analog inputs. ADSST stays a 'one' in continuous scan mode. In one-time scan 
mode, ADSST is cleared by hardware when the last selected analog input channel has been converted. As 
long as ADSST is '1', new start commands to the ADC-block are ignored. 
An AID conversion in progress is aborted if ADSST is cleared by software. 


ADCON.2 
ADCSA 
1 
= 
Continuous scan of the selected analog inputs after a start of an AID conversion. 


0 
= 
One-time scan of the selected analog inputs after a start of an AID conversion. 


ADCON.l 
ADSRE 
1 
= 
A rising edge at input ADEXS will start the AID conversion and generate a capture signal. 


0 
= 
A rising edge at input ADEXS has no effect. 


ADCON.O 
ADS FE 
1 
= 
A falling edge at input ADEXS will start the AID conversion and generate a capture signal. 


0 
= 
A falling edge at input ADEXS has no effect. 


AID Input Port Scan-Select 
Register 
ADPSS 


The Special Function Register ADPSS contains control bits to select 
the analog input channel(s) to be scanned for ND conversion. The 
reset value of ADPSS is (00000000). Its hardware address is E7H. 
ADPSS is not bit addressable. 


If all bits are '0' then no ND conversion can be started. If ADPSS is 
written while an ND conversion is in progress (ADSST in the 
ADCON register is '1') then the autoscan loop with the previous 
selected analog inputs is completed first. The next autoscan loop is 
performed with the new selected analog inputs. 


7 
6 
5 
4 
3 
2 
1 
0 


ADPSS(E7H) 
ADPSS7 
ADPSS6 
ADPSS5 
ADPSS4 
ADPSS3 
ADPSS2 
ADPSS1 
ADPSSO 


The corresponding analog input is skipped in the auto-scan loop. 
The corresponding analog input is included in the auto-scan loop. 


AID Result Registers 
ADRSLn 
and ADRSH: 
The binary result code of ND conversions is accessed by these 
Special Function Registers. The result SFR are read only registers. 
The read value after reset is indeterminate. Their data are not 
affected by chip reset. They are not bit addressable. 


There are 8 Special Function Registers ADRSLn 
(ADRSLO...ADRSL7) -IVD Result Low byte - and one general SFR 
ADRSH - ND Result High byte - . Each of ADRSLn is associated 
with the coincidently indexed analog input channel ADCn 
(ADCO/P5.0 ...ADC71P5.7). Reading an ADRSLn register by 
software copies at the same time the two highest bits of the 10-bit 
conversion result into two latches, thus preserving them until the 
next read of any ADRSLn register. These two latches form bit 
positions 0 and 1 of SFR ADRSH, the upper 6 bits of ADRSH are 
always read as '0'. 


Thus it is ensured to get the 10-bit result of the same single ND 
conversion by reading any register ADRSLn first and after it the 
register ADRSH. 


7 
6 
5 
4 
3 
2 
1 
0 


ADRSLn 
ADRSn.7 
ADRSn.6 
ADRSn.5 
ADRSn.4 
ADRSn.3 
ADRSn.2 
ADRSn.1 
ADRSn.O 


(n: 0...7) 


I 
I 


7 
6 
5 
4 
3 
2 
I ADR~' 
I 


0 


ADRSH 
0 
0 
0 
0 
0 
0 
ADRSn.8 


Digital Input Port Register P5 
Port 5 Special Function Register P5 always represents the binary 
value of the logic level at input pins P5.0/ADCO...P5.7/ADC7. P5 is 
not affected by chip reset. P5 is a read only register. Its hardware 
address is C7H. P5 is not bit addressable. 


Reading Special Function Register P5 does not affect AID 
conversions. But it is recommended to use the digital input port 
function of the hardware Port 5 only as an altemative to analog input 
voltage conversions. Simultaneous mixed operation is discouraged 
for the sake of AID conversion result reliability and accuracy. 


For further information on Port 5, refer to the "lID facilities" section. 


For further information on AID Special Function Registers, refer to 
the "Intemal Data Memory" section. 
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PS (C7H) 
P5.7 
P5.6 
P5.5 
P5.4 
P5.3 
P5.2 
P5.1 
P5.0 


Reset 
After a RESET of the microcontroller the ADCON and ADPSS 
register bits are initialized to zero. Registers ADRSLn and ADRSH 
are not initialized by a RESET. 


Idle and Power-down Mode 
The AID Converter is active only when the microcontroller 
is in 


normal operating mode. If the Idle or Power-down Mode is activated, 
then the ADC is switched off and put into a power saving idle state - 
a conversion in progress is aborted, a previously set ADSST flag is 
cleared and the internal clock is halted. The conversion result 
registers are not affected. 


The interrupt flag ADINT will not be set by activation of Idle or 
Power-down Mode. A previously set flag ADINT will not be cleared 
by the hardware. (Note: ADINT cannot be cleared by hardware at 
all, except for a RESET - it must be cleared by the user software.) 


After a wakeup from Idle or Power-down Mode a set flag ADINT 
indicates that at least one autoscan loop was finished completely 
before the microcontroller was put into the respective power 
reduction mode and it indicates that the stored result data may be 
fetched now - if desired. 


For further information on Idle and Power-down Mode, refer to the 
"Power reduction modes" section. 


Timing 
A programmable prescaler is controlled by the bits ADPR1 and 
ADPRO in register ADCON to adapt the conversion time for different 
microcontroller clock frequencies. 


Table 11 shows conversion times (tconv) for one AID conversion at 
some convenient system clock frequencies (fclk) and ADC prescaler 
divisors (m), which are user selectable by the bits ADCON.7/ADPR1 
and ADCON.6/ADPRO. 


For conversion times outside the limits for tconv the specified ADC 
characteristics are not guaranteed; (prohibited conversion times are 
put in brackets): 


Table 11. 
Conversion time configuration 


examples 
(tconv/J.1S) 


felK 


m 
6MHz 
8MHz 
12 MHz 
16 MHz 


2 
26 
19.5 
[13] 
[9.75] 


4 
50 
37.5 
25 
18.75 


6 
[74] 
[55.5J 
37 
27.75 


8 
[98] 
[73.5J 
49 
36.75 


Conversion time tconv = (6 m + 1) machine cycles 


A conversion time tconv consists of one sample time period (which 
equals two bit conversion times), 10 bit conversion time periods and 
one machine cycle to store the result. 


After result storage an extra initializing time period follows to select 
the next analog input channel (according to the contents of SFR 
ADPSS), before the input signal is sampled. 


Thus the time period between two adjacent conversions within an 
autoscan loop is larger than the pure time tconv. This autoscan cycle 
time is ( 7 m ) machine cycles. 


At the start of an autoscan conversion the time between writing to 
SFR ADCON and the first analog input signal sampling depends on 
the current prescaler value (m) and the relative time offset between 
this write operation and the internal (divided) ADC clock. This gives 
a variation range for the AID conversion start time of ( m I 2 ) 
machine cycles. 


6.6.2 
Configuration and Operation 


Every AID conversion is an autoscan conversion. The two user 
selectable general operation modes are continuous scan and 
one-time scan mode. 


The desired analog input port channells for conversion is/are 
selected by programming AID input port scan-select bits in SFR 
ADPSS. An analog input channel is included in the autoscan loop if 
tihecorresponding 
bit in ADPSS is 1. a channel is skipped if tihe 
corresponding bit in ADPSS is O. 


An autoscan is always started according to the lowest bit position of 
ADPSS tihat contains a 1. 


An autoscan conversion is started by setting the flag ADSST in 
register ADCON eitiher by software or by an external start signal at 
input pin ADEXS. if enabled. Either no edge (eX1ernalstart totally 
disabled), a rising edge or/and a falling edge of ADEXS is selectable 
for external conversion start by the bits ADSRE and ADSFE in 
register ADCON. 


After completion of an AID conversion the 10-bit result is stored in 
tihe corresponding 
1O-bit buffer register. Then the next analog input 


is selected according to the neX1higher set bit position in ADPSS, 
converted and stored, and so on. When the result of the last 
conversion of this autoscan loop is stored, flag ADCON.4/ADINT, 
tiheADC interrupt flag, is set. It is not cleared by interrupt hardware 
- it must be cleared by software. 


In continuous scan mode (ADCON.2JADCSA=1) 
the ADC start and 


status flag ADCON.31ADSST retains the set state and the autoscan 
loop restarts from the beginning. In one-time scan mode (ADCSA=O) 
conversions stop after the last selected analog input was converted, 
ADINT is set and ADSST is cleared automatically. 


ADSST cannot be set (neither eX1ernally nor by software) as long as 
ADINT =1, i.e. as long as ADINT is set, a new conversion start - by 
setting flag ADSST - is inhibited; actually it is only delayed until 
ADINT is cleared. 


(If a '1' is written to ADSST while ADINT =1, this new value is 
intemally latched and preserved, not setting ADSST until 
ADCON.4/ADINT =0. In this state, a read of SFR ADCON will display 
ADCON.31ADSST =0, because always the effective ADC status is 
read.) 


Note that under software control tihe analog inputs can also be 
converted in arbitrary order, when one-time scan mode is selected 
and in SFR ADPSS only one bit is set at a time. In this case ADINT 
is set and ADSST is cleared after every conversion. 


6.6.3 
Resolution 
and Characteristics 


The ADC system has its own analog supply pins AVDDand AVss. lt 
is referenced by two special reference voltage input pins sourcing 
the resistance ladder of the DAC: AVref+and AV,ef_' The voltage 
between AVREF+and AVREF_defines the full-scale range. Due to 
tihe 1a-bit resolution the full scale range is divided into 1024 unit 
steps. The unit step voltage is 1 LSB, which is typically 5 mV 
(AVref+= 5.12 V, AV,ef_= 0 V = AVss). 


The DAC's resistance ladder has 1023 equally spaced taps, 
separated by a unit resistance 'R'. The first tap is located 0.5 x R 
above AV,ef_, the last tap is located 1.5 x R below AVre,+.This 
results in a total ladder resistance of 1024 x R. This structure 
ensures tihatthe DAC is monotonic and results in a symmetrical 
quantization error. For input voltages between AV,ef_ and 
(AVref- + 1/2 LSB) the 10-bit conversion result code will be 
00 0000 0000 B = OOOH= aD. For input voltages between 


The result code corresponding to an analog input voltage (AVin) can 
be calculated from the formula: 


ResultCode = 1024 x 
AV1N 
- 
AV,ef_ 
AVref+ - AV,ef_ 


The analog input voltage should be stable when it is sampled for 
conversion. At any times tihe input voltage slew rate must be less 
than 10 V/ms (5 V conversion range) in order to prevent an 
undefined result. 


This maximum input voltage slew rate can be ensured by an RC low 
pass filter with R = 2k2 and C = 100 nF. The capacitor between 
analog input pin and analog ground pin shall be placed close to the 
pins in order to have maximum effect in minimizing input noise 
coupling. 


6.7 
Timer/Counters 
The P8xCE558 contains three 16-bit timer/event counters: Timer 0, 
Timer 1 and Timer T2 and one 8-bit timer, T3. Timer 0 and Timer 1 
may be programmed to carry out the following functions: 


• Measure time intervals and pulse durations 


• Count events 


6.7.1 
Timer 0 and Timer 1 
Timers a and 1 each have a control bit in SFR TMOD that selects 
the timer or counter function of tihe corresponding 
timer. 


In the timer function, the register is incremented every machine 
cycle. Thus, one can think of it as counting machine cycles. Since a 
machine cycle consists of 12 oscillator periods, tihe count rate is 
1/12 of the oscillator frequency. 


In the counter function, the register is incremented in response to a 
1-to-0 transition at tihe corresponding extemalinputpin.TOorT1.ln 
this function, the eX1ernalinput is sampled during S5P2 of every 
machine cycle. When the samples show a HIGH in one cycle and a 
LOW in the neX1cycle, the counter is incremented. Thus, it takes 
two machine cycles (24 oscillator periods) to recognize a 1-to-0 
transition. There are no restrictions on the duty cycle of the eX1ernal 
input signal, but to insure that a given level is sampled at least once 
before it changes, it should be held for at least one full machine 
cycle. 


Timer a and Timer 1 can be programmed independently to operate 
in one of four modes: 


• Mode 0: 
8-bit timer or 8-bit counter each with divide-by-32 prescaler 


• Mode 1: 
16-bit time-interval or event counter 


• Mode 2: 
8-bit time-interval or event counter with automatic reload 
upon overfiow 


• Mode 3: 


-Timer 0: one 8-bit time-interval or event counter and 


one 8-bit time-interval counter 


-Timer 1: stopped 


When Timer a is in Mode 3, Timer 1 can be programmed to operate 
in Modes 0, 1 or 2 but cannot set an interrupt request flag or 
generate an interrupt. However the overflow from Timer 1 can be 
used to pulse the serial port baud-rate generator. 


With a 16 MHz crystal, the counting frequency of these 
timer/counters 
is as foJlows: 


• In the timer function, the timer is incremented at a frequency of 
1.33 MHz - a division by 12 of the system clock frequency 


• a Hz to an upper limit of 0.66 MHz (1/24 of the system clock 


frequency) when programmed for external inputs 


Both internal and external inputs can be gated to the counter by a 
second extemal source for directly measuring pulse durations. 


When configured as a counter, the register is incremented on every 
falling edge on the corresponding 
input pin. TO or T1. The 


incremented register value can be read earliest during the second 
machine cycle after that one, during which the incrementing pulse 
occurred . 


The counters are started and stopped under software control. Each 
one sets its interrupt request flag when it overflows from aJlHIGHs 
to aJlLOWs (or automatic reload value), with the exception of mode 
3 as previously described. 
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TMOD(89H) 
GATE 
CIT 
M1 
MO 
GATE 
CIT 
M1 
MO 


'----------.........---------_/'----------.........---------_/ 


Timer 1 
Timer a 


SYMBOL 
BIT 
FUNCTION 


Gate 
TMOD.7 
Gating control when set. Timer/Counter "x" is enabled only while "Il'JTX" 
pin is high and "TRx" control pin is set. 


TMOD.3 
When cleared Timer "x" is enabled whenever "TRx" control bit is set. 


CIT 
TMOD.6 
Timer or Counter Selector cleared for Timer operation (input from intemal system clock). Set for Counter 
TMOD.2 
operation (input from "Tx" input pin). 


M1 
TMOD.5 
Timer 0, Timer 1 mode select see Table 13. 


TMOD.1 
MO 
TMOD.4 
TMOD.O 


M1 
MO 
OPERATING 


a 
a 
8048 Timer "TLx" serves as 5-bit prescaler. 


a 
1 
16-bit Timer/Counter "THx" and "TLx" are cascaded; there is no prescaler. 


1 
a 
8-bit auto-reload Timer/Counter "THx" holds a value which is to be reloaded into "TLx" each time it overflows. 


1 
1 
(Timer 0) TLO is an 8-bit Timer/Counter controJled by the standard Timer a control bits. THO is an 8-bit timer 
only controJled by Timer 1 control bits. 


1 
1 
(Timer 1) Timer/Counter 
1 stopped. 
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TCON (88H) 
TF1 
TR1 
TFO 
TRO 
IE1 
IT1 
IEO 
ITO 


SYMBOL 
BIT 
FUNCTION 


TF1 
TCON.7 
TImer 1 overflow flag. Set by hardware on TImer/Counter overflow. Cleared by hardware when processor 
vectors to interrupt routine. 


TR1 
TCON.6 
TImer 1 run control bit. SeVcleared by software to turn TImer/Counter on/off. 


TFO 
TCON.S 
TImer 0 overflow flag. Set by hardware on TImer/Counter overflow. Cleared by hardware when processor 
vectors to interrupt routine. 


TRO 
TCON.4 
TImer 0 run control bit. SeVcleared by software to turn TImer/Counter on/off. 


IE1 
TCON.3 
Interrupt 1 edge Ilag. Set by hardware when external 
interrupt edge detected. 
Cleared when interrupt 
processed. 


IT1 
TCON.2 
Interrupt 1type control bit. SeVcleared by software to specify lalling edgeAow level triggered external interrupts. 


IEO 
TCON.1 
Interrupt 0 edge Ilag. Set by hardware when external 
interrupt edge detected. 
Cleared when interrupt 
processed. 


ITO 
TCON.O 
Interrupt 0 type control bit. SeVcleared by software to speclfylalling 
edgeAow level triggered external interrupts. 


6.7.2 
Timer T2 
Timer T2 is a 16 bit timer/counter which has capture and compare 
facilities. The operational diagram is shown in Figure 21. 


The 16 bit timer/counter 
is clocked via a prescaler with a 


programmable division factor of 1, 2, 4 or 8. The inpu1of the 
prescaler is clocked with 1/12 of the clock frequency, or by an 
external source connected to the T2 input, or it is switched off. The 
maximum repetition rate of the external clock source is fCLK/12, 
twice that of Timer 0 and Timer 1. The prescaler is incremented on a 
rising edge. lt is cleared if its division factor or its input source is 
changed, or if the timer/counter 
is reset (see also Figure 22: 
TM2CON). T2 is readable 'on the fly', without any extra read 
latches; this means that software precautions have to be taken 
against misinterpretation 
at overflow from least to most significant 


oft 


'elK 


T2 


RT2 
1 
T2ER 


Externlll •.•••• 
enable 


S 
R 
P4.0 


S 
R 
P4.1 


S 
R 
P4.2 
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S 
R 
P4.3 


S 
R 
P4.4 


S 
R 
P4.S 


TG 
T 
P4.6 


TG 
T 
P4.7 


STE 
RTE 


byte while T2 is being read. T2 is not loadable and is reset by the 
RST signal or at the positive edge of the input signal RT2, if 
enabled. In the Idle or Power-down Mode the timer/counter 
and 


prescaler are reset and halted. 


T2 is connected to four 16-bit Capture Registers: CTO, CT1, CT2 
and CT3. A rising or falling edge on the inputs CTOI, Cnl, 
CT21 or 


CT31 (alternative function of Port 1) results in loading the contents of 
T2 into the respective Capture Registers and an interrupt request. 


Using the Capture Register CTCON (see Figure 23), these inputs 
may invoke capture and interrupt request on a positive, a negative 
edge or on both edges. If neither a positive nor a negative edge is 
selected for capture input, no capture or interrupt request can be 
generated by this input. 


8-b1t overflow Interrupt 


16ebft overftow 
Interrupt 


S 
so Ht 


R 
= re •• ' 
T 
= toggle 


TG = toggle 
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TM2CON (EAH) 
T21S1 
T21S0 
T2ER 
T2BO 
T2P1 
T2PO 
T2MS1 
T2MSO 


SYMBOL 
BIT 
FUNCTION 


T21S1 
TM2CON.7 
TImer T2 16-bit overflow interrupt select 


T21S0 
TM2CON.6 
TImer T2 byte overflow interrupt select 


T2ER 
TM2CON.5 
TImer T2 external reset enable. When this bit is set, TImer T2 may be reset by a rising edge on RT2 (P1.5). 


T2BO 
TM2CONA 
TImer T2 byte overflow interrupt flag 


T2P1 
TM2CON.3 
TImer T2 prescaler select 


T2PO 
TM2CON.2 


T2MS1 
TM2CON.1 
TImer T2 mode select 


T2MSO 
TM2CON.O 


T2P1 
T2PO 
TIMER T2 CLOCK 
r 


0 
0 
Clock source 


0 
1 
Clock source/2 


1 
0 
Clock source/4 


1 
1 
Clock source/B 


T2MS1 
T2MSO 
MODE SELECTED 


0 
0 
TImer T2 halted (off) 


0 
1 
T2 clock source = fCLK/12 


1 
0 
Test mode; do not use 


1 
1 
T2 clock source = pin T2 
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CTCON(E8H) 
CTN3 
CTP3 
CTN2 
CTP2 
CTN1 
CTPl 
CTNO 
CTPO 


SYMBOL 
BIT 
FUNCTION 


CTN3 
CTCON.7 
Capture Register 3 triggered by a falling edge on CT31 


CTP3 
CTCON.6 
Capture Register 3 triggered by a rising edge on CT31 


CTN2 
CTCON.5 
Capture Register 2 triggered by a falling edge on CT21 


CTP2 
CTCON.4 
Capture Register 2 triggered by a rising edge on CT21 


CTN1 
CTCON.3 
Capture Register 1 triggered by a falling edge on CTll 


CTP1 
CTCON.2 
Capture Register 1 triggered by a rising edge on CTll 


CTNO 
CTCON.l 
Capture Register 0 triggered by a falling edge on CTOI 


CTPO 
CTCON.O 
Capture Register 0 triggered by a rising edge on CTOI 


The contents of the Compare Registers CMO, CMl and CM2 are 
continuously compared with the counter value of TImer T2. When a 
match occurs, an interrupt may be invoked. A match of CMO sets 
the bits 0-5 of Port 4, a CM1 match resets these bits and a CM2 
match toggles bits 6 and 7 of Port 4, provided these functions are 
enabled by the STE respectively RTE registers. A match of CMO 
and CM1 at the same time results in reselling bits 0-5 of Port 4. 
CMO, CM1 and CM2 are reset by the RSTIN signal. 
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TM2IR(C8H) 
T20V 
CMI2 
CMI1 
CMIO 
CTI3 
CTI2 
CTI1 
CTIO 


SYMBOL 
BIT 
FUNCTION 


T20V 
TM2IR.7 
TImer T2 16-bit overflow interrupt flag 


CMI2 
TM21R.6 
CM2 interruplflag 
, 


CMI1 
TM2IR.5 
CM1 interrupt flag 


CMIO 
TM21R.4 
CMO interrupt flag 


CTI3 
TM2IR.3 
CT3 interrupt flag 


CTI2 
TM2IR.2 
CT2 interrupt flag 


CTll 
TM2IR.1 
CTl interrupt flag 


CTIO 
TM2IR.O 
CTO interrupt flag 


SYMBOL 
BIT 
FUNCTION 


TG47 
STE.7 
If "1" then P4.7 is reset on the next toggle, if LOW P4.7 is set on the next toggle 


TG46 
STE.6 
If "1" then P4.6 is reset on the next toggle, if LOW P4.6 is set on the next toggle 


SP45 
STE.5 
If "1" then P4.5 is set on a match between CMO and Timer T2 


SP44 
STEA 
If "1" then P4A is set on a match between CMO and Timer T2 


SP43 
STE.3 
If "1" then P4.3 is set on a match between CMO and Timer T2 


SP42 
STE.2 
If "1" then P4.2 is set on a match between CMO and Timer T2 


SP41 
STE.1 
If "1" then P4.1 is set on a match between CMO and Timer T2 


SP40 
STE.O 
If "1" then P4.0 is set on a match between CMO and Timer T2 
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RTE(EFH) 
TP47 
TP46 
RP45 
RP44 
RP43 
RP42 
RP41 
RP40 


SYMBOL 
BIT 
FUNCTION 


TP47 
RTE.7 
If "1" then P4.7toggles 
on a match between CM2 and Timer T2 


TP46 
RTE.6 
If "1" then P4.6 toggles on a match between CM2 and Timer T2 


RP45 
RTE.5 
If "1" then P4.5toggles 
on a match between CM1 and Timer T2 


RP44 
RTEA 
If "1" then P4.4 toggles on a match between CM1 and Timer T2 


RP43 
RTE.3 
If "1" then P4.3 toggles on a match between CM1 and Timer T2 


RP42 
RTE.2 
1f"1" then P4.2toggles 
on a match between CM1 and Timer T2 


RP41 
RTE.1 
If "1" then P4.1 toggles on a match between CM1 and Timer T2 


RP40 
RTE.O 
If "1" then P4.O toggles on a match between CM1 and Timer T2 


For more information concerning the TM2CON, CTCON, TM21R and 
the STE/RTE registers see IC20 handbook, chapter "SOC51family 
hardware description". 


Port 4 can be read and written by software without affecting the 
toggle, set and reset signals. At a byte overflow of the least 


significant byte, or at a 16-bit overflow of the timer/counter, an 
interrupt sharing the same interrupt vector is requested. Either one 
or both of these overflows can be programmed to request an 
interrupt. 


All interrupt flags must be reset by software. 


6.8 
Watchdog Timer T3 
In addition to Timer T2 and the standard timers, a watchdog timer 
(T3) consisting of an 11-bit prescaler and an 8-bit timer is also 
incorporated (see Rgure 27). 


The timer is incremented every 1.5 ms, derived from the system 
clock frequency of 16 MHz by the following: 


fClK 
f';mo, = 12 x 2048 


When a timer overflow occurs, the microcontroller 
is reset and a 
reset output pulse is generated at pin RSTOUT. Also the PLL control 
register is reset. 


To prevent a system reset the timer must be reloaded in time by the 
application software. If the processor suffers a hardware/software 
malfunction, the software will fail to reload the timer. This failure will 


produce a reset upon overflow thus preventing the processor 
running out of control. 
. 


The watchdog timer can only be reloaded if the condition flag 
WLE = PCON.4 has been previously set by software. 


At the moment the counter is loaded the condition flag is 
automatically cleared. 


The time interval between the timer's reloading and the occurrence 
of a reset depends on the reloaded value. For example, this may 
range from 1.5 ms to 0.375 s when using an oscillator frequency of 
16MHz. 


In the Idle state the watchdog timer and reset circuitry remain active. 


The watchdog timer is controlled by the watchdog enable pin (EW). 
A LOW level enables the watchdog timer and disables the 
Power-down Mode. A HIGH level disables the watchdog timer and 
enables the Power-down Mode. 


TimerT3 
(8-bit) 


LOAD LOADEN 


6.9 
Serial VO 
The PBxCE55B is equipped with two independent serial ports: 
sioa 
and Sial. 
sioa 
is the full duplex UART port, identical to the 


PCBBaC51 serial port. SIOI is an 12C-busserial I/O interface with 
byte oriented master and slave functions. 


6.9.1 
5100 (UART) 
SIO a is a full duplex serial I/O port - it can transmit and receive 
simultaneously. This serial port is also receive-buffered. 
It can 


commence reception of a second byte before the previously 
received byte has been read from the receive register. If, however, 
the first byte has still not been read by the time reception of the 
second byte is complete, one of the bytes will be lost. The sioa 
receive and transmit registers are both accessed via the SaBUF 
special function register. Writing to SaBUF loads the transmit 
register, and reading saBUF accesses to a physically separate 
receive register. sioa 
can operate in 4 modes: 


Serial data is transmitted and received through RXD. 
TXD outputs the shift clock. B data bits are 
transmitted/received 
(LSB first). The baud rate is 


fixed at 1/12 of the oscillator frequency. A write into 
SaCON should be avoided during a transmission to 
avoid spikes on RXDITXD. 


1a bits are transmitted via TXD or received through 
RXD: a start bit (a), B data bits (LSB first), and a 
stop bit(I). On receive, the stop bit is put into RBB 
(SaCON special function register). The baud rate is 
variable. 


11 bits are transmitted through TXD or received 
through RXD: a start bit (a), B data bits (LSB first), a 
programmable 9th data bit, and a stop bit (1). On 
transmit, the 9th data bit (TBB in SaCON) can be 
assigned the value of a or 1. With nominal software, 
TBB can be the parity bit (P in PSW). During a 
receive, the 9th data bit is stored in RBB (SaCON), 
and the stop bit is ignored. The baud rate is 
programmable to either 1/32 or 1/64 of the oscillator 
frequency. 


11 bits are transmitted through TXD or received 
through RXD: a start bit (a), B data bits (LSB first), a 
programmable 9th data bit, and a stop bit (1). Mode 
3 is the same as Mode 2 except the baud rate which 
is variable in Mode 3. 


In all four modes, transmission is initiated by any instruction that 
writes to the SaBUF function register. Reception is Initiated in Mode 
a when RI = a and REN = 1. In the other three modes, reception is 
initiated by the incoming start bit provided that REN = 1. 


Modes 2 and 3 are provided for multiprocessor communications. 
In 


these modes, 9 data bits are received with the 9th bit written to RBB. 
The 9th bit is followed by the stop bit. The port can be programmed 
so that with receiving the stop bit, the serial port interrupt will be 
activated if, and only if RBB = 1. 


This feature is enabled by selting bit SM2 in SaCON. This feature 
may be used in multiprocessor systems. 


For more information about how to use the UART in combination 
with the registers SaCON, PCON, lENa, saBUF and Timer register 
refer to the BaC51 Data Handbook IC2a. 
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SaCON (98H) 
SMa 
SMI 
SM2 
REN 
TBB 
RBB 
TI 
RI 


SYMBOL 
BIT 
FUNCTION 


SMa 
saCON.7 
This bit is used to select the serial port mode. See Table 23. 


SMI 
saCON.6 
This bit is used to select the serial port mode. See Table 23. 


SM2 
SaCON.5 
Enables the multiprocessor communication feature in modes 2 and 3. In mode 2 or 3, if 5M2 is set to I, then 
RI will not be activated if the received 9th data bit (RBB) is a. In mode I, if SM2 = I, then RI will not be activated 
if a valid stop bit was not received. In mode 0, SM2 should be a. 


REN 
SaCON.4 
Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


TBB 
SaCON.3 
The 9th data bit that will be transmitted in modes 2 and 3. Set or clear by software as desired. 


RBB 
saCON.2 
In modes 2 and 3, RBB Is the 9th data bit that was received. In mode I, if SM2 = 0, RBB is the stop bit that was 
received. In mode 0, RBB is not used. 


TI 
SaCON.l 
The transmit interrupt flag. Set by hardware at the end of the Bth bit lime in mode 0, or at the beginning of the 
stop bit in the other modes, in any serial transmission. 
Must be cleared by software. 


RI 
SaCON.a 
The receive interrupt flag. Set by hardware at the end of the Bth bit time in mode 0, or halfway through the stop 
bit time in the other modes, in any serial reception (except see SM2). Must be cleared by software. 


SMO 
SMl 
MODE 
DESCRIPTION 
BAUD RATE 


0 
0 
0 
Shift register 
fCLK/12 


0 
1 
1 
8-bit UART 
variable 


1 
0 
2 
9-bitUART 
fCLK/64 or fCLK/32 


1 
1 
3 
9-bitUART 
variable 


6.9.2 
SIOl 
(12C-bus Interface) 
The SI01 of the P8xCE558 provides the fast-mode, which allows a 
fourthfold increase of the bitrate up to 400 kHz. Nevertheless it is 
downward compatible, I.e. it can be used in a 0 to 100 Kbitls 12Cbus 
system. 


Except from the bit rate selection (see Table 25) and the timing of 
the SCL and SDA signals (see AC electrical characteristics 
in 


section 11) the SIO circuit is the same as described in detail in the 
80C51 Data Handbook IC20 for the 8xC552 microcontroller. 


The 12C-bus is a simple bidirectional 2-wire bus for efficient inter-IC 
data exchange. Features of the 12C-bus are: 


• Only two bus lines are required: a serial clock line (SCL) and a 


serial data line (SDA) 


• Each device connected to the bus is software addressable by a 


unique address 


• Masters can operate as Master-transmitter 
or as Master-receiver 


• It's a true multi-master bus including collision detection and 


arbitration to prevent data corruption if two or more masters 
simultaneously 
initiate data transfer 


• Serial clock synchronization 
allows devices with different bit rates 


to communicate via the same serial bus 


• ICs can be added to or removed from an 12C-bussystem without 


affecting any other circuit on the bus 


• Fault diagnostics and debugging are simple; malfunctions can be 


immediately traced 


For more information on the 12C-bus specification (including 
fast-mode) please refer to the Philips publication number 9398 393 
40011 and/or the 80C51 Data Handbook IC20. 


The on-chip 12Clogic provides a serial interface that meets the 
12C-busspecification, supporting all 12C-busmodes of operation, 
they are: 


• Master transmitter 


The SI01 logic performs a byte oriented data transport, clock 
generation, address recognition and bus control arbitration are all 
controlled by hardware. Via two pins the extemal12C-bus 
is 


interfaced to the SIOl 
logic: 


SCL serial clock I/O and SDA serial data I/O, (see Special Function 
Register bit SlCON.61ENS1 
for enabling the SIOl 
logic). 


The SIOl logic handles byte transfer autonomously. 
It keeps track of 
the serial transfers, and a status register (Sl STA) reflects the status 
of SI01 and the 12C-bus. 


Via the following four Special Function Registers the CPU interfaces 
to the 12Clogic. 


SlCON 


SlSTA 


control register. Bit addressable by the CPU 


status register whose contents may be used as a 
vector to service routines. 


data shift register. The data byte is stable as long 
as SlCON.31SI=l. 


slave address register. Ifs LSB enables! disables 
general call address recognition. 


SlADR 
7 


The Control 
Register, 
SlCON: 
The CPU can read from and write to this 8-bit, directly addressable 
SFR. Two bits are affected by the SI01 hardware: the SI bit is set 
when a serial interrupt is requested, and the STO bit is cleared when 
a STOP condition is present on the 12Cbus. The STO bit is also 
cleared when ENS1 = O. 


SYMBOL 
BIT 
FUNCTION 


CR2 
SlCON.7 
Clock rate bit 2, see Table 25. 


ENS1 
SlCON.6 
ENS1 =0: 
Serial 1/0 
disabled and reset. SDA and SCl outputs are high-Z. 


ENS1 =1: 
Serial 1/0 
enabled. 


STA 
SlCON.5 
START flag. When this bit is set in slave mode, the hardware checks the 12Cbus and generates a START 
condition if the bus is free or after the bus becomes free. If the device operates in master mode it will 
generate a repeated START condition. 


STO 
SlCON.4 
STOP flag. If this bit is set in a master mode a STOP condition is generated. A STOP condition detected on 
the 12Cbus clears this bit. This bit may also be set in slave mode in order to recover from an error 
condition. In this case no STOP condition is generated to the 12Cbus, but the hardware releases the SDA 
and SCl lines and switches to the not selected receiver mode. The STOP flag is cleared by the hardware. 


Sl 
SlCON.3 
Serial Interrupt flag. This flag is set, and an interrupt request is generated, after any of the following events 
occur: 
- A START condition is generated in master mode. 
- The own slave address has been received during AA = 1. 
- The general call address has been received while SlADR.O and AA = 1. 
- A data byte has been received or transmitted in master mode (even if arbitration is lost). 
- A data byte has been received or transmitted as selected slave. 
- A STOP or START condition is received as selected slave receiver or transmitter. 
While the SI flag is set, SCl remains lOW and the serial transfer is suspended. SI must be reset by software. 


AA 
SlCON.2 
Assert Acknowledge 
flag. When this bit is set, an acknowledge 
is returned after anyone 
of the following 
conditions: 
- Own slave address is received. 
- General call address is received (SlADR.O = 1). 
- A data byte is received, while the device is programmed to be a master receiver. 
- A data byte is received. while the device is a selected slave receiver. 


When the bit is reset, no acknowledge 
is returned. Consequently, 
no interrupt is requested when the own 
address or general call address is received. 


CR1 
SlCON.1 
Clock rate bits 1 and 0, see Table 25. 
CRD 
SlCON.O 


When SI01 is in a master mode serial clock frequency is 
determined by the clock rate bits CR2, CR1 and CRO. The various 
bit rates are shown in Table 25. 


BIT RATE (kHz) at felK 


CR2 
CR1 
CRO 
12MHz 
16MHz 


1 
0 
0 
50 
66.7 


1 
0 
1 
3.75 
5 


1 
1 
0 
75 
100 


1 
1 
1 
100 
- 


0 
0 
0 
2001 
266.7 
1 


0 
0 
1 
7.5 
10 


0 
1 
0 
3001 
4001 


0 
1 
1 
4001 
- 


The data shown in Table 25 do not apply to SI01 in a slave mode. In 
the slave modes, SI01 will automatically synchronize with any clock 
frequency up to 400kHz. 


Serial status 
register 
S1STA 
S1STA is a read only register. 


The contents of the status register may be used as a vector to a 
service routine. This optimizes the response time of the software 
and consequently that of the 
12C-bus. 


BIT 
FUNCTION 


S1STA.7t03 
5-bit status code 


S1STA.2toO 
These bits are held LOW (for service routine vector increment 8) 


S1STAVALUE 
DESCRIPTION 


08H 
A START condition has been transmitted 


10H 
A repeated START condition has been transmitted 


18H 
SLA and W have been transmitted, ACK has been received 


20H 
SLA and W have been transmitted, ACK received 


28H 
DATA and S1OAT has been transmitted, ACK received 


30H 
DATA and S1OAT has been transmitted, ACK received 


38H 
Arbitration lost in SLA, RJW or DATA 


S1STAVALUE 
DESCRIPTION 


38H 
Arbitration lost while returning ~ 


40H 
SLA and R have been transmitted, ACK received 


48H 
SLA and R have been transmitted, ~ 
received 


50H 
DATA has been received, ACK retumed 


58H 
DATA has been received, ~ 
retumed 


S1STAVALUE 
DESCRIPTION 


60H 
Own SLA and W have been received, ACK retumed 


68H 
Arbitration lost in SLA, RIW as MST. Own SLA and W have been received, ~ 
returned 


70H 
General CALL has been received, ACK returned 


78H 
Arbitration lost in SLA, RIW as MST. General call has been received 


80H 
Previously addressed with own SLA. DATA byte received, ACK returned 


88H 
Previously addressed with own SLA. DATA byte received, ~ 
returned 


90H 
Previously addressed with general call. DATA byte has been received, ACK has been retumed 


98H 
Previously addressed with general call. DATA byte has been received, ~ 
has been retumed 


AOH 
A STOP condition or repeated START condition has been received while still addressed 
as SLV/REC or 
SLVITRX 


S1STAVALUE 
DESCRIPTION 


ASH 
Own SLA and R have been received, ACK returned 


BOH 
Arbitration lost in SLA, RIW as MST. Own SLA and R have been received, ACK returned 


B8H 
DATA byte has been transmitted, ACK returned 


COH 
DATA byte has been transmitted, ~ 
returned 


C8H 
Last DATA byte has been transmitted (AA = logic 0), ACK received 


S1STAVALUE 
DESCRIPTION 


OOH 
Bus error during MST mode or selected SLY mode, due to an erroneous START or STOP condition 


F8H 
No relevant information available, Sl not set 


Abbreviations used: 
SLA 
7-bit slave address 


R 
Read bit 


W 
Write bit 


ACK 
Acknowledgement 
(acknowledge bit = 0) 
~ 
Not acknowledgement 
(acknowledge bit = 1) 
DATA 
8-bit data byte to or from 12C-bus 
MST 
Master 


SLY 
Slave 


TRX 
Transmitter 


REC 
Receiver 


The data shift register 
51 DAT 
This register contains the serial data to be transmitted or data which 
has been received. Bit 7 is transmitted or received first; i.e., data is 
shifted from right to left. 


7 
6 
5 
4 
3 
2 
1 
0 


SlDAT(DAH) 
SlOAT.7 
SlOAT.6 
SlOAT.5 
SlOAT.4 
SlDAT.3 
SlDAT.2 
SlOAT. 1 
SlDAT.O 


The address 
register 
Sl ADR 
This 8-bit register may be loaded with the 7-bit slave address to 
which the controller will respond when programmed as a slave 
receiver/transmitter. 
The LSB (GC) is used to determine whether the 
general call address is recognized. 


7 
6 
5 
4 
3 
2 
1 
0 


SlADR(DBH) 
SLA6 
SLA5 
SLA4 
SLA3 
SLA2 
SLA1 
SLAO 
GC 


SYMBOL 
BIT 
FUNCTION 


SLA6to 
0 
SlADR.7to1 
Own slave address 


GC 
SlADR.O 
o = general call address is not recognized 
1 = general call address is recognized 


6.10 
Interrupt 
System 


External events and the real-time-driven on-chip peripherals require 
service by the CPU asynchronously 
to the execution of any 


particular section of code. To tie the asynchronous activities of these 
functions to normal program execution a multiple-source, 
two-priority-Ievel, 
nested interrupt system is provided. Interrupt 
response time in a single-interrupt 
system is in the range from 


2.2511Sto 6.7511Swhen using a 16MHz crystal. The latency time 
depends on the sequence of instructions executed directly after an 
interrupt request. 


The P8xCE558 acknowledges 
interrupt requests from 15 sources as 


follows (see Figure 34): 


• 
IJilTOandlJiITf 
external interrupts 


• Timer 0 and Timer 1 internal timer/counter interrupts 


• Timer 2 internal timer/counter by1e and/or 16-bit overflow, 3 


compare and 4 capture interrupts (or 4 additional external 
interrupts) 1 


• 
UART serial I/O port receiveltransmit 
interrupt 


• 12C-businterface serial I/O interrupt 


• ADC autoscan completion interrupt 


• 'Seconds' timer interrupt SEC (ored with TfiITf). 


For details about seconds timer interrupts, please refer to chapter 
6.13.4. 


The External Interrupts IJilTOand IIIITT can each be either 
level-activated or transition-activated, 
depending on bits ITOand In 


in register TCON. The flags that actually generate these interrupts 
are bits IEOand IE1 in TCON. When an external interrupt is 
generated, the corresponding 
request flag is cleared by the 


hardware when the service routine is vectored to only if the interrupt 
was transition-activated. 
If the interrupt was level-activated then the 


interrupt request flag remains set until the external interrupt pin lNTX 
goes high. Consequently the external source has to hold the request 
active until the requested interrupt is actually generated. Then it has 
to deactivate the request before the interrupt service routine is 
completed, or else another interrupt will be generated. As these 
external interrupts are active LOW a "wire-ORing" of several 
interrupt sources to one input pin allows expansion. 


The Timer 0 and Timer 1 Interrupts are generated by TFO and TF1 , 
which are set by a rollover in their respective timer/counter register 
(except for Timer 0 in Mode 3 of the serial interface). When a Timer 
interrupt is generated, the flag that generated it is cleared by the 
on-chip hardware when the service routine is vectored to. 


The eight Timer/Counter T2 Interrupt sources are: 4 capture 
Interrupts (1), 3 compare interrupts and an overflow interrupt. The 
appropriate interrupt request flags must be cleared by software. 


The UART Serial Port Interrupt is generated by the logical OR of RI 
and TI. Neither of these flags is cleared by hardware. The service 
routine will normally have to determine whether it was RI or TI that 
generated the interrupt, and the bit will have to be cleared by 
software. 


The 12CInterrupt is generated by bit SI in register S1CON. This flag 
has to be cleared by software. 


The ADC Interrupt is generated by bit ADINT, which is set when of 
all selected analog inputs to be scanned, the conversion is finished. 
ADINT must be cleared by software. It cannot be set by software. 


The 'Seconds' timer Interrupt is generated by bit SECINT in register 
PLLCON. This flag has to be cleared by software. Note that the 
'Seconds' timer can only be used with the 
32 kHz PLL oscillator. 


All of the bits that generate interrupts can be set or cleared by 
software, with the same result as though it had been set or cleared 
by hardware (except the ADC interrupt request flag ADINT, which 
cannot be set by software). That is, interrupts can be generated or 
pending interrupts can be cancelled in software. 


The Interrupts XO, TO, X1, T1, SEC, SOand S1 are capable to 
terminate the Idle Mode. 


Interrupt 
Enable 
Registers 


Each interrupt source can be individually enabled or disabled by 
setting or clearing a bit in the interrupt enable special function 
registers IENO and IEN1. All interrupt sources can also be globally 
disabled by clearing bit EA in IENO. The interrupt enable registers 
are described in Figures 34 and 36. 


Interrupt 
Priority 
Structure 
Each interrupt source can be assigned one of two priority levels. 
Interrupt priority levels are defined by the interrupt priority special 
function registers IPOand IP1. IPOand IP1 are described in Figures 
37 and 38. 


Interrupt priority levels are as follows: 
"0"-low 
priority 


"1"---Ngh priority 


A low priority interrupt may be interrupted by a high priority interrupt. 
A high priority interrupt cannot be interrupted by any other interrupt 
source. If two requests of different priority occur simultaneously, the 
high priority level request is serviced. If requests of the same priority 
are received simultaneously, an internal polling sequence 
determines which request is serviced. Thus, within each priority 
level, there is a second priority structure determined by the polling 
sequence. This second priority structure is shown in Table 37. 


Interrupt 
Handling 
The interrupt sources are sampled at S5P2 of every machine cycle. 
The samples are polled during the following machine cycle. If one of 
the flags was in a set condition at S5P2 of the previous machine 
cycle, the polling cycle will find it and the interrupt system will 
generate an LCALL to the appropriate service routine, provided this 
hardware- generated LCALL is not blocked by any of the follOWing 
conditions: 
1. An interrupt of higher or equal priority level is already in 


progress. 


2. 
The current machine cycle is not the final cycle in the execution 
of the instruction in progress. (No interrupt request will be 
serviced until the instruction in progress is completed.) 


3. 
The instruction in progress is RETI or any access to the interrupt 
priority or interrupt enable registers. (No interrupt will be serviced 
after RETI or after a read or write to IPO, IP1, lEO, or IE1 until at 
least one other instruction has been subsequently executed.) 


NOTE: 
1. If a capture register is unused and irs contents is of no interest, then the corresponding input pin CTnIlP1.n (n: 0...3) may be used as a 
(configurable) positive and/or negative edge triggered additional extemal interrupt input (INT2, INT3, INT4, INT5). 


The polling cycle is repeated with every machine cycle, and the 
values polled are the values present at S5P2 of the previous 
machine cycle. Note that if an interrupt flag is active but is not being 
responded to because of one of the above conditions, and if the flag 
is inactive when the blocking condition is removed, then the blocked 
interrupt will not be serviced. Thus, the fact that the interrupt flag 
was once active but not serviced is not remembered. Every polling 
cycle is new. 


The processor acknowledges an interrupt request by executing a 
hardware-generated 
LCALL to the appropriate service routine. In 


some cases it also clears the flag which generated the interrupt, and 
in others it does not. It clears the Timer 0, Timer 1, and ex1ernal 


interrupt flags. An ex1emal interrupt flag (IEO or IE1) is cleared only if 
it was transition-activated. 
All other interrupt flags are not cleared by 
hardware and must be cleared by the software. The LCALL pushes 
the contents of the program counter on to the stack (but it does not 
save the PSW) and reloads the PC with an address that depends on 
the source of the interrupt being vectored to as shown in Table 38. 


Execution proceeds from the vector address until the RETI 
instruction is encountered. The RETI instruction clears the "priority 
level active" flip-flop that was set when this interrupt was 
acknowledged. 
It then pops the top two bytes from the stack and 


reloads the program counter. Execution of the interrupted program 
continues from where it was interrupted. 


7 
6 
5 
4 
3 
2 
1 
0 


IENO(A8H) 
EA 
EAD 
ES1 
ESO 
ET1 
EX1 
ETO 
EXO 


SYMBOL 
BIT 
FUNCTION 


EA 
IENO.? 
Global enable/disable control 
0= 
No interrupt is enabled 


1 = 
Any individually enabled interrupt will be accepted 


EAD 
IENO.6 
Enable ADC interrupt 


ES1 
IENO.S 
Enable SI01 (12C)interrupt 


ESO 
IENO.4 
Enable SIOO (UART) interrupt 
, 


ET1 
IENO.3 
Enable Timer 1 interrupt 


EX1 
IENO.2 
Enable External interrupt 1 I Seconds interrupt 


ETO 
IENO.1 
Enable Timer 0 interrupt 


EXO 
IENO.O 
Enable Ex1emal interrupt 0 
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Figure 35. The interrupt 
system. 


SYMBOL 
BIT 
FUNCTION 


ET2 
IEN1.7 
Enable T2 overflow interrupt{s) 


ECM2 
IEN1.6 
Enable T2 comparator 2 interrupt 


ECMl 
IEN1.5 
Enable T2 comparator 1 interrupt 
, 


ECMO 
IEN1A 
Enable T2 comparator 0 interrupt 


ECT3 
IEN1.3 
Enable T2 capture register 3 interrupt 


ECT2 
IEN1.2 
Enable T2 capture register 2 interrupt 


ECTl 
IEN1.l 
Enable T2 capture register 1 interrupt 
- 
- 


ECTO 
IEN1.0 
Enable T2 capture register 0 interrupt 


SYMBOL 
BIT 
FUNCTION 
- 
IPO.7 
Reserved for future use 
, 


PAD 
IPO.6 
ADC interrupt prtority level 
• 


PSl 
IPO.5 
5101 (12C)interrupt prtortty level 


PSO 
IPOA 
5100 (UART) interrupt prtortty level 


PTl 
IPO.3 
TImer 1 interrupt prtority level 


PXl 
IPO.2 
External interrupt l/Seconds 
interrupt prtortty level 


PTO 
IPO.l 
TImer 0 interrupt prtortty level 


PXO 
IPO.O 
External interrupt 0 prtority level 


SYMBOL 
BIT 
FUNCTION 


PT2 
IP1.7 
T2 overflow interrupt(s) priority level 


PCM2 
IP1.6 
T2 comparator 2 interrupt priority level 


PCM1 
IP1.5 
T2 comparator 1 interrupt priority level 


PCMO 
IP1.4 
T2 comparator 0 interrupt priority level 
, 


PCT3 
IP1.3 
T2 capture register 3 interrupt priority level 


PCT2 
IP1.2 
T2 capture register 2 interrupt priority level 


pcn 
IP1.1 
T2 capture register 1 interrupt priority level 


PCTO 
IP1.0 
T2 capture register 0 interrupt priority level 


SOURCE 
NAME 
PRIORITY WITHIN LEVEL 


(highest) 
External interrupt 0 
XO 
i 
SI01 (12C) 
Sl 
ADC completion 
ADC 


Timer 0 overflow 
TO 
Timer 2 capture 0 
CTO 


Timer 2 compare 0 
CMO 


External interrupt l/Seconds 
interrupt 
X1/SEC 


Timer 2 capture 1 
CT1 


Timer 2 compare 1 
CM1 


Timer 1 overflow 
T1 


Timer 2 capture 2 
CT2 
Timer 2 compare 2 
CM2 
SIOO{UART) 
SO 


Timer 2 capture 3 
CT3 


Timer 2 overflow 
T2 
,J.. 


(lowest) 


SOURCE 
NAME 
VECTOR ADDRESS 


External interrupt 0 
XO 
0003H 
Timer 0 overflow 
TO 
OOOBH 
External interrupt l/Seconds 
interrupt 
X1/SEC 
0013H 
Timer 1 overflow 
T1 
001BH 
SIOO{UART) 
SO 
0023H 
SI01 (12C) 
Sl 
002BH 
Timer 2 capture 0 
CTO 
0033H 
Timer 2 capture 1 
CT1 
003BH 
Timer 2 capture 2 
CT2 
0043H 


Timer 2 capture 3 
CT3 
004BH 


ADC completion 
ADC 
0053H 
Timer 2 compare 0 
CMO 
005BH 
Timer 2 compare 1 
CM1 
0063H 
Timer 2 compare 2 
CM2 
006BH 
Timer 2 overflow 
T2 
0073H 


SYMBOL 
BIT 
FUNCTION 


SMOD 
PCON.7 
Double Baud rate bit. When set to logic 1 the baud rate is doubled when the serial port 5100 is being used in 
modes 1, 2, or 3. 


ARD 
PCON.6 
AUX-RAM 
disable 
bit. When 
set to a 1 the 
internal 
768 bytes 
AUX-RAM 
is disabled, 
so that 
all 


MOVX-Instructions 
access the extemal data memory - as it is with the standard PCB80CS1. 


RFI 
PCON.S 
Reduced radio frequency interference bit. When set to a 1 the toggling of ALE pin is prohibited. This bit is 
cleared on RESET (see also sections Features (EMC) and Pinning). 


WLE 
PCON.4 
Watchdog load enable. This flag must be set by software prior to loading timer T3 (watchdog timer). It is cleared 
when timer T3 is loaded. 


GF1 
PCON.3 
General-purpose 
flag bit 


GFO 
PCON.2 
General-purpose 
flag bit 


PD 
PCON.1 
Power-down bit. Setting this bit activates the power-down mode. It can only be set if input EW is high. 


IDL 
PCON.O 
Idle Mode bit. Setting this bit activates the Idle Mode. 


6.11 
Power Reduction Modes 


Two software-selectable 
modes of reduced power consumption are 
implemented. These are the Idle Mode and the Power-down Mode. 


Idle Mode operation permits the interrupt, serial ports and timer 
blocks TO, T1 and T3 to function while the CPU is halted. The 
following functions are switched off when the microcontroller enters 
the Idle Mode: 


e CPU 
(halted) 


The following functions remain active during Idle Mode. These 
functions may generate an interrupt or reset and thus terminate the 
Idle Mode: 


e Timer 0, Timer 1, Timer 3 (Watchdog timer) 


e UART 


el2c 


(stopped and reset) 


(reset, output ~ HIGH) 


(aborted if conversion in progress) 


e External interrupt 


e Seconds Timer 


e PWMO,PWM1 


eADC 


In Power-down Mode the system clock is halted. If the PLL oscillator 
is selected (SELXTAL 1 ~ 0) and the RUN32 bit is set, the 32 kHz 
oscillator keep's running, otherwise it is stopped. If the HF-oscillator 
(SELXTAL 1 ~ 1) is selected, it is stopped after setting the bit PO in 
the PCON register. 


MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 
PORT 4 
SCLJSOA 
PWMllIPWIH 
Idle 
Internal 
1 
1 
data 
data 
data 
data 
data 
operative (1) 
HIGH 
Idle 
External 
1 
1 
high-Z 
data 
address 
data 
data 
operative (1) 
HIGH 
Power-down 
Internal 
0 
0 
data 
data 
data 
data 
data 
high-Z 
HIGH 
Power-down 
External 
0 
0 
high-Z 
data 
data 
data 
data 
high-Z 
HIGH 
NOTE: 
1. 
In Idle Mode SCL and SDA can be active as outputs only if SI01 is enabled; if SI01 is disabled (SlCON.61ENS1 
~ 0) these pins are in a 
high-impedance 
state. 


Interrupt., 
senel 
Port., 
TlI,Tl,T3 


+. 


Power-down 
Mode 
.1.• 


•1.. 
oscillator 
start_up> 
10 ms .1.. 
Interrupts 
are polled 
I 
I 
INTlI : 2 cycles 
•.I .• 
> 560 ms 
., 
mTf 
: 1 cycle 


\ 
>10ms 
[------1 


t 


32 kHz oscillator 
stopped 
running 


.1- 


Idle Mode 


.1- 


LCALL 


6.11.1 
Power Control 
Register 
The modes Idle and Power-down are activated by software via the 
Special Function Register PCON. lis hardware address is 87H. 
PCON is not bit addressable. The reset value of PCON is 
(000סס OO0). 


6.11.2 
Idle Mode 
The Instruction that sets PCON.O is the last instruction executed in 
the normal operating mode before Idle Mode is activated. Once in 
the Idle Mode, the CPU status is preserved in its entirety: the Stack 
Pointer, Program Counter, Program Status Word, Accumulator, RAM 
and all other registers maintain their data during Idle Mode. The 
status of extemal pins during Idle Mode is shown in Table 40. 


There are three ways to terminate the Idle Mode: 


Activation of any enabled interrupt XO, TO, Xl, SEC, n, SO or 51 
will cause PCON.O to be cleared by hardware terminating Idle Mode 
but only, if there is no interrupt in service with the same or higher 
priority. The Interrupt is serviced, and following return from interrupt 
instruc1lon RETI, the next instruction to be executed will be the one 
which follows the instruction that wrote a logic 1 to PCON.O. 


The flag bits GFO and GFl may be used to determine whether the 
interrupt was received during normal execution or during Idle Mode. 
For example, the instruction that writes to PCON.O can also set or 
clear one or both flag bits. When Idle Mode is terminated by an 
interrupt, the service routine can examine the status of the flag bits. 


The second way of terminating the Idle Mode is with an external 
hardware reset. Since the oscillator is still running, the hardware 
reset is required to be active for two machine cycles (24 HF 
oscillator periods) to complete the reset operation if the HF oscillator 
is selected. 


When the PLL oscillator is selected a hardware reset of ~ 1 I'sec 
(but no longer than 10 ms) is required and the microcontroller 
will 
typically restart within 63 msec after the reset has finished. 


The third way of terminating the Idle Mode is by intemal watchdog 
reset. The microcontroller 
restarts after 3 machine cycles in all 


cases. 


6.11.3 
Power-down 
Mode 
The instruction that sets PCON.l 
is the last executed prior to going 


into the Power-down Mode. Once in Power-down Mode, the HF 
oscillator is stopped. The 32 kHz oscillator may stay running. The 
content of the on-chip RAM and the Special Function Registers are 
preserved. Note that the Power-down Mode can not be entered 
when the watchdog has been enabled. 


The Power-down Mode can be terminated by an ex1emal RESET in 
the same way as in the BOC51 (RAM is saved, bul SFRs are cleared 
due to RESET) or in addition by anyone 
of the ex1emal interrupts 


(lflTO, JlilT1) or Seconds interrupt. 


The status of the ex1emal pins during Power-down Mode is shown in 
Table 40. If the Power-down Mode is activated while in ex1emal 
program memory, the port data that is held in the Special Function 
Register P2 is restored to Port 2. 


If the data is a logicl, 
the port pin is held HIGH during the 
Power-down Mode by the strong pull-up transistor PI (see Figure 9). 


The Power-down Mode should not be entered within an interrupt 
routine because Wake-up with an ex1ernal or 'Seconds' interrupt is 
not possible in that case. 


6.11.4 
Wake-up from Power-down 
Mode 


The Power-down Mode of the PBxCE55B can also be terminated by 
anyone 
of the three enabled interrupts, ~, 
TIilTf or Seconds 


interrupt. 


If there is an interrupt already in service, which has same or higher 
priority as the Wake-up interrupt, Power-down Mode will switch over 
to Idle Mode and stay there until an interrupt of higher priority 
terminates Idle Mode. 


A termination with these interrupts does not affect the internal data 
memory and does not affect the Special Function Registers. This 


Quartz crylt8l 
or cel'llmlc 
reaonator 
-..... 
CJ 


gives the possibility to exit Power-down without changing the port 
output levels. To terminate the Power-down Mode with an ex1emal 
interrupt, ~ 
or JlilTl must be switched to be level-sensitive 
and 


must be enabled. The ex1ernal interrupt input signal ~ 
or TIilTf 


must be kept LOW till the oscillator has restarted and stabilized (see 
Figure 41). A Seconds interrupt will terminate the Power-down Mode 
if it is enabled and TIilTf is level sensitive. In order to prevent any 
interrupt priority problems during Wake-up, the priority of the desired 
Wake-up interrupt should be higher than the priorities of all other 
enabled interrupt sources. 


The instruction following the one that put the device into the 
Power-down Mode will be the first one which will be executed after 
the interrupt routine has been serviced. 


6.12 Oscillator Circuits 
The input signal SELXTAL 1 connected to logic "I" selects the 
XTAL 1, 2 oscillator (standard BOC51) instead of the XTAL3, 4 
oscillator, which is halted and XTAL3, 4 must not be connected. 


6.12.1 
XTAL1, 2 Oscillator 
circuit 
(standard 
80C51) 


The oscillator circuit of the PBxCE55B is a single-stage inverting 
amplifier in a Pierce oscillator configuration. The circuitry between 
the XTAL 1 and XTAL2 is basically an inverter biased to the transfer 
point. Either a crystal or ceramic resonator can be used as the 
feedback element to complete the oscillator circuitry. Both are 
operated in parallel resonance. XTAL 1 is the high gain amplifier 
input, and XTAL2 is the output (see Figure 42). To drive the 
PBxCE55B ex1emally, XTAL 1 is driven from an ex1emal source and 
XTAL2 left open-circuit (see Figure 43). 


6.12.2 
XTAL3, 4 Circuitry 
Please refer to chapter 6.13.1 


External 
cl_ 
8Jgnal 


6.13.1 
XTAL3,4 Oscillator 
Circuitry 


The input signal SELXTAL 1 connected to logic '0" selects the 32kHz 
oscillator together with the PLL instead of the XTAL 1,2 oscillator, 
which is halted. XTAL2 is floating in that case. 


The 32kHz oscillator consists of an inverter, which forms a Pierce 
oscillator with the on-chip components C1,C2,Rf and an external 
crystal of 32768 Hz. 


During the following situations, the inverter is switched to tristate and 
XTAL3 is pulled to Vss : 


• during Power-down Mode, when the PLL control register bit 
RUN32 (PLLCON.7) was set to '0'; 


• during Reset (RSTIN = HIGH) ; 


• when the XTAL 1,2 oscillator is selected (SELXTAL 1 = HIGH). 


6.13.2 
PLL CCO 
A current controlled oscillator (CCO) generates a clock frequency 
fcco of approx. 32 , 38 , 44 or 50 MHz, controlled by the PLL, with 
the 32kHz oscillator as the reference clock. The system clock 
frequency fcu< can be varied under software control by changing the 
contents of the PLL control register (PLLCON): 


fcco can be changed via the PLLCON bits FSEL(l :0) (see 
Table 41). The maximum locking time is 10 ms'. 


During the stabilization phase, no time critical routines should be 
executed. 


The system clock frequency fClK is derived from fcco under control 
of the PLLCON bits FSEL(4:0) (see Table 41). 


If only FSEL(4:2) is changed but not FSEL(l :0), then it takes about 
1us until the new frequency is available. 


Changing the system clock frequency has to be done in two steps. 


From HIGH to LOW frequencies: 
First change (FSEL(4:2), then FSEL (1:0). 


From LOW to HIGH frequencies: 
First change only FSEL (1:0) and after a stabilization phase of 
10 ms change FSEL (4:2). 


6.13.3 
PLL Control 
Register - PLLCON 


PLLCON is a special function register, which can be read and 
written by software. It contains the control bits: 


• to select one of several system clock frequencies (see Table 41); 


• the seconds interrupt flag: SECINT 


• to enable the seconds interrupt flag: ENSECI 


• the RUN32 bit, which defines if during Power-down Mode the 
32kHz oscillator is halted or stays running. 


PLLCON is initialized to ODH upon Reset (RSTIN = '1') or Watchdog 
Timer Overflow. PLLCON = ODH corresponds to a system clock 
frequency of 11.01 MHz. 


SYMBOL 
BIT 
FUNCTION 


RUN32 
PLLCON.7 
RUN32 = 0: The 32 kHz oscillator halts during Power-down. 
RUN32 = 1: The 32 kHz oscillator stays running dUring Power-down. 


ENSECI 
PLLCON.6 
Enable the seconds interrupt. (enabling INn 
is also required) 


SECINT 
PLLCON.5 
Seconds interrupt requested by an overflow of the seconds timer (which occurs every second) or via writing 
a '1' to this bit. SECINT can only be cleared by writing a '0' to this bit. 


FSEL.4 
PLLCON.4 
System clock frequency in MHz 
to 
to 
FSEL[4:2] 


FSEL.O 
PLLCON.O 
100 
011 
010 


11 
3.93 
7.86 
15.73 


FSEL[1:0] 
10 
4.72 
9.44 


01 
5.51 
11.01 


00 
6.29 
12.58 


Other combinations, than mentioned above, are reserved and may not be selected. This allows to generate the standard baudrates 19200, 
9600,4800,2400 
and 1200 Baud, when using the UART and Timerl. 


6.13.4 
seconds 
TImer 
This counter provides an overflow signal every second, when the 
32kHz oscillator is running. 


The overflow output sets the interrupt flag SECINT. This interrupt 
can be disabled/enabled 
by ENSECI. If SECINT is enabled, it is 


logically ORed with INTI (external interrupt 1). 


Seconds interrupt and INTI therefor share the same priority and 
vector. The software has to check both flags SECINT (PLLCON.5) 
and lEI (TCON.3), to distinguish between the two interrupt sources. 
SECINT can only be cleared via writing a '0' to this bit. 


The extemal interrupts INTO, INTI or the seconds interrupt can 
Wake-up the PLL oscillator and the microcontroller as described in 
chapter 'Wake-up from Power-down Mode". 


For a Wake-up via INTI or seconds interrupt, lEI must be enabled 
and level-sensitive. 


A further function of the seconds timer is to control the start-up 
timing of the microcontroller 
after Reset or after Wake-up from 


Power-down. It controls the stretching of the reset pulse to the 
microcontroller and controls releasing the system clock to the 
microcontroller. 


A RSTIN signal of Ius at minimum will resetthe 
microcontroller. 


In case of Reset or Wake-up with halted 32kHz oscillator: From 
RSTIN falling edge or Wake-up interrupt it takes 560ms at maximum 
for the start-up of the 32kHz oscillator itself and the stabilization of 
the PLL's. 


In case of Wake-up with running 32kHz oscillator: From Wake-up 
interrupt it takes about 1ms for the stabilization of the PLL's. 


After this start-up time, the microcontroller is supplied with the 


system clock and - in case of a reset - the internally stretched reset 
signal overlaps abou145us, to guarantee a proper initialization of the 
microcontroller. 


For further information refer to section 6.11 Power reduction 
modes. 


'Seconds' 
Interrupt 
requelt 


6.14 
Reset Circuitry 
The reset input pin RSTIN is connected to a Schmitt trigger for noise 
reduction (see Figure 46). Is the HF-oscillator selected a Reset is 
accomplished by holding the RSTIN pin HIGH for at least 2 machine 
cycles (24 system clock periods). Is the PLL-oscillator selected the 


RSTIN-pulse must have a width of 1 ~ 
at least, independent of the 
32 kHz-oscillator is running or not (see PLL description). The CPU 
responds by executing an internal reset. The RSTOUT pin 
represents the signal resetting the CPU and can be used to reset 
peripheral devices. 


The RSTOUT level also could be high due to a Watchdog timer 
overflow. 


The length of the output pulse from T3 is 3 machine cycles. A pulse 
of such short duration is necessary in order to recover from a 
processor or system fau~ as fast as possible. 


During Reset, ALE and PSrn output a HIGH level. In order to 
perform a correct reset, this level must not be affected by external 
elements. 


A Reset leaves the internal registers as shown in Table 5. 


6.15 
Power.on 
Reset 
An automatic Reset can be obtained by switching on VDD, if the 
RSTIN pin is connected to VDD via a capacitor, as shown in 
Figure 47. 


Is the HF oscillator selected the VDD rise time must not exceed 10 
ms and the capacitor should be at least 2.2 IlF. The decrease of the 
RSTIN pin voltage depends on the capacitor and the internal resistor 
RRST.That voltage must remain above the lower threshold for at 
minimum the HF-oscillator start-up time plus 2 machine cycles. Is 
the PLL-oscillator selected a 0.1 IlF capacitor is sufficient to obtain 
an automatic resel. 


Capacitor for 


HF-Osc.: 
2.2 JlF 


PLL-Osc.: 
0.1 JlF 


7. 
INSTRUCTION 
SET 
The P8xCE558 uses the powerful instruction set of the PCB80C51. 
It consists of 49 single-byte, 45 two-byte and 17 three-byte 
instructions. Using a 16 MHz quartz, 64 of the instructions are 
executed in 0.75 lJ.s,45 in 1,5 lJ.Sand the multiply, divide instructions 
in 3lJ.S. 


A summary of the instruction set is given in Table 43. 


The P8xCE558 has additional Special Function Registers to control 
the on-chip peripherals. 


7.1 
Addressing 
Modes 
Most instructions have a "destination, source" field that specifies the 
data type, addressing modes and operands involved. For all these 
instructions, except for MOVs, the destination operand is also the 
source operand (e.g., ADD A,R7). 


There are five kinds of addressing modes: 


• Register Addressing 


- 
RO- R7 (4 banks) 


- 
A,B,C (bit), AB (2 bytes), DPTR (double byte) 


• Direct Addressing 


- 
lower 128 bytes of internal Main RAM (including the 4 RQ--R7 
register banks) 


- 
Special Function Registers 


- 
128 bits in a subset of the internal Main RAM 


- 
128 bits in a subset of the Special Function Registers 


• 
Register-Indirect Addressing 


- 
internal Main RAM (@RO, @R1, @SP[PUSHIPOP]) 


- 
internal Auxiliary RAM (@RO, @R1, @DPTR) 


- 
external Data Memory (@RO, @R1, @DPTR) 


• 
Immediate Addressing 


- 
Program Memory (in-code 8 bit or 16 bit constant) 


• 
Base-Register-plus 
Index-Register-Indirect 
Addressing 


- 
Program Memory look-up table (@DPTR+A, 
@PC+A) 


The first three addressing modes are usable for destination 
operands. 


INSTRUCTION 
FLAG 


C 
OV 
AC 


ADD 
X 
X 
X 


ADDC 
X 
X 
X 


SUBB 
X 
X 
X 


MUL 
0 
X 


DIV 
0 
X 


DA 
X 
X 


RRC 
X 
RLC 
X 


SETBC 
1 


CLRC 
0 
CPLC 
X 
ANLC, 
bit 
X 


ANLC,/bit 
X 


ANLC, 
bit 
X 
ORLC, 
bit 
X 
MOVC,bit 
X 
CJNE 
X 


NOTES: 
1. Note that operations on SFR byte address 208 or bit addresses 


209-215 (Le., the PSW or bits in the PSW) will also affect flag 
settings. 


Notes on instruction set and addressing modes: 


Rn 
Register R7-RO of the currently selected Register 
Bank. 


8-bit internal data location's address. This could be 
an Internal Data RAM location (0-127) or a SFR 
[Le., 1/0 port, control register, status register, etc. 
(128-255)]. 


8-bit RAM location addressed indirectly through 
register R1 or ROof the actual register bank. 


8-bit constant included in the instruction. 


16-bit constant included in the instruction 


16-bit destination address. Used by LCALL and 
LJMP. A branch can be anywhere within the 
64 Kbytes Program Memory address space. 


11-bit destination address. Used by ACALL and 
AJMP. The branch will be within the same 2 Kbytes 
page of program memory as the first byte of the 
following instruction. 


Signed (two's complement) 8-bit offset byte. Used 
by SJMP and all conditional jumps. Range is -128 
to +127 bytes relative to first byte of the follOWing 
instruction. 


#data 


#data 16 


addr 16 


Direct Addressed bit in Internal Data RAM or 
Special Function Register. 


Hexadecimal 
opcode 
cross-reference 
to Table 43: 


8, 9, A, B, C, D, E. F. 


11,31,51,71,91, 
Bl, Dl, Fl. 


01,21,41,61,81, 
A1, C1, E1. 


MNEMONIC 
DESCRIPTION 
BYTE I CYCLES 
OPCODE 
(HEX.) 


ARITHMETIC 
OPERATIONS 


ADD 
A,Rn 
Add register to Accumulator 
1 
1 
2' 


ADD 
A,direct 
Add direct byte to Accumulator 
2 
1 
25 


ADD 
A,@Ri 
Add indirect RAM to Accumulator 
1 
1 
26,27 


ADD 
A,#data 
Add immediate data to Accumulator 
2 
1 
24 


ADDC 
A,Rn 
Add register to Accumulator with carry 
1 
1 
3' 


ADDC 
A,direct 
Add direct byte to Accumulator with carry 
2 
1 
35 


ADDC 
A,@Ri 
Add indirect RAM to Accumulator with carry 
1 
1 
36,37 


AD DC 
A,#data 
Add immediate data to ACC with carry 
2 
1 
34 


SUBB 
A,Rn 
Subtract Register from ACC with borrow 
1 
1 
9' 


SUBB 
A,direct 
Subtract direct byte from ACC with borrow 
2 
1 
95 


SUBB 
A,@Ri 
Subtract indirect RAM from ACC with borrow 
1 
1 
96,97 


SUBB 
A,#data 
Subtract immediate data from ACC with borrow 
2 
1 
94 


INC 
A 
Increment Accumulator 
1 
1 
04 


INC 
Rn 
Increment register 
1 
1 
0' 


INC 
direct 
Increment direct byte 
2 
1 
05 


INC 
@Ri 
Increment indirect RAM 
1 
1 
06,07 


DEC 
A 
Decrement Accumulator 
1 
1 
14 


DEC 
Rn 
Decrement Register 
1 
1 
l' 


DEC 
direct 
Decrement direct byte 
2 
1 
15 


DEC 
@Ri 
Decrement indirect RAM 
1 
1 
16,17 


INC 
DPTR 
Increment Data Pointer 
1 
2 
A3 


MUL 
AB 
Multiply A and B 
1 
4 
A4 


DIV 
AB 
Divide A by B 
1 
4 
84 


DA 
A 
Decimal Adjust Accumulator 
1 
1 
D4 


LOGICAL OPERATIONS 


ANL 
A,Rn 
AND Register to Accumulator 
1 
1 
5' 


ANL 
A,direct 
AND direct byte to Accumulator 
2 
1 
55 


ANL 
A,@Ri 
AND indirect RAM to Accumulator 
1 
1 
56,57 


ANL 
A,#data 
AND immediate data to Accumulator 
2 
1 
54 


ANL 
direct,A 
AND Accumulator to direct byte 
2 
1 
52 


ANL 
direct,#data 
AND immediate data to direct byte 
3 
2 
53 


ORL 
A,Rn 
OR register to Accumulator 
1 
1 
4' 


ORL 
A,direct 
OR direct byte to Accumulator 
2 
1 
45 


ORL 
A,@Ri 
OR indirect RAM to Accumulator 
1 
1 
46,47 


ORL 
A,#data 
OR immediate data to Accumulator 
2 
1 
44 


ORL 
direct,A 
OR Accumulator to direct byte 
2 
1 
42 


ORL 
direct,#data 
OR immediate data to direct byte 
3 
2 
43 


XRL 
A,Rn 
Exclusive-OR register to Accumulator 
1 
1 
6' 


XRL 
A,direct 
Exclusive-OR direct byte to Accumulator 
2 
1 
65 


XRL 
A,@Ri 
Exclusive-OR indirect RAM to Accumulator 
1 
1 
66,67 


MNEMONIC 
DESCRIPTION 
BYTE I CYCLES 
OPCODE 
(HEX.) 


LOGICAL OPERATIONS (Continued) 


XRL 
A,#data 
Exclusive-OR immediate data to Accumulator 
2 
1 
64 


XRL 
direct,A 
Exclusive-OR Accumulator to direct byte 
2 
1 
62 


XRL 
direct,#data 
Exclusive-OR immediate data to direct byte 
3 
2 
63 


CLR 
A 
Clear Accumulator 
1 
1 
E4 


CPL 
A 
Complement Accumulator 
1 
1 
F4 


RL 
A 
Rotate Accumulator left 
1 
1 
23 


RLC 
A 
Rotate Accumulator left through the carry 
1 
1 
33 


RR 
A 
Rotate Accumulator right 
1 
1 
03 


RRC 
A 
Rotate Accumulator right through the carry 
1 
1 
13 


SWAP 
A 
Swap nibbles within the Accumulator 
1 
1 
C4 


DATA TRANSFER 


MOV 
A,Rn 
Move register to Accumulator 
1 
1 
E* 


MOV 
A,direct 
Move direct byte to Accumulator 
2 
1 
E5 


MOV 
A,@Ri 
Move indirect RAM to Accumulator 
1 
1 
E6,E7 


MOV 
A,#data 
Move immediate data to Accumulator 
2 
1 
74 


MOV 
Rn,A 
Move Accumulator to register 
1 
1 
F* 


MOV 
Rn,direct 
Move direct byte to register 
2 
2 
A* 


MOV 
RN,#data 
Move immediate data to register 
2 
1 
7* 


MOV 
direct,A 
Move Accumulator to direct byte 
2 
1 
F5 


MOV 
direct,Rn 
Move register to direct byte 
2 
2 
8* 


MOV 
direct,direct 
Move direct byte to direct 
3 
2 
85 


MOV 
direct,@Ri 
Move indirect RAM to direct byte 
2 
2 
86,87 


MOV 
direct,#data 
Move immediate data to direct byte 
3 
2 
75 


MOV 
@Ri,A 
Move Accumulator to indirect RAM 
1 
1 
F6,F7 
MOV 
@Ri,direct 
Move direct byte to indirect RAM 
2 
2 
A6,A7 
MOV 
@Ri,#data 
Move immediate data to indirect RAM 
2 
1 
76, 77 
MOV 
DPTR,#data16 
Load Data Pointer with a 16-bit constant 
3 
2 
90 
MOVC 
A,@A+DPTR 
Move Code byte relative to DPTR to ACC 
1 
2 
93 
MOVC 
A,@A+PC 
Move Code byte relative to PC to ACC 
1 
2 
83 
MOVX 
A,@Ri 
Move AUX-RAM (8-bit addr) to ACC 
1 
2 
E3,E3 
MOVX 
A,@DPTR 
Move AUX-RAM (16-bit addr) to Ace 
1 
2 
EO 
MOVX 
@Ri,A 
Move ACC to AUX-RAM (8-bit addr) 
1 
2 
F2,F3 
MOVX 
@DPTR,A 
Move ACC to AUX-RAM (16-bit addr) 
1 
2 
FO 
PUSH 
direct 
Push direct byte onto stack 
2 
2 
CO 
POP 
direct 
Pop direct byte from stack 
2 
2 
DO 
XCH 
A,Rn 
Exchange register with Accumulator 
1 
1 
C* 


XCH 
A,direct 
Exchange direct byte with Accumulator 
2 
1 
C5 
XCH 
A,@Ri 
Exchange indirect RAM with Accumulator 
1 
1 
C6,C7 
XCHD 
A,@Ri 
Exchange low-order digit indirect RAM with 
1 
1 
D6,D7 


ACC 


MNEMONIC 
DESCRIPTION 
BYTE/CYCLES 
OPCODE 
(HEX.) 


BOOLEAN VARIABLE MANIPULATION 


CLR 
C 
Clear carry 
1 
1 
C3 


CLR 
bit 
Clear direct bit 
2 
1 
C2 


SETB 
C 
Set carry 
1 
1 
D3 


SETB 
bit 
Set direct bit 
2 
1 
D2 


CPL 
C 
Complement carry 
1 
1 
B3 


CPL 
bit 
Complement direct bit 
2 
1 
B2 


ANL 
C,bit 
AND direct bit to carry 
2 
2 
B2 


ANL 
C,lbit 
AND complement of direct bit to carry 
2 
2 
BO 


ORL 
C,bit 
OR direct bit to carry 
2 
2 
72 


ORL 
C,lbit 
OR complement of direct bit to carry 
2 
2 
AD 


MOV 
C,bit 
Move direct bit to carry 
2 
1 
A2 


MOV 
bit,C 
Move carry to direct bit 
2 
2 
92 


JC 
rei 
Jump if carry is set 
2 
2 
40 


JNC 
rei 
Jump if carry not set 
2 
2 
50 


JB 
rei 
Jump if direct bit is set 
2 
2 
20 


JNB 
rei 
Jump if direct bit is not set 
2 
2 
30 


JBC 
bit,rel 
Jump if direct bit is set and clear bit 
3 
2 
10 


PROGRAM BRANCHING 


ACALL 
addr11 
Absolute subroutine call 
2 
2 
··1addr 


LCALL 
addr16 
Long subroutine call 
3 
2 
12 


RET 
Return from subroutine 
1 
2 
22 


RETI 
Return from interrupt 
1 
2 
32 


AJMP 
addr11 
Absolute jump 
2 
2 
···1addr 


LJMP 
addr16 
Long jump 
3 
2 
02 


SJMP 
rei 
Short jump (relative addr) 
2 
2 
80 


JMP 
@A+DPTR 
Jump indirect relative to the DPTR 
1 
2 
73 


JZ 
rei 
Jump if Accumulator is zero 
2 
2 
60 


JNZ 
rei 
Jump if Accumulator is not zero 
2 
2 
70 


CJNE 
A,direct,rel 
Compare direct byte to ACC and jump if not 
3 
2 
B5 


equal 


CJNE 
A,#data,rel 
Compare immediate to ACC and jump if not 
3 
2 
B4 
equai 


CJNE 
RN,#data,rel 
Compare immediate to register and jump if not 
3 
2 
B· 
equal 


CJNE 
@Ri,#data,rel 
Compare immediate to indirect and jump if not 
3 
2 
B6,B7 


equal 


DJNZ 
Rn,rel 
Decrement register and jump if not zero 
2 
2 
D· 


DJNZ 
direct,rel 
Decrement direct byte and jump if not zero 
3 
2 
D5 


NOP 
No operation 
1 
1 
00 


NOTE: 
1. All mnemonics 
copyrighted 
© Intel Corporation 
1980 


0 
1 
2 
3 
4 
5 
6 
17 
BI91AIBICIDIEIF 


0 
NOP 
AJMP 
WMP 
RR 
INC 
INC 
INC@Ri 
INCRr 


addr11 
addr16 
A 
A 
dir 
0 
11 
011121314151617 


1 
JBC 
ACALL 
LCALL 
RRC 
DEC 
DEC 
DEC@ 
Ri 
DECRr 


bit, rei 
addr11 
addr16 
A 
A 
dir 
0 
11 
011121314151617 


2 
JB 
AJMP 
RET 
RL 
ADD 
ADD 
ADD A, @ Ri 
ADD A, Rr 


bit, rei 
addr11 
A 
A, #data 
A,dir 
0 
11 
011121314151617 


3 
JNB 
ACALL 
RETI 
RLC 
ADDC 
ADDC 
ADDCA, 
@ Ri 
AD DC A, Rr 


bit, rei 
addr11 
A 
A, #data 
A,dir 
0 
11 
011121314151617 


4 
JC 
AJMP 
ORL 
ORL 
ORL 
ORL 
ORLA, 
@ Ri 
ORLA, 
Rr 


rei 
addr11 
dir,A 
dir, #data 
A, #data 
A,dir 
0 
11 
011121314151617 


5 
JNC 
ACALL 
ANL 
ANL 
ANL 
ANL 
ANLA, 
@ Ri 
ANLA, 
Rr 


rei 
addr11 
dir,A 
dir, #data 
A, #data 
A,dir 
0 
11 
011121314151617 


6 
JZ 
AJMP 
XRL 
XRL 
XRL 
XRL 
XRLA, 
@ Ri 
XRLA, 
Rr 


rei 
addr11 
dir,A 
dir, #data 
A. #data 
A,dir 
0 
11 
011121314151617 


7 
JNZ 
ACALL 
ORL 
JMP 
MOV 
MOV 
MOV @ Ri, #data 
MOV Rr, #data 


rei 
addr11 
C,bit 
@A+DPTR 
A, #data 
dir,#data 
0 
11 
011121314151617 


B 
SJMP 
AJMP 
ANL 
MOVC 
DIV 
MOV 
MOVdir, 
@Ri 
MOVdir, 
Rr 


rei 
addr11 
C,bit 
A, @A+PC 
AB 
dir, dir 
0 
11 
011121314151617 


9 
MOV 
ACALL 
MOV 
MOVC 
SUBB 
SUBB 
SUBBA, 
@ Ri 
SUBBA, 
Rr 


DPTR,#data16 
addr11 
bit,C 
A,@A+DPTR 
A, #data 
A,dir 
0 
11 
011121314151617 


A 
ORL 
AJMP 
MOV 
INC 
MUL 
MOV@Ri,dir 
MOVRr,dir 


C,lbit 
addr11 
C,bit 
DPTR 
AB 
0 
11 
011121314151617 


B 
ANL 
ACALL 
CPL 
CPL 
CJNE 
CJNE 
CJNE @Ri,#data,rel 
CJNE Rr, #data, rei 


C,lbit 
addr11 
bit 
C 
A,#data,rel 
A,dir, rei 
0 
11 
011121314151617 


C 
PUSH 
AJMP 
CLR 
CLR 
SWAP 
XCH 
XCHA, 
@ Ri 
XCHA, 
Rr 


dir 
addr11 
bit 
C 
A 
A,dir 
0 
11 
011121314151617 


0 
POP 
ACALL 
SETB 
SETB 
DA 
DNJZ 
XCHDA, 
@ Ri 
DJNZ Rr, rei 


dir 
addr11 
bit 
C 
A 
dir, rei 
0 
11 
011121314151617 


E 
MOVX 
AJMP 
MOVXA, 
@Ri 
CLR 
MOV 
MOVA,@Ri 
MOVA, 
Rr 


A, @DPTR 
addr11 
0 
1 
A 
A,dir') 
0 
11 
011121314151617 


F 
MOVX 
ACALL 
MOVX A, @Ri, A 
CPL 
MOV 
MOV@ 
Ri,A 
MOVRr,A 


@DPTR,A 
addr11 
0 
1 
A 
dir,A 
0 
11 
011121314151617 


8. 
FLASH 
EEPROM 


8.1 
General 


• 32 Kbytes electrically erasable internal program memory with 


Block-and Page-Erase option ("Flash Memory"). 


• Intemal fixed boot ROM. 


• Up to 32 Kbytes external program memory in combination with the 
internal FEEPROM (~=1). 


• Up to 64 Kbytes external program memory if the internal program 


memory is switched off (~=O). 


The FEEPROM can be read and written byte-wise. Full Erase, Block 
Erase, and Page erase will erase 32 Kbytes, 256 bytes and 32 bytes 
respectively. In-circuit programming and out-of-circuit programming 
is possible. On-chip erase and write timing generation and on chip 
high voltage generation contribute to a user friendly interface. 


8.2 
Features 


• Read: 


• 
Write: 
byte-wise within 2.5 ms. 
(previously erased by a page, block or full erase). 


• 
Erase: 


Page Erase (32 bytes) within 5 ms. 
Block Erase (256 bytes) within 5 ms. 
Full Erase (32 Kbytes) within 5 ms. 
Erased bytes contain FFH. 


• 
Endurance: 


100 erase and write cycles each byte at Tamb= 22°C 


• 
Retention: 
10 years 


• 
Out-of-circuit programming: 
Parallel programming with 87C51 compatible hardware 
Interface to programmer. 


• 
In-circuit programming: 


Serial programming via RS232 interface under boot ROM 
program control. Auto baud rate selection. 
Intel Hex Object file Format. 
The user program can call routines in the boot ROM for 
erase, write and verify of the FEE PROM. 


• 
High programming voltage generation: on chip 


• 
Zero point on-chip oscillator and timer to generate the write and 
erase time durations. 


• 
Programmable security for the code in the FEEPROM to prevent 
software piracy. The Security Byte is located in the highest 
address (7FFFH) of the FEEPROM. 


• 
Supply voltage monitoring circuit on-chip to prevent loss of 
information in the FEEPROM during power-on and power-off. 


8.3 
Memory 
Map 
Figure 48 shows the memory map of the user program memory and 
the boot ROM. They are located in the same program address 
space. Two bits UBS1 and UBSO of the FEEPROM control special 
function register FMCON select between the two memory blocks. 


User program 
memory 
selection 


If UBS1 and UBSO are both 0, then the user program memory is 
mapped into the 64 K program memory space and the boot ROM 
cannot be selected. This is the situation after a reset when PSEN 
and ALE have not been pulled down during reset. Program 
execution starts at OOOOHin the intemal FEE PROM or in the 
external program memory dependent on the level of ~ 
during 
reset. 


Boot ROM selection 
After a reset program execution starts in the boot ROM when during 
reset PSEN and ~ 
are pulled down while ALE stay high. The boot 


ROM size is 1 Kbyte. Besides the serial in-circuit programming 
routine the boot ROM contains the routines for erase, write and 
verify of the FEE PROM, which can be called by the user program 
(LCALL to the address space between 63 K and 64 K). 


Switching 
between 
user program 
memory 
and boot ROM 


Switching between user program memory (internal or external) and 
boot ROM is possible if UBS1 and UBSO are 0,1. Then in the 
program memory address space between 0 and 63k the user 
program memory is selected and in the memory space between 63 
K and 64 K the boot ROM is selected. 


To switch from user program memory to boot ROM first UBSO must 
be set (UBS1 stay 0) and a jump or call instruction to a location >63 
K must be executed. 


At the moment of crossing the 63 K address border by a return 
instruction the switching from boot ROM to user memory (Internal or 
external) is performed. After crossing the 63 K address border UBS1 
and UBSO are cleared and the total 64 K memory space is mapped 
as user program memory. By clearing UBS1 and UBSO, no special 
requirements to the user program are necessary to do that after a 
read or erase or write routine. 


A small restriction for memory switching is that no memory switching 
is allowed from or to the address space between 63 K and 64 K of 
the user program memory because the UBS bits must stay 0 in this 
range. This restriction can be avoided if the memory switching is 
always done by a subroutine in the address range between 0 and 
63K. 


Description 


The user program code in the FEEPROM is executed as in the 
standard 80C51 microcontroller. 
Erase and write cycles in the 


FEEPROM are always performed under control of the boot program 
in the boot ROM in the address space between 63 K and 64 K. 
Address and data parameters are passed via DPTR and 
accumulator A respectively. During an erase or write cycle in the 
FEEPROM no other access or program execution in the FEE PROM 
is possible. All interrupts must be disabled when the user program 
calls a user routine in the boot ROM. 


The boot routine for serial programming takes care of addressing, 
data transfer, verify, high voltage control, error message and return 
to the user program memory. It also contains the serial 
communication 
routine. 


The FEEPROM control register FMCON is a special function 
register. It contains the control bits for verify, write, erase and boot 
ROM switching. 


64 K .--------,---. 
63K 
_ 
64K 


63K 
BOOTROM 
------- 


External 
Program 
Memory 


(EA=X) 


32K 
0,0 
Security 
0,1 
Byte 
------- 
External 
Program 
Internal 
Memory 
Program 


(EA=O) 
Memory 


(EA = 1) 


0 


External 
Program 
Memory 


32 "t------I 
7FFFH 
Security 
---~!._- 
External 
Program 
Memory 
Internal 
Program 
Memory 


\_- 


UBSl 
UBSO 
User - Boot selection 
bits 


0 
0 
User memory mapped from 0 to 64 K. 


0 
1 
User memory mapped from 0 to 63 K. 
Boot ROM mapped from 63 K to 64 K. 


1 
0 
User memory mapped from 0 to 63 K, but UBS1 bit cleared by hardware in this user address range. 
Boot ROM mapped from 63 K to 64 K. User software should not write "1" UBS 1. 


1 
1 
Boot ROM mapped from 0 to 64 K. User software should not write "1" UBS1. 


, 


HV 
High voltage indication 
bit. Read only. Is "1" as long as the high voltage for an erase or write operation 
is present. 


, 


FCB3 
FCB2 
FCBl 
FCBO 
Function 
Code Bits 


0 
0 
0 
0 
Value after Reset. 


0 
1 
0 
1 
Byle Write or byle read (verify) 


1 
1 
0 
0 
Page Erase (32 byles boundaries). 


0 
0 
1 
1 
Block Erase (256 byles boundaries). 


1 
0 
1 
0 
Full Erase (32 Kbyles). 


The four FCB bits are write protected if the security feature is 
activated. Then only instructions in the internal program memory 
(FEEPROM) are able to write FCB (3-0), boot ROM and external 
program memory instructions cannot change FCB (3-0) except the 
full erase code can be loaded. 


The duration of a write or erase operation is determined by the 
FEEPROM timer. This timer includes a zero point RC oscillator and 
cannot be controlled by software. 


For calling a user routine in the boot ROM first all interrupts must be 
disabled and the DPTR and A have to be loaded with the desired 
values. After setting UBSO = 1 and UBS1 = 0 and selecting the 
function via FCB-bits the respective user routine has to be called. 


The table below lists the boot ROM user routines, which can be 
called by the user program. The content of FMCON, A and DPTR 
before the call is described by "(IN)" and the contents after the 
return is described by "(OUT)". The boot ROM user routines do not 
change other registers or Data memory. 


BOOT-ROM 
CALL 
FMCON 
FMCON 
ACC 
ACC 
DPTR 
DPTR 


ROUTINE 
ADDRESS 
(IN) 
(OUT) 
(IN) 
(OUT) 
(IN) 
(OUT) 


BYTE_READ 
FFBAH 
45H 
15H 
XXH 
BYTE 
BYTE ADDRESS 
BYTE ADDRESS 


BYTE_WRITE 
FFADH 
45H 
15H 
BYTE 
BYTE 
(V) 
BYTE ADDRESS 
BYTE ADDRESS 


PAGE_ERASE 
FFAAH 
4CH 
1CH 
XXH 
08H 
PAGE ADDRESS 
1) 
PAGE ADDRESS 
2) 


BLOCK_ERASE 
FFA5H 
43H 
13H 
XXH 
02H 
BLOCK ADDRESS 
3) 
BLOCK ADDRESS 
4) 


FULL_ERASE 
FFAOH 
4AH 
1AH 
XXH 
OAH 
XXXXH 
0018H 


x 
= don't care or not defined 


V 
= verified byle (read back) 
1} 
= 5 LSB's of DPTR are don't care 


2) 
= 5 LSB's of DPTR are "0" 


3) 
= 8 LSB's of DPTR are don't care 


4) 
= 8 LSB's of DPTR contain 08H. 


Example of user software (intemal or extemal) that calls the 
Page Erase routine in the boot ROM to erase a page in the 
FEEPROM (32 bytes) starting at address location 1260H. 


CLR EA 


MOV DPTR, # 1260H 


MOV FMCON, # 4CH 


LCALL OFFAAH 


MOV FMCON, #OOH 


SETB EA 


; Disable all interrupts 


; Load page-address 


; Load Page-Erase code 


; Call Page-Erase routine 
; in boot ROM (inherent delay 


Sms) 


; Clear FMCON for security 


; Enable interrupts again 


Example of user software (intemal or extemal) that calls the 
Byte-Write 
routine in the boot ROM to write the content of RS into 


the FEEPROM address location 1263H. 


CLR EA 


MOV DPTR, # 1263H 


MOVA, 
RS 


MOV FMCON, # 4SH 


LCALL OFFADH 


MOV FMCON, #OOH 


SETB EA 


XRLA, 
RS 


JNZ ERROR 


; Disable all interrupts 


; Load byte address 


; Load byte to be written 


; Load byte-write code 


; Call byte-write routine 
; in boot ROM (inherent 
delay 2.5 ms) 


; Clear FMCON for security 


; Enable interrupts again 


; Compare the "read-back" byte 


; Jump if verify error 


8.4 Security 
The security feature protects against software piracy and prevents 
that the content of the FEEPROM can be read undesirable. The 
Security Byte is located in the highest address location 7FFFH of 
the FEEPROM. 


The Security Byte should be SOHto activate and OOHor FFH to 
deactivate the security feature. This security code is chosen in such 
a way that single bit failures will not deactivate the security feature. 


If the security feature is deactivated, then there are no access 
restrictions to the FEEPROM. 


If the security feature is activated, then the extemal program 
memory has no access to the FEEPROM with the MOVC 
instructions. Also bits FCB (3-0) of FMCON cannot be written by 
external program code or boot ROM code. This prevents in-circuit 
programming and verification. Only the Full Erase code can be 
written to FCB (0-3) of FMCON. Note that for the intemal program 
code no restrictions exist if the security feature is activated. At the 
end of a full erase operation the security feature is deactivated. Also 
parallel programming and verify is inhibited if the security feature is 
activated, only a full erase is possible. Note that the security mode 
does not change immediately when the security code is written into 
the security byte 7FFFH, but after a reset or power-on. This allows 
the verification of the loaded code in the FEEPROM, including the 
Security Byte. 


8.5 
Parallel Programming 
Unlike standard EPROM programming, no high programming supply 
voltage must be applied to the E}l; pin and only one programming 
pulse must be applied to the ALEJWE pin. The parallel programming 
mode is entered with the steady signals RST=1, PSEN=O, E}l;=1 and 
SELXTAL1 = 1. The XTAL1,2 clock must have a frequency between 
4 and 6MHz. The following table shows the logic levels for 
programming, erasing, verifying and read signature. 


MODE 
ALEIWE 
P2.7 
P2.6 
P3.7 
P3.6 


Full erase 
L.J 
1 
1 
0 
1 


Program FEEPROM 
L.J 
1 
0 
1 
1 


Verify FEEPROM 
1 
0 
0 
1 
1 


Read signature 
1 
0 
0 
0 
0 


AL~ 
P2.6, P2.7, P3.6, P3.7 


Data and address 
bits: 
PO.0-PO.7 
P1.0 - P1.7 
P2.0 - P2.S, P3.4 


Write Enable signal (program/erase), 
active low 


control signals 


00-07 
AO-A7 
A8-A14 


Program data input I verify or read data output 
Input low order address bits. 
Input high order address bits. 


The P89CESS8 contains two signature bytes that can be read and 
used by an EPROM programming system to identify the device. 
These bytes are read by the same procedure as for a normal 
verification of locations 30H and 31H, except that P3.6 and P3.7 
need to be pulled to LOW. 


ADDRESS 
CONTENT 
MEANING 
I 


30H 
1SH 
Philips 
I 
31H 
BSH 
P89CESS8 


+5V 


SELXTALl 
VDD 


Pl 
PO 
DON'T CARE 


RSTIN 
Ell: 


P3.6 
ALEIWE 
5 ms 
LOW 
PULSE 


P3.7 
P89CE558 
l'SEIl 


XTAL2 
P2.7 


P2.6 


XTALl 
P2.o.P2.5 
DON'T CARE 


VSS 
P3.4 
DON·TCARE 


Figure 50. Erase Configuration 


+5V 


SELXTALl 
vDD 


Pl 
PO 
PGM DATA 


RSTIN 
Ell: 


P3.6 
ALEIWE 
2.5 ms 
LOW 
PULSE 


P3.7 
P89CE558 
l'SEIl 


XTAL2 
P2.7 


P2.6 


XTALl 
P2.o.P2.5 
A8-A13 


VSS 
P3.4 
A14 


SELXTALl 
VDD 


Pl 
PO 


RSTIN 
Ell: 


P3.6 
ALEIWE 


P3.7 
P89CE558 
l'SEIl 


XTAL2 
P2.7 


P2.6 


)(TALl 
P2.G-P2.5 


VSS 
P3.4 


FEEPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb= -40 OCto +85 DC, VOO= 5 V± 
10%, VSS = 0 V (see Figure 53) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


11lcLK 
System clock frequency (standard oscillator) 
4 
6 
MHz 


tAVWL 
Address setup to WE LOW 
48teLK 
- 


tWHAX 
Address hold after WE HIGH 
48lcLK 
- 


tOVWL 
Data setup to WE LOW 
48teLK 
- 


tWHOX 
Data hold after WE HIGH 
48teLK 
- 


teHWL 
P2.7 (EfiDffiCE) HIGH to WE LOW 
48teLK 
- 


tWHEL 
WE HIGH to P2.7 (EfiDrnCE) LOW 
48teLK 
- 


tWLWHp 
WE width (programming) 
2.25 
2.75 
ms 


tWLWHe 
WE width (erase) 
4.5 
5.5 
ms 


tAVOV 
Address to data valid 
- 
48teLK 


teLOV 
P2.7 ~ 
Low to data valid 
- 
48teLK 


teHOZ 
Data float after P2.7 (EIitl\B[EJ HIGH 
0 
48teLK 


P1.lH'1.7 
P2.lH'2.5 
P3.4 


PROGRAMMING"fEras.' 


ADDRESS (programming) 


VERIFICATION" 


ADDRESS 


, 
For ERASE conditions see Figure 50. 
For PROGRAM conditions see Figure 51. 
For VERIFY conditions see Figure 52. 


+sv 


VDD 
{ 


EW 


ALLOTHER 
PINS 
ARE 
P89CE558 
DON'T 
CARE 
P3.OIRxD 
} 
_rL- 


RS232 


RST 
Interface 
P3.1ITxD 


0 
SEUCTAL1 
L 
XTAL3 
ALE 
~ 
output of ALE pulses 


3K3 
32.768_ 
~ 
1) 
I'SEN 
L 
XTAU 
VSS 
Ell 


1) Altemative XTAL 1,2 may be selected (SELXTAL 1 = 1) 


Figure 54. Serial programming 
(boot mode) Configuration 


8.6 
Serial Programming 
of FEEPROM 


Serial in-circuit programming (boot-mode) is entered if during and 
after RESET J5"SEIiI and EA are pulled down, J5"SEIiI via a resistor of 
3.3 k Ohm to VSS. The two UBS bits are set to 1 by hardware and 
program execution starts at OOOOHof the boot ROM. P3.0 (RXD) 
and P3.1 (TXD) form the serial RS232 interface. A baud rate of 4800 
or 9600 Baud is possible, if the PLL oscillator is selected. The 
receive and transmit channel have the same baud rate. The format 
is: Startbit, 8 data bits (last bit always 0), no parity bit and at least 
one stopbi!. The boot routine inputs the Intel Hex Object Forma!. 
The baud rate will be selected automatically after reception of the 
first character (:) of the object file. No other characters are allowed 
to preceed the first (:) character. Programming is only started if the 
first received record has the right type indication (TT). If the security 
feature is activated (contents of the security byte = 50H) then the 
programming starts with a Full Erase, otherwise only the addressed 
pagels) will be erased and the not altered bytes are rewritten. 
During the erase or wr~e operation the nex1 string of bytes can be 
received. Xon and Xoff handshake codes are used to control the 
serial transfer. At the end of the programming a message that 
indicates a successful or not successful programming, will be 
retumed over the RS232 interface channel. If the programming was 
successful then the user program can be started up at OOOOHin 
FEEPROM by a reset for user mode (EA = high, J5"SEIiI not 
affected). If the programming was not successful the boot program 
halts and a retry can be started by a reset for the boot mode. 


8.7 
Boot Routine 
The boot routine transmits the nex1"one ASCII character" messages 
via the RS232 interface: 


After each record type TT = OOHindication in the 
HEX file. 


"X" 
Checksum error of a record in the HEX file 
detected. 


" Y " 
Wrong record type received 


" Z " 
Buffer overflow error (Check XonIXoff of terminal) 


• R " 
Verification error (of last written byte) 


" V " 
End record received and programming of 
FEE PROM was successful 


No messages are transmitted if the baud rate of the first character 
(:) can not be detected. 


The boot routine can also be started by the intemal or ex1ernal user 
program (LJMP FC07H). FMCON must be loaded previously with 
40H. Interrupt registers, stack pointer, TImer 0, UART, P3.0 and 
P3.1 must be in the reset state. EA and J5"SEIiI must not be affected. 
A reset is needed to restart the user program after programming. 


The following baud rates will be detected automatically within the 
specified IlC clock range in MHz. 


Baudrate 
fCLK (min) 
fCLK (max) 


1200 
11) 
3.6 


2400 
21) 
7.3 


4800 
4 
14.7 


9600 
7.9 
29.51) 


19200 
15.7 
591) 


NOTE: 
1. Value outside 
the specified 
clock 
range 


Note that the boot routines can (re) program any number of bytes 
from 1 byte to 32 Kbytes, independent in which order or at which 
location, but if the security feature is activated, a full erase is 
performed and all not programmed bytes become FFH. 


Record start character 


Byte Count. The hexadecimal number of data bytes in the record. This may theoretically be any number from 0 to 255, 
although many assemblers prefer to deal with 16 data bytes per record (as shown in the example below). 


Load address in hexadecimal of first data byte in this record. 


Record type. The record type is 00 for data records and 01 for the end record. 


- 
One hexadecimal data byte. 


Record checksum. This is the 2's complement of the summation of all of the bytes in the record from the byte count through the 
last data byte. While the summation is calculated, it Is always truncated to a one byte result. Thus, if all of the bytes in the record 
are summed, including the checksum itself, the result will always be 00 if the record is valid. 


AAAA 


TT 


HH 


CC 


Construction of data records (using the notation defined above, each letter corresponds to one hexadecimal digit in ASCII representation) 
is as 
follows: 


: BCAAAATTHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHCC 


The last record in a file is the end record and contains no data. Usually the end record will appear as shown in the first example below. 
However, in some cases a 16 bit checksum of all of the data bytes in the entire file may be inserted in the address field of the end record. This 
checksum would correspond to one generated by an EPROM programmer during file load, and its inclusion does not violate the rules for this 
format. This is shown in the second example. 


:00000001 FF 


:00B12COl22 


Successive hex records need not appear in sequential address order. 
For instance, a record for address OOOOHmight appear after a record for 


address 7FEOH. All of the bytes in a single record, however, must be in sequence. Any characters that appear outside of a record (I.e. after a 
checksum, but before the next ":") will be ignored, if present. 


An example of a valid hex file follows: 


:10010000C2FOE53030E704F404D2F08531 
F030F786 


:100110000763FOFF05 FOB2FOA430FOOA63FOFFF4DB 


:OC0120002401500205F085F032F5332276 


:00000001 FF 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°c 


Voltage on Voo to Vss and SCL, SDA to Vss 
-0.5 to +6.5 
V 


Input I output current on any 1/0 pin 
10 
mA 


Power dissipation (based on package heat transfer limitations, not device power consumption) 
1.0 
W 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions are taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


voo = 5V (± 10%). VSS = OV.Tamb= O°C to +70°C (P8xCE558EBx). 
All voltages with respect to Vss unless otherwise specified. 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


Voo 
Supply voltage 
4.5 
5.5 
V 


100 
Supply current operating: 
See notes 1 and 2 


P89CE558 
fCLK= 16MHz 
40 
mA 
P83CE558 
Voo = 5.5 V 
40 
mA 


110 
Supply current Idle Mode: 
See notes 1 and 3 
P89CE558 
fCLK= 16MHz 
15 
mA 
P83CE558 
Voo=5.5V 
12 
mA 


Supply current Power-down mode 
See note 4 


2 V < Vpo < Voomax 
100 
I'A 
Ipo 
Supply current Power-down mode: 
See note 17 


32 kHz / PLL operation 
Voo = 5.5 V 
100 
ILA 


Inputs 


VIL 
Input LOW voltage, except EA, SCL. SDA 
-{).5 
0.2Voo-{)·1 
V 


VILl 
Input LOW voltage to EA 
-{).5 
0.2Voo-0.3 
V 


V1L2 
Input LOW voltage to SCL, SDA 5 
-{).5 
0.3Voo 
V 


VIH 
Input HIGH voltage. except XTAL1. RSTIN, SCL, SDA, ADEXS 
0.2Voo+0.9 
Voo+0.5 
V 


VIH1 
Input HIGH voltage, XTAL 1, RSTIN, ADEXS 
0.7Voo 
Voo+0.5 
V 


VIH2 
Input HIGH voltage. SCL. SDA 5 
0.7Voo 
6.0 
V 


IlL 
Input current LOW level, Ports 1, 2, 3, 4 
VIN = 0.45 V 
-50 
I'A 


ITL 
Transition current HIGH to LOW. Ports 1, 2, 3, 4 
See note 6 
--€50 
I'A 


±IU1 
Input leakage current, Port 0, EA, ADEXS, "EW; SELXTAL 1 
0.45 V < VI < Voo 
10 
ILA 


±IU2 
Input leakage current. SCL, SDA 
OV <V,<6V 
10 
ILA 
o V < Voo < 5.5 V 


±IU3 
Input leakage current. Port 5 
0.45 V < VI < Voo 
1 
llA 


Outputs 


VOL 
Output low voltage. Ports 1. 2. 3, 4 
IOL= 1.6mA7 
0.45 
V 


VOLl 
Output low voltage. Port 0, ALE. l"SI:f\l. "PWMO. 
IOL= 3.2mA7 
0.45 
V 
PWm.RSTOUT 


VOL2 
Output low voltage, SCL, SDA 
IOL= 3.0mA7, 19 
0.4 
V 


IOL= 6.0mA7. 19 
0.6 


VOH 
Output high voltage, Ports 1, 2. 3, 4 
Voo=5V±10% 


-IOH = 60ILA 
2.4 
V 


-IOH = 251LA 
0.75Voo 
V 


-IOH = 101LA 
0.9Voo 
V 


VOHl 
Output ~&,hMOIW;Jjort 
0 in extemal bus mode. ALE, 
Voo=5V±10% 
l"SI:f\l, 
• 
, RSTOUT) 8 
-IOH = 8OO11A 
2.4 
V 


-IOH = 3OO11A 
0.75Voo 
V 


-IOH = 8011A 
0.9Voo 
V 
VHYS 
Hysteresis of Schmitt Trigger inputs SCL. SDA (Fast-mode) 
0.05Voo 20 
V 


DC ELECTRICAL 
CHARACTERISTICS 
(Continued) 


voo = 5 V (± 10%), Vss = 0 V. Tamb= -40°C to +a5°C (paxCE55aEFx). 
DC parameters not included here are the same as in the paxCE55aEBx, 
DC electrical characteristics 


All voltages with respect to Vss unless otherwise specified. 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


RRST 
Intemal reset pull-down resistor 
50 
150 
kO 


C10 
Pin capacitance 
Test Ireq = 1MHz, 
10 
pF 


Tamb= 25°C 


Inputs 


V1L 
Input LOW voltage, except E!:, SCL, SDA 
-<J.5 
0.2Voo-<J·15 
V 


V1L1 
Input LOW voltage to E!: 
-<J.5 
0.2Voo-<J·35 
V 


VIH 
Input HIGH voltage, except XTAL 1, RSTIN, SCL, SDA, ADEXS 
0.2Voo+1.0 
Voo+0.5 
V 


VIH1 
Input HIGH voltage, XTAL 1, RSTIN, ADEXS 
0·7Voo+0.1 
Voo+0.5 
V 


IlL 
Input current LOW level, Ports 1,2, 3, 4 
VIN = 0.45 V 
-75 
IlA 


ITL 
Transition current HIGH to LOW, Ports 1, 2, 3, 4 
See note 6 
-750 
IlA 


DC ELECTRICAL 
CHARACTERISTICS 
ANALOG 


AVoo = 5 V (± 10%), AVss = 0 V, Tamb = 0 °C to +70 °c (paxCE55aEBx). 
AVoo = 5 V (± 10%), AVss = 0 V, Tamb = -40 °c to +a5 °c (PBxCE55BEFx). 
All voltages with respect to Vss unless otherwise specified. 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


AVoo 
Analog supply voltage 
AVoo = Voo ± 0.2 V 
4.5 
5.5 
V 


Analog supply current operating 
Port 5 = 0 to AVoo 
1.2 
mA 


Aloo 


see notes 1 and 2 


Analog supply current operating: 
Port 5 = 0 to AVoo 
7.2 
mA 
32 kHzlPLL operation 
see note 17, 1B 


Analog supply current Idle Mode 
see notes 1 and 3 
70 
flA 


AIIO 
Analog supply current Idle Mode: 
see note 17 
6.0 
mA 
32 kHzlPLL operation 


Supply current Power-down mode 
2 V < Vpo < Voomax 
50 
IlA 


Afpo 
see note 4 


Supply current Power-down mode: 
Voo = 5.5V 
200 
IlA 
32 kHz / PLL operation 
see note 17 


Analog 
Inputs 


AVIN 
Analog input voltage 
AVss-<J·2 
AVoo+0.2 
V 


AVREF 
Reference voltage: 


AVREF- 
AVss-<J·2 
V 
AVREF+ 
AVoo+0.2 
V 


RREF 
Resistance between AVREF+and AVREF_ 
10 
50 
kQ 


CIA 
Analog input capacitance 
15 
pF 
DL., 
Differential non-linearity 9. 10,11. 
±1 
LSB 
IL., 
Integral non-linearity 9.12 
±2 
LSB 


OS. 
Offset error 9, 13 
±2 
LSB 


G. 
Gain error 9, 14 
±O.4 
% 
Ae 
Absolute voltage error 9, 15 
±3 
LSB 


MCTC 
Channel to channel matching 
±1 
LSB 


Ct 
Crosstalk between inputs 01port 5 16 
Q-100kHz 
-W 
dB 


NOTES FOR DC ELECTRICAL CHARACTERISTICS: 


1. 
See Figures 55 and 57 through 59 for IDDtest conditions. 


2. 
The operating supply current is measured with all output pins disconnected; 
XTAL 1 driven with t, = tf = 5ns; VIL = Vss + 0.5 V; VIH = VDD- 0.5 V; XTAL2, XTAL3 not connected; 
EA = RSTIN = Port 0 = F.W = SCL = SDA = SELXTAL 1 = VDD; ADEXS = XTAL4 = Vss. 


3. 
The Idle Mode supply current is measured with all output pins disconnected; 
XTAL 1 driven with t, = tf = 5ns; VIL = Vss + 0.5 V; VIH = VDD - 0.5 V; XTAL2, XTAL3 not connected; 
Port 0 = F.W = SCL = SDA = SELXTAL 1 = VDD;EA = RSTIN = ADEXS = XTAL4 = Vss. 


4. 
The Power-down current is measured with all output pins disconnected; 
XTAL2 not connected; Port 0 = F.W = SCL = SDA = SELXTAL 1 = VDD; EA = RSTIN = ADEXS = XTAL 1 = XTAL4 = Vss. 


5. 
The input threshold voltage of SCL and SDA (S101) meets the 12Cspecification, so an input voltage below 0.3 VDD will be recognized as a 
logic 0 while an input voltage above 0.7 VDD will be recognized as a logic 1. 


6. 
Pins of ports 1,2,3, 
and 4 source a transition current when they are being externally driven from HIGH to LOW. The transition current reaches 
its maximum value when VIN is approximately 2 V. 


7. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOL of ALE and ports 1,3 and 4. The noise is 
due to extemal bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. 
In the worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed O.BV.In such cases, it may be desirable to 
qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 
. 


B. 
Capacitive loading on ports 0 and 2 may cause the VOHon ALE and J5Srn to momentarily fall below the 0.9V DDspecification when the address 
bits are stabilizing. 


9. 
Conditions: AVREF- = 0 V; AVDD= 5.0 V, AVREF+= 5.12 V. VDD= 5.0 V, Vss = 0 V, ADC is monotonic with no missing codes. Measurement 
by continuous conversion of AVIN = -20mV 
to 5.12 V in steps of 0.5mV, derivating parameters from collected conversion results of ADC. 


ADC prescaler programmed according to the actual oscillator frequency, resulting in a conversion time within the specified range for leonv 
(151ls ... SOilS). 


10. The differential non-linearity (DLe) is the difference between the actual step width and the ideal step width. 


11. The ADC is monotonic; there are no missing codes. 


12. The integral non-linearity (IL.) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 
appropriate adjustment of gain and offset error. 


13. The offset error (OS.) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 


a straight line which fits the ideal transfer curve. The offset error is constant at every point of the actual transfer curve. 


14. The gain error (G.) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error), 


and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. 


15. The absolute voltage error (Ae) is the maximum difference between the center of the steps of the actual transfer curve of the non-calibrated 


ADC and the ideal transfer curve. 


16. This should be considered when both analog and digital signals are simultaneously input to port 5. 


17. The supply current with 32 kHz oscillator running and PLL operation (SELXTAL 1 = 0) is measured with all output pins disconnected; 


XTAL4 driven with t, = tf = 5ns; VIL = Vss + 0.5 V; VrH = VDD- 0.5 V; XTAL2 not connected; 
Port 0 = F.W = SCL = SDA = VDD; EA = RSTIN = ADEXS = SELXTAL 1 = XTAL 1 = Vss. 


1B. Not 100% tested; sum of AIID (PLL) and AIDD (HF-Oscillator). 


19. The parameter meets the 12Cbus specification for standard-mode and fast-mode devices. 
20. Not 100% tested. 


30 


100 (mA) 


20 


8 
f(MHz) 


(1) 
Maximum operating mode P89CE558 
(2) 
Maximum operating mode P83CE558/P80CE558 
(3) 
Maximum Idle Mode P89CE558 
(4) 
Maximum Idle Mode P83CE558/P80CE558 


VOD = 5.5 V 
VDD=5.5V 
VDD = 5.5 V 


VDD = 5.5 V 


Code 
Out 
6 


0 
LJ 


2 
3 
4 
5 
6 
7 


Offset 
error 
OSe 


(1) 
Example of an actual transfer curve. 


(2) 
The ideal transfer curve. 


(3) 
Differential non-linearity (Ole). 
(4) 
Integral non-linearity (Ile). 
(5) 
Center of a step of the actual transfer curve. 


Offset 
Gain 
error 
error 
~I~ 


{ 


AVREF.•.-AVREF-} 


1 LSB = 
1024 


AC ELECTRICAL 
CHARACTERISTICS 


voo = 5 V ± 10% (EBx), VSS = 0 V, teLK min = l/fmax 
(maximum operating frequency) 
VOO= 5 V ± 10% (EFx), Vss = 0 V, teLK min = l/fmax 
(maximum operating frequency) 
Tamb= 0 ·C to +70 ·C, teLK min = 63 ns for P8xCE558EBx 
Tamb= -40 ·C to +85 ·C, teLK min = 63 ns for P8xCE558EFx 
Cl = 100 pF for Port 0, ALE and J5SEf\1; 
Cl = 80 pF for all other outputs unless otherwise specified. 


12MHzCLOCK 
16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
UNIT 


lltcLK 
60 
System clock frequency 
3.5 
16 
MHz 


It.HLL 
60 
ALE pulse width 
127 
85 
2teLK-40 
ns 


tAVLL 
60 
Address valid to ALE LOW 
43 
23 
teLK-40 
ns 


It.LAX 
60 
Address hold after ALE LOW 
53 
33 
teL~O 
ns 


It.LlV 
60 
ALE LOW to valid instruction in 
234 
150 
4tCLK-l00 
ns 


!t.LPL 
60 
ALE LOW to J5SEf\I LOW 
53 
33 
teLl'30 
ns 


tPLPH 
60 
J5SEf\I pulse width 
205 
143 
3teLK-45 
ns 


tpLiv 
60 
J5SEf\I LOW to valid instruction in 
145 
83 
3teLl'105 
ns 


tpXIX 
60 
Input instruction hold after J5SEf\I 
0 
0 
0 
ns 


tPXIZ 
60 
Input instruction float after J5SEf\I 
59 
38 
teLl,25 
ns 


tAVIV 
60 
Address to valid instruction in 
312 
208 
5teLl'105 
ns 


tpLAZ 
60 
J5SEf\I LOW to address float 
10 
10 
10 
ns 


Data Memory 


tAVLL 
61,62 
Address valid to ALE LOW 
43 
23 
teLK-40 
ns 


It.LAX 
61,62 
Address hold after ALE LOW 
48 
28 
te~5 
ns 


lRLRH 
61 
l10 pulse wid1h 
400 
275 
6teLl'100 
ns 


tWLWH 
62 
WR pulse width 
400 
275 
6tcLI,100 
ns 


tRLOV 
61 
l10 LOW to valid data in 
252 
148 
5teLl,165 
ns 


tRHOX 
61 
Data hold after l10 
0 
0 
0 
ns 


lRHOZ 
61 
Data float after l10 
97 
55 
2teLl'70 
ns 


It.LOV 
61 
ALE LOW to valid data in 
517 
350 
8teL,,150 
ns 


tAVOV 
61 
Address to valid data in 
585 
398 
9tCLK-165 
ns 


It.LWL 
61,62 
ALE LOW to l10 or WR LOW 
200 
300 
138 
238 
3teL,,50 
3teLK+50 
ns 


tAVWL 
61,62 
Address valid to WR LOW or l10 LOW 
203 
120 
4teLl'130 
ns 


tavwx 
62 
Data valid to WR transition 
33 
13 
teL,,50 
ns 


taVWH 
62 
Data before WR 
433 
288 
7tCL,,150 
ns 


tWHQX 
62 
Data hold after WR 
33 
13 
teL,,50 
ns 


lRLAZ 
61 
l10 low to address float 
0 
0 
0 
ns 


tWHLH 
61,62 
l10 or WR HIGH to ALE HIGH 
43 
123 
23 
103 
teLK-40 
teLK+40 
ns 


UART Timing - Shift Register Mode (Test Conditions: Tamb= O·C to +70 ·C; Vss = 0 V; Load Capacitance = 80pF) 


tXLXL 
64 
Serial port clock cycle lime 
1.0 
0.75 
12teLK 
J!s 


taVXH 
64 
Output data setup to clock rising edge 
700 
492 
10teL,,133 
ns 


tXHQX 
64 
Output data hold after clock rising edge 
50 
8 
2teLl'l17 
ns 


tXHOX 
64 
Input data hold after clock rising edge 
0 
0 
0 
ns 


tXHOV 
64 
Clock rising edge to input data valid 
700 
492 
10teLK-133 
ns 


Standard-mode 
Fast-mode 


SYMBOL 
PARAMETER 
12C-bus 
12C-bus 
UNIT 


MIN 
MAX 
MIN 
MAX 


12CInterface 
timing 
(refer to Figure 63) 


fSCl 
SCL clock frequency 
0 
100 
0 
400 
kHz 


teUF 
Bus free time between a STOP and START condition 
4.7 
- 
1.3 
- 
IJ.S 


tHO;STA 
Hold time (repeated) START condition. After this period, the 
4.0 
- 
0.6 
- 
IJ.S 
first clock pulse is generated 


fLow 
LOW period of the SCL clock 
4.7 
- 
1.3 
- 
I!S 


tHIGH 
High period of the SCL clock 
4.0 
- 
0.6 
- 
I!S 


lsu; STA 
Set-up time for a repeated START condition 
4.7 
- 
0.6 
- 
IJ.S 


tHO;OAT 
Data hold time: 
I!s 


for CBUS competible masters (see Section 9, Notes 1, 3) 
5.0 
- 
- 


for 12C-busdevices 
01 
0' 
0.92 


lsu; OAT 
Data set-up time 
250 
- 
10Q3 
- 
ns 


tFD, tFC 
Rise time of both SDA and SCL signals 
- 
1000 
20 + 
300 
ns 


0.lCb4 


tFO,tFC 
Fall time of both SDA and SCL signals 
- 
300 
20 + 
300 
ns 
0.lCb4 


tsu; STO 
Set-up time for STOP condition 
4.0 
- 
0.6 
- 
IJ.S 


Cb 
Capacitive load for each bus line 
- 
400 
- 
400 
pF 


tsp 
Pulse width of spikes which must be suppressed by the input 
- 
- 
0 
50 
ns 
filter 


All values referred to VIH and Vil maxlevels. 


NOTES: 


1. 
A device must intemally provide a hold time of at least 300 ns from the SDA signal (referred to the VIH minof the SCL signal) in order to 
bridge the undefined region of the falling edge of SCL. 


2. 
The maximum tHO,OAThas only to be met if the device does not stretch the LOW period (tlOW) of the SCL signal. 


3. 
A fast-mode 12C-busdevice can be used in a standard-mode 
12C-bussystem, but the requirement tSU,OAT~ 250 ns must then be met. This 
will automatically 
be the case if the device does not stretch the LOW period of the SCL signal. If such a device does stretch the LOW period 
of the SCL signal, it must output the next data bit to the SDA line tRmax+ tSU,OAT= 1000 + 250 = 1250 ns (according to the standard-mode 
12C-busspecification) 
before the SCL line is released. 


4. 
Cb = total capacitance of one bus line in pF. 


VARIABLE 
CLOCK 
SYMBOL 
PARAMETER 
fClK = 3.5 to 16 MHz 
UNIT 


MIN 
MAX 


!elK 
XTALl 
Period 
63 
286 
ns 


!elKH 
XTAL1 HIGH time 
20 
- 
ns 


!elKl 
XTAL1 LOW time 
20 
- 
ns 


!elKR 
XTAL 1 rise time 
- 
20 
ns 


!elKF 
XTAL 1 fall time 
- 
20 
ns 


!eVC 1) 
Controller cycle time 
0.75 
3.4 
I!S 


NOTE: 
1. 
!evc = 12 fClK 


2.4V=x2.0V......_2.0V>C 
Test Pointe 


0.8 V ..- 
-.. 
0.8 V 


0.45 
V 
~-------- 


NOTE: 
AC inputs during 
testing 
afe driven 
at 2.4V for a logic 'HIGH' 
and O.45V for a logic 


'LOW. 
Timing 
measurements 
afe made 
at 2.0 V for a logic 'HIGH' 
and 0.8 V for a 


1og;c'lOW. 


w=j 


2.0 V 


0.45 V 
0.8 V 


NOTE: 
The float stale 
is defined 
as the point at which 
a port 0 pins sinks 3.2 mA or 


sources 4OC¥A 
at the voltage test levels. ..t= 
0.8 V 
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SERIAL 
PORT 
CLOCK 


Purchase of Philips 12Ccomponents conveys a license under the Philips' 12Cpatent 
to use the components in the 12C system provided the system conforms to the 
12Cspecifications defined by Philips. This specification can be ordered using the 
code 9398 393 40011. 


• 80C51 central processing unit 


• 48 K x 8 ROM, expandable ex1ernally to 64 Kbytes 


• ROM Code protection 


• 1536 x B RAM, expandable externally to 64 Kbytes 


• Two standard 16-bit timer/counters 


• An additional 16-bit timer/counter coupled to four capture registers 


and three compare registers 


• A 1O-bit ADC with eight multiplexed analog inputs and 


programmable autoscan 


• Two B-bit resolution, pulse width modulation outputs 


• Five B·bit I/O ports plus one B-bit input port shared with analog 


inputs 


• 12C-busserial 110 port with byte oriented master and slave 


functions 


• Full-duplex UART compatible with the standard 80C51 


• On-chip watchdog timer 


• 15 interrupt sources with 2 priority levels (2 to 6 ex1ernal sources 


possible) 


• Extended temperature range (-40 to +85 0c) 


• 4.5 to 5.5 V supply voltage range 


• Frequency range for BOC51-family standard oscillator: 3.5 MHz to 


16MHz 


• PLL oscillator with 32 kHz reference and software-selectable 


system clock frequency 


• Seconds Timer 


• Software enable/disable of ALE output pulse 


• Electromagnetic compatibility improvements 


• Wake-up from Power--down by ex1emal or seconds interrupt 


2. 
GENERAL DESCRIPTION 
The PBOCE559/P83CE559 (hereafter generically referred to as 
P8xCE559) single-chip 8-bit microcontroller 
is manufactured 
in an 


advanced CMOS process and is a derivative of the BOC51 
microcontroller family. The P8xCE559 has the same instruction set 
as the 80C51. Three versions of the derivative exist: 


• P83CE559 - 
48 Kbytes mask programmable 
ROM 


• P80CE559 - 
ROMless version of the P83CE559 


• P89CE559 - 
not planned any longer 


The P8xCE559 contains a non-volatile 48 Kbytes mask 
programmable ROM (P83CE559), a volatile 1536 x Bread/write 
data memory, five 8-bit I/O ports, one 8-bit input port, two 16-bit 
timer/event counters (identical to the timers of the 80C51), an 
additional 16-bit timer coupled to capture and compare latches, a 
15-source, two-priority-Ievel, 
nested interrupt structure, an 8-input 


ADC, a dual DAC pulse width modulated interface, two serial 
interfaces (UART and 12C-bus), a "watchdog" timer, an on-chip 
oscillator and timing circuits. For systems that require ex1ra 
capability the P8xCE559 can be expanded using standard TTL 
compatible memories and logic. 


In addition, the P8xCE559 has two software selectable modes of 
power reduction - 
Idle Mode and power-down mode. The Idle 


Mode freezes the CPU while allowing the RAM, timers, serial ports, 
and interrupt system to continue functioning. The power-down mode 
saves the RAM contents but freezes the oscillator, causing all other 
chip functions to be inoperative. 


The device also functions as an arithmetic processor haVing 
facilities for both binary and BCD arithmetic as well as bit-handling 
capabilities. The instruction set consists of over 100 instructions: 49 
one-byte, 45 two-byte, and 17 three- byte. With a 16 MHz system 
clock, 58% of the instructions are executed in 0.751.lS and 40% in 
1.5 I.ls. Multiply and divide instructions require 3 J.LS. 


ROM coded 


P83CE559EBBIYyy1 


P83CE559EFBIYyy1 


NOTE: 
1. YYY denotes the ROM code number. 


ROMless 


P80CE559EBB 


P80CE559EFB 
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~ 
~ 


E;>;' 
-----'-+ 


~ 
~[TIm 
;:::..::;.:- 
[TIm 
~ 
cq: 


ADO-7 


"oJ, 
V 
~. 


A8-15 


PACKAGE 


DESCRIPTION 


FREQUENCY 
RANGE (MHz) 
TEMPERATURE 
RANGE (OC) 


Plastic Quad Flat Pack; 80 leads 


Plastic Quad Flat Pack; 80 leads 


3.5 to 16 


3.5 to 16 


Plastic Quad Flat Pack; 80 leads 


Plastic Quad Flat Pack; 80 leads 


3.5 to 16 


3.5 to 16 


o to +70 


-40 to +85 


I'W!.m 
I'WMT 
AVss 
AVREF 
ADCO-7 
SDA 
SCL 


[TI [TI.. 
'[' 
. . 
. ... 'r....... .... Hr 1m.. 


TO. T1 


TWO 
16-BIT 


TIMERIEVENT 


COUNTERS 


[!] 
I2J 


PROGRAM 
DATA 
DUAL 
MEMORY 
1 K xB 
MEMORY 
PWM 
48Kx8ROM 
boot ROM 
256 xB RAM 
+ 
1280x8 
RAM 


~ ~ 
~ 
L 
>. 


" 


..; 
7- 
..; 
" 
7 


B-BIT 
INTERNAL 
BUS 


~ ~ 
-<: 
>. 
).. 
-<: 


..; 
'7 
-.( 


12(; 


SERIAL 


1/0 


BOC51 CORE 
L. 


EXCLUDING 


ROMIRAM 


PARALLELUO 
PORTS 
AND 
EXTERNAL 
BUS 


T2 
T2 


-4 
COMPARA- 
FOUR 
'6 
16-BIT 
16 
16-BIT 


WA~~f<- 
8-BIT 
1{).81T 
-.r 
I.;;:. COMPARA· 


-4 
OJ~:UT 
PORTS 
TIMER! 
CAPTURE 
EVENT 
TORS 


-4 
SELECTi6f., 


DOG 


LATCHES 
COUNT· 
WITH 
TIMER 


ERS 
REGISTERS 


PLL 


oscillator 
+ 


"seconds· 


timer 


SERIAL 
UART 
PORT 


>. 
,(>. 


7---~ 
Q] Q]---QJ----------~ 


rn ALTERNATE 
FUNCTION 
OF PORT 
3 


[£) 
ALTERNATE 
FUNCTION 
OF PORT 4 
[I] ALTERNATE 
FUNCTION 
OF PORT 
5 


o ALTERNATE 
FUNCTION 
OF PORTO 
Q] ALTERNATE 
FUNCTION 
OF PORT' 
o ALTERNATE 
FUNCTION 
OF PORT2 


CD 
NOT 
PRESENT 
IN PBOCE559 


IT] 
ONLY 
PRESENT 
IN P89CE559 


XTAL1 


XTAL2 


EA: 


ALEIWE 


PSEN 
~ 


AVSS 
----. 


AVoo 
----. 


AVref+ 
----. 


AVref- 
----. 


ADEXS 
----. 


PWMO 
~ 


PWMT 
~ 


SCL 


SDA 


AOCD-7 


~~ 


CMSRD-S 
L~ 
ll. 


CMTO~ 


CMT1~ 


RSTIN 


RSTOUT 
l:W 


~ 


o 
----. 


1 
----. 


2 
----. 


3 
----. 


4 
----. 


5 
----. 


6 
----. 


7 
----. 
o~ 


1~ 


2~ 


3~ 


4~ 


5~ 


6~ 


7~ 


~ 


~O 


~1 


~2 


~3 


~4 


~5 


~6 


~7 


~O 


~1 


~2 


~3 


~4 


~5 
m 
~6 
III 
~7_ 
i ~ 
0 


~1 


~2 


~3 


~4 


~5 


~6 


~7 


~O 


~1 


~2 


~3 


~4 


~5 


~6 


~7 


XTAL3 


XTAL4 


SELXTAL1 


~o 


~1 
::~2 


~ ~---. 
3 
ll. 


~4 


~---. 5 


~---. 
6 


~---. 
7 
+- 
CTOIIINT2 
+- 
CT1111NT3 
+- 
CT2111NT4 
~Ii: +- 
CT3111NT5 
~+-T2 
+- 
RT2 


LOW ORDER 


ADDRESS AND 


DATA BUS 


ADO-7 


----. 
----. 


N ----. 
Ii: ----. 
o 
ll. ----. 
----. 
----. 
~ 
~ 
----. 


HIGH ORDER 


ADDRESS BUS 
A8-1S 


RxDIDATA 


TxD/CLOCK 


~ ~ 
Jm1l 


~~ 
Tfm 
ll. 


~TO 


~ 
T1 


----. 
WR 


----. 
RD 


4. 
PINNING 


:J 
a 
0 
N 
M 
..,. 


'" 
CD 
•... 


~ 
0 
0 
0 
0 
0 
0 
0 
..,. 
M 
I/j 
~ ~ ~ ~ ~ ~ ~ ~ ~ 
X 
...J 
...J 


...J 


~ ~ 
'" 
0 
a 
M 
..,. 
'" 
CD 
;j, 
C'i 
w 
~ ~ 
ci 
ci 
ci 
ci 
ci 
ci 
ci 
ci 
'" 
0 I~ 
en 
a.. 
a.. 
a.. 
a.. 
a.. 
a.. 
a.. 
a.. 
> 
> 


AV'.f_ 
ALEJWE 


AV,.f+ 
J5SEN 


AVss 
P2.7/A15 


AVoo1 
P2.6/A14 


P5.7/ADC7 
P2.5/A13 


P5.61ADC6 
P2.4/A12 


P5.5/ADC5 
P2.31A11 


P5.4/ADC4 
P2.21A10 


P5.31ADC3 
P2.1/A9 


P5.21ADC2 
P2.0/A8 


P5.1/ADC1 
Vss3 


P5.0/ADCO 
P8xCE559 
VOO3 


Vss1 
XTAL1 


VOO1 
XTAL2 


ADEXS 
n.C. 


l"WMO 
n.C. 


PWm 
P3.7/RU 


EW 
P3.6iW1'f 


P4.0/CMSRO 
P3.5/T1 


P4.1/CMSR1 
P3.4/TO 


P4.21CMSR2 
P3.3!1Nrf 


P4.31CMSR3 
P3.2IIJ'mj 


RSTOUT 
P3.1/TXD 


P4.4/CSMR4 
P3.0/RXD 


'" 
a 
i= 
~ 
I/j 
Z 
N 
M 
..,. 


'" 
N 
N 
"! 
'" 


...J 
<{ 
a: 
r- 
r- 
r- 
r- 
r- 


~ 
r- 
() 
en 
::;: 
::;: 
0 
'" 
i= 
z 
z z z 
a: 
0:: 
0:: 
0 
::;: 
Q ~ 
> 
> 
en 
"" 
s 
"" 
"" 
"i 


en 
en 


~ 


a: 
0 
i= 
N 
c;; 
0:: 
CD 
r- 
r- 
r- 
0:: 
'<i 
'<i 
~ g ~ ~ 


'<i 
a.. 
a.. 


a.. 


0:: 
0:: 
0:: 
0:: 


n.c. 
not connected 


SYMBOL 
PIN 
DESCRIPTION 


AVref_ 
1 
Low end of analog to digital conversion reference resistor 


AVref+ 
2 
High end of analog to digital conversion reference resistor. 


AVSS1 
3 
Analog 
ground for ADC 
AVoo1 
4 
Analog 
power supply (+5 V) for ADC 


AVSS2 
77 
Analog 
ground; for PLL oscillator 
AVOO2 
76 
Analog 
power supply; (+5 V) for PLL oscillator 


Port 5 
P5.7 -- P5.0 
5-12 
8-bit input port 


Port pin 
Alternative function 


P5.D-P5.7 
Eight input channels to ADC (ADCD-ADC7) 


Voo1, VOO2, 
14,28, 
Digital power supply: 
+5 V power supply pins during normal operation and power reduction modes. All pins 
V003, VOO4 
53,66 
must be connected. 


VSS1,VSS2 
13,29, 
Digital ground: 
circuit ground potential. All pins must be connected. 
VSS3, VSS4 
54,67 


ADEXS 
15 
Start ADC operation: 
Input starting analog to digital conversion triggered by a programmable edge (ADC 
operation can also be started by software). This pin must not float 


PWMO 
16 
Pulse width 
modulation 
output 0 


l"WM1 
17 
Pulse width modulation 
output 1 


EW 
18 
Enable watchdog 
timer: 
Enable for T3 watchdog timer and disable Power-<!own Mode.This pin must not 
float. 


Port 4 


P4.0- 
P4.7 
19-22 
8-bit quasi-bidirectional 
I/O port 


24-27 


Port pin 
Alternative function 


P4.0 
CMSRO) 


P4.1 
CMSR1 ) 


P4.2 
CMSR2 ) compare and set/reset 


P4.3 
CMSR3) 
outputs on a match with timer T2 


P4.4 
CMSR4) 
P4.5 
CMSR5) 


P4.6 
CMTO 
) compare and toggle outputs 


P4.7 
CMT1 
) on a match with timer T2 


RSTIN 
30 
Reset: Input to reset the P8xCE559. 


RSTOUT 
23 
Reset: Output of the P8xCE559 for resetting peripheral devices during initialization and Watchdog Timer 
overflow. 


P1.0 
P1.7 
31 
38 
Port 1 
8-bit quasi-bidirectionall/O 
port 


Port pin 
Alternative function 


P1.0 
CTOI/INT2) 


P1.1 
CT11/INT3) 
: 
Capture timer inputs for 


P1.2 
CT21/INT4) 
timer T2 or extemal interrupt inputs 
P1.3 
CT31/INT5) 
P1.4 
T2 
: 
T2 event input, rising edge triggered 


P1.5 
RT2 
: 
T2 timer reset input, rising edge triggered 


P1.6 
P1.7 


SCL 
39 
12C-bus serial clock 
I/O port 


SDA 
40 
12C-bus serial data I/O port 
If SCL and SDA are not used, they must be connected to Vss. 


SYMBOL 
PIN 
DESCRIPTION 


P3.0 - P3.7 
41 - 48 
B-bit quasHlidirectional 
I/O port 
Port pin 
Alternative function 
P3.0 
RXD 
: 
Serial input port 
P3.1 
TXD 
: 
Serial output port 
P3.2 
TI'ml 
: 
External interrupt 
P3.3 
l'I'JTT 
: 
External interrupt 
P3.4 
TO 
: 
TImer 0 external input 
P3.5 
T1 
: 
TImer 1 external input 
P3.6 
WR 
External data memory write strobe 
P3.7 
RU 
: 
External data memory read strobe 


N.C. 
49-50 
Not connected pins. 


XTAL2 
51 
Crystal pin 2: output of the inverting amplifierthatforms 
the oscillator. Leftopen-drcuitwhen 
an external oscillator 
clock is used. 


XTAL1 
52 
Crystal 
pin 1: input to the inverting amplifier that forms the oscillator, and input to the internal clock generator. 


Receives the extemal oscillator clock signal when an external oscillator is used. Must be connected to logic 
HIGH if the PLL oscillator is selected (SELXTAL 1 = LOW) 


P2.0 - P2.7 
55-62 
Port2: 8-bit quasi-bidirectionall/O 
port with internal pull-ups. During access to external memories (RAM/ROM) 
that use 16-bit addresses (MOVX@DPTR) 
Port 2 emits the high order address byte. 


The alternative function of P2.7 for the P89CE559 is the output enable signal for verify/read modes (active low). 


Port 2 can sink/source one TIL 
(=4 LSTIL) 
input. It can drive CMOS inputs without external pull-ups. 


~ 
63 
Program 
Store Enable output: 
read strobe to the external program memory via Port 0 and 2. Is activated twice 
each machine cycle during fetches from extemal program memory. When executing out of extemal program 
memory two activations of~ 
are skipped during each access to external data memory. ~ 
is not activated 
(remains HIGH) during no fetches from external program memory. ~ 
can sink/source 8 LSTIL 
inputs. It can 
drive CMOS inputs without external pull-ups. 


ALEiWE 
64 
Address 
Latch Enable output: 
latches the low byte of the address during access of external memory in normal 
operation. It is activated every six oscillator periods except during an external data memory access. ALEiWE can 
sink/-source 
8 LSTIL 
inputs. 


It can drive CMOS inputs without an external pull-up. 
The alternative function for the P89CE559 is the programming pulse input WE. 


To prohibit the toggling of ALE pin (RFI noise reduction) the bit RFI in the PCON Register (PCON.5) must be set 
by software. This bit is cleared on RESET and can be set and cleared by software. When set, ALE pin will be pulled 
down internally, switching an extemal address latch to a quiet state. The MOVX instruction will still toggle ALE if 
external memory is accessed. 


ALE will retain its normal high value during Idle Mode and a low value during Power-down 
Mode while in the "RFI" 


mode. Additionally during internal access (Ell; = 1) ALE will toggle normally when the address exceeds the internal 
program memory size. During external access (Eli: = 0) ALE will always toggle normally, whether the flag "RFI" 
is set or not. 


EA 
65 
External 
Access 
Input: 
If, during RESET, EA is held at a TIL level HIGH the CPU executes out of the 
internal program memory, provided the program counter is less than 49152. If, during RESET, EA is held at a 
TIL level LOW the CPU executes out of external program memory via Port 0 and Port 2. EA is not allowed to 
float. EA is latched during RESET and don't care after RESET. 


PO.7 PO.O 
68 
75 
Port 0: B-bit open drain bidirectional I/O port. It is also the multiplexed low-<lrder address and data bus during 
accesses to external memory (during theses accesses intemal pull-ups are activated). Port 0 can sink/source 8 
LSTIL 
inputs. 


XTAL3 
78 
Crystal 
pin, output of the inverting amplifier that forms the 32 kHz oscillator 


XTAL4 
79 
Crystal 
pin, input to the inverting amplifier that forms the 32 kHz oscillator. XTAL3 and XTAL4 are pulled LOW 
if the PLL oscillator is not selected (SELXTAL 1 = HIGH) or if Reset is active. 


SELXTAL1 
80 
Must be connected to logic HIGH level to selecllhe 
HF oscillator, using the XTAL l/XTAL2 crystal. If pulled low the 
PLL is selected for clocking of the controller, using the XTAL3I XTAL4 crystal. 


NOTE: 
1. To avoid a 'Iatch--up' effect at Power-<ln, the voltage at any pin at any time must not be higher or lower than VDD+ 0.5 V or Vss- 
0.5 V 
respectively. 


5. 
ELECTROMAGNETICS 
COMPATIBILITY 
(EMC) 
IMPROVEMENTS 
Primary atlention was paid on the reduction of electromag- 
netic 


emission of the microcontroller 
P8xCE559. 


The following features effect in reducing the electromag- 
netic 


emission and additionally improve the electromagnetic 
susceptibility: 


• Four supply voltage pins (Voo) and four ground pins (Vss) with 


pairs of Voo and Vss at two adjacent pins at each side of the 
package. 


• Separated Voo pins for the intemallogic 
and the port buffers 


• Internal decoupling capacitance improves the EMC radiation 


behavior and the EMC immunity 


• External capacitors are to be located as close as possible 


between pins VOOl and VSS1,V002 and VSS2,V003 and VSS3as 
well as V004 and VSS4; ceramic chip capacitors are 
recommended (1OOnF). 


• The ALE output signal (pulses at a frequency off elK/6) can be 


disabled under software control (bit 5 in the SFR PCON: "RFI"); if 
disabled, no ALE pulse will occur. ALE pin will be pulled down 
intemally, switching an extemal address latch to a quiet state. The 
MOVX instruction will still toggle ALE (extemal data memory is 
accessed). ALE will retain its normal HIGH value during Idle Mode 
and a LOW value during Power-down mode while in the "RFI" 
reduction mode. Additionally during internal access (EA = 1) ALE 
will toggle normally when the address exceeds the intemal 
program memory size. During extemal access (EA = 0) ALE will 
always toggle normally, whether the flag "RFI" is set or not. 


64K 


External 


49152 
A 
r 
\ 


49151 


Internal 
External 


(EJ0;.1) 
(EJI"=O) 


0 


6.1 
General 
The P8xCE559 is a stand-alone 
high-performance 
microcontroller 
designed for use in real time applications such as instrumentation, 
industrial control, medium to high-end 
consumer applications and 
specific automotive control applications. 


In addition to the 80C51 standard functions, the device provides a 
number of dedicated hardware functions for these applications. 


The P8xCE559 is a control--<>rientedCPU with on-<:hip program and 
data memory. It can be extended with extemal program memory up 
to 64 Kbytes. It can also access up to 64 Kbytes of extemal data 
memory. For systems requiring extra capability, the P8xCE559 can 
be expanded using standard memories and peripherals. 


The P8xCE559 has two software selectable modes of reduced 
activity for further power reduction - Idle and Power-<lown. The Idle 
Mode freezes the CPU while allowing the RAM, timers, serial ports 
and interrupt system to continue functioning. The Power-<lown 
Mode saves the RAM contents but freezes the oscillator causing all 
other chip functions to be inoperative.The 
Power-<lown Mode can 
be terminated by an external Reset, by the seconds interrupt and by 
anyone 
of the two extemal interrupts. (see description Wake-up 
from Power-<lown Mode). 


'-------~------_./ 


Program Memory 
'------------...--------~/ 


Intama' 
Data Memory 


6.2 
Memory Organization 
The central processing unit (CPU) manipulates operands in three 
memory spaces; these are the 64 Kbytes external data memory, 
1536 bytes internal data memory (consisting of 256 bytes standard 
RAM and 1280 bytes AUX-RAM) 
and the 48 Kbytes internal and/or 
64 Kbytes external program memory (see Rgure 4). 


6.2.1 
Program 
Memory 
The program memory of the P8xCE559 consists of 48 Kbytes ROM 
respectively FEEPROM ("Flash Memory") orH:hip, 
externally 


expandable up to 64 Kbytes. If, during RESET, the EA pin was held 
HIGH, the P8xCE559 executes out of the internal program memory 
unless the address exceeds OBFFFH. Locations OCOOOHthrough 
OFFFFH are then fetched from the external program memory. If the 
EA pin was held LOW during RESET the P8xCE559 fetches all 
instructions from the external program memory. The EA input is 
latched during RESET and is don't care after RESET. 


The internal program memory content is protected, by setting a 
mask programmable security bit (ROM) or by the software 
programmable security byte (FEE PROM) respectively, i.e., it cannot 
be read out at any time by any test mode or by any instruction in the 
external program memory space. The MOVC instructions are the 
only ones which have access to program code in the internal or 
external program memory. The EA input is latched during RESET 
and is 'don't care' after RESET. This implementation 
prevents from 


reading internal program code by switching from external program 
memory to internal program memory during MOVC instruction or an 
instruction that handles immediate data. Table 1 lists the access to 
the internal and external program memory with MOVC instructions 
when the security feature has been activated. 


6.2.2 
Internal 
Data Memory 
The internal data memory is divided into three physically separated 
parts: 


256 bytes of RAM, 1280 bytes of AUX-RAM, 
and a 128 bytes 


special function area. These can be addressed each in a different 
way (see also Table 2). 


- 
RAM 0 to 127 can be addressed direcUy and indirecUy as in the 
80C51. 


Address pointers are ROand R1 of the selected registerbank. 


- 
RAM 128 to 255 can only be addressed indirecUy. 


Address pointers are ROand R1 of the selected registerbank. 


- AUX-RAM 
0 to 1279 is also indirecUy addressable as external 


DATA MEMORY locations 0 to 1279 via MOVX-Datapointer 
instruction, unless it is disabled by setting ARD = 1. 


AUX-RAM 
0 to 1279 is indirecUy addressable via pageregister 
(XRAMP) and MOVX-Ri 
instructions, unless it is disabled by 


setting ARD = 1 (see Figure 5). 


When executing from internal program memory, an access to 
AUX-RAM 
0 to 1279 will not affect the ports PO, P2, P3.6 and 


P3.7. 


An access to external DATA MEMORY locations higher than 1279 
will be performed with the MOVX 
@ DPTR instructions in the 


same way as in the 80C51 structure, so with POand P2 as 
data/address bus and P3.6 and P3.7 as write and read timing 
signals. Note that the external DATA MEMORY cannot be 
accessed with ROand R1 as address pointer if the AUX-RAM 
is 


enabled (ARD = 0, default). 


- The Special Function Registers (SFR) can only be addressed 


directly in the address range from 128 to 255 (see Table 5). 


- 
Four register banks, each 8 registers wide, occupy locations 0 
through 31 in the lower RAM area. Only one of these banks may 
be enabled at a time. The next 16 bytes, locations 32 through 47, 
contain 128 direcUy addressable bit locations.The stack can be 
located anywhere in the internal 256 bytes RAM.The stack depth 
is only limited by the available internal RAM space of 256 bytes 
(see Figure 7). 


All registers except the program counter and the four register 
banks reside in the Special Function Register address space. 


MOVC LOCATION 
ACCESS TO INTERNAL 
ACCESS TO EXTERNAL 


PROGRAM MEMORY 
PROGRAM MEMORY 


MOVe in internal program memory 
YES 
YES 


MOVe in external program memory 
NO 
YES 


LOCATION 
ADDRESSED 


RAM 
Oto 127 
Direct and indirect 


AUX-RAM 
o to 1279 
Indirect only with MOVX 


RAM 
128 to 255 
Indirect only 


SFR 
128 to 255 
Direct only 


255 
1279 
t:' 


(XRAMP) = 04 H 


1024 
1023 


(XRAMP) = 03 H 


768 
767 
MOVX 
@Ri, 
/255 


~OVX 
A, 


~'~ 


(XRAMP) = 02 H 


@Ri 
512 
511 
MOVX @OPTR,A 
(XRAMP) = 01 H 
MOVX A,@OPTR 


256 
255 
255 


(XRAMP) = 00 H 


0 
.0__ 


Figure 5. 
Indirect 
addressing 
of AUX-RAM 
(1280 Bytes), ARD bit in peON = O. 


6.2.2.1 
AUX-RAM 
Page Register 
XRAMP 


The AUX-RAM 
Page Register is used to select one of five 256 


bytes pages of the internal 1280 bytes AUX-RAM 
for 


MOVX-accesses 
via ROor R1. Its reset value is (XXXXXOOO). 


BIT 
SYMBOL 
FUNCTION 


XRAMP.3-7 
XRAMPx 
reserved for future use 


XRAMP.2 
XRAMP2 
AUX-RAM 
page select bit 2 


XRAMP.1 
XRAMP1 
AUX-RAM 
page select bit 1 


XRAMP.O 
XRAMPO 
AUX-RAM 
page select bit 0 


ARD1 
XRAMP2 
XRAMP1 
XRAMPO 
MOVX @Ri,Aand 
MOVX A,@Ri instructions 
access: 


0 
0 
0 
0 
AUX-RAM 
locations 
0 .. 255 
(reset condition) 


0 
0 
0 
1 
AUX-RAM 
locations 
256 .. 511 


0 
0 
1 
0 
AUX-RAM 
locations 
512 .. 767 


0 
0 
1 
1 
AUX-RAM 
locations 
768 ... 1023 


0 
1 
0 
0 
AUX-RAM 
locations 
1024 .. 1279 


0 
1 
0 
1 
no valid memory access; reserved for future use 


0 
1 
1 
X 
no valid memory access; reserved for future use 


1 
X 
X 
X 
External RAM locations 
0 .. 255 


MOVX @DPTR,Aand 
MOVX A.@DPTR instructions 
access: 


0 
X 
X 
X 
AUX-RAM 
locations 
0 .. 1279 
(reset condition) 


External RAM locations 
1280 .. 65535 


1 
X 
X 
X 
External RAM locations 
0 .. 65535 


NOTE: 
1. ARD (AUX-RAM 
Disable) is a bit in the Special Function Register peON 


High Nibble of SFR Address 


LOW 
B 
9 
A 
B 
C 
D 
E 
F 


0 
PO% 
P1 % 
P2% 
P3% 
P4% 
PSW% 
ACC% 
B% 
11111111 
11111111 
11111111 
11111111 
11111111 
00000000 
00000000 
00000000 


1 
SPOOOO0111 


2 
DPL 
00000000 


3 
DPH 
00000000 


4 


5 


6 
ADRSLO# 
ADRSL1 # 
ADRSL2 # 
ADRSL3 # 
ADRSL4# 
ADRSL5 # 
ADRSL6# 
ADRSL7# 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 


7 
PCON 
P5 # 
ADCON 
ADPSS 
ADRSH # 
00000000 
XXXXXXXX 
00000000 
00000000 
OOOOOOXX 


B 
TCON% 
SOCON% 
IENO% 
IPO% 
TM2IR% 
S1CON% 
IEN1 % 
IP1 % 
00000000 
00000000 
00000000 
XOOOOOOO 
00000000 
00000000 
00000000 
00000000 


9 
TMOD 
SOBUF 
CMLO 
CMHO 
S1STA# 
PLLCON 
00000000 
XXXXXXXX 
00000000 
00000000 
11111000 
00001101 


A 
TLO 
CML1 
CMH1 
S1DAT 
TM2CON 
XRAMP 
00000000 
00000000 
00000000 
00000000 
00000000 
XXXXXOOO 


B 
TL1 
CML2 
CMH2 
S1ADR 
CTCON 
FMCON" 
00000000 
00000000 
00000000 
00000000 
00000000 
OOOXOOOO 


C 
THO 
CTLO # 
CTHO # 
TML2# 
PWMO 
00000000 
XXXXXXXX 
XXXXXXXX 
00000000 
00000000 


D 
TH1 
CTL1 # 
CTH1 # 
TMH2# 
PWM1 
00000000 
XXXXXXXX 
XXXXXXXX 
00000000 
00000000 


E 
CTL2 # 
CTH2 # 
STE 
PWMP 
XXXXXXXX 
XXXXXXXX 
11000000 
00000000 


F 
CTL3 # 
CTH3 # 
RTE 
T3 


XXXXXXXX 
XXXXXXXX 
00000000 
00000000 


% 
Bit addressable register 
# 
Read only register 
X 
Undefined 
FMCON only in PB9CE559 


6.3 
Addressing 
The PBxCE559 has five methods for addressing: 


• Register 


• Direct 


• Register-Indirect 


• Immediate 


• Register in one of the four register banks through Register, Direct 
or Register-Indirect 
addressing 


• 1536 bytes of internal RAM through Direct or Register-Indirect 


addressing. Bytes 0-127 of intemal RAM may be addressed 
directly/indirec~y. Bytes 128--255 of intemal RAM share their 
address location with the SFRs and so may only be addressed 
indirec~y as data RAM. Bytes 0-1279 of AUX-RAM 
can only be 


addressed indirec~y via MOVX. 


• Special Function Register through direct addressing at address 
locations 128--255 (see Figure Bl. 


• External data memory through Register-Indirect 
addressing 


• Program memory look-up tables through Base- Register plus 


Index-Register-Indirect 
addressing 


The first three methods can be used for addressing destination 
operands. Most instructions have a "destination/source" 
field that 
specifies the data type, addressing methods and operands involved. 
For operations other than MOVs, the destination operand is also a 
source operand. 


Access to memory addresses is as follows: 


BYTE ADDRESS 


(HEX) 
BITADDRESS (HEX) 
~ 
r----------.-''-------------, 


j--(-M-SB-}--------------(l-S-B} 
1 


7F 
7E 
7D 
7C 
7B 
7A 
79 
78 


77 
76 
75 
74 
73 
72 
71 
70 
6F 
6E 
6D 
6C 
6B 
6A 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 


5F 
5E 
5D 
5C 
5B 
5A 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
4F 
4E 
4D 
4C 
4B 
4A 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
3F 
3E 
3D 
3C 
3B 
3A 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
2F 
2E 
2D 
2C 
2B 
2A 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


1F 
1E 
1D 
1C 
1B 
1A 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
OF 
OE 
OD 
OC 
OB 
OA 
09 
08 
07 
06 
05 
04 
03 
02 
01 
00 


Bank3 


Bank2 


Bank1 


Bank0 


BYTE ADDRESS 
(DECIMAL) 


~ 


DIRECT BYTE 
REGISTER 
ADDRESS (HEX) 
BIT ADDRESS (HEX) 
MNEMONIC 
~r 
----- 
,~ 


FFH 1 


(MSB) 
(LSB)l 


PT2 
PCTO 


F8H 
FF 
F8 
IPl 


FOH 
F7 
FO 
B 


ET2 
ECTO 


E8H 
EF 
E8 
IENl 


EOH 
E7 
EO 
ACC 


CR2 
CRO 


D8H 
DF 
D8 
SlCoN 


CY 
P 


DOH 
D7 
DO 
PSW 


T20V 
CTIO 


C8H 
CF 
C8 
TM21R 


COH 
C7 
CO 
P4 


PXO 


B8H 
BF 
B8 
IPO 


BOH 
B7 
BO 
P3 


EA 
EXO 


A8H 
AF 
A8 
IENO 


AOH 
A7 
AO 
P2 


SMO 
RI 


98H 
9F 
98 
SOCoN 


90H 
97 
90 
Pl 


TFl 
ITO 


88H 
8F 
88 
TCoN 


80H 
87 
80 
PO 


6.4 
va Facilities 
The P8xCE559 has six 8-bit ports. Ports 0 to 3 are the same as in 
the 80C51, with the exception of the additional functions of Port 1. 
The parallel 110 function of Port 4 is equal to that of Ports 1, 2 and 3. 
Port 5 has a parallel input port function, but has no function as an 
output port. 


The SDA and SCL lines serve the serial port SI01 (12C).Because 
the 12e-bus may be active while the device is disconnected from 
Voo, these pins, are provided with open drain drivers. 


Ports 0, 1, 2, 3, 4 and 5 perform the following altemative functions: 


provides the multiplexed low-order 
address and 


data bus used for expanding the P8xCE559 with 
standard memories and peripherals. 


Port 1 is used for a number of special functions: 


4 capture inputs (or external interrupt request inputs 
if capture information is not utilized) 
- extemal counter input 


- extemal counter reset input 


provides the high-order 
address bus when the 


P8xCE559 is expanded with external Program 
Memory and/or external Data Memory. 


pins can be configured individually to provide: 
- extemal interrupt request inputs 


- counter inputs 


- receiver input and transmitter output of seri port 


SIOO (UART) 


- control signals to read and write external Data 


Memory 


can be configured to provide signals indicating a 
match between timer counter T2 and its compare 
registers. 


may be used in conjunction with the ADC inter- 
face.Unused analog inputs can be used as digital 
inputs. As Port 5 lines may be used as inputs to the 
ADC, these digital inputs have an inherent hystere- 
sis to prevent the input logic from drawing too much 
current from the power lines when driven by analog 
signals. Channel to channel crosstalk should be tak- 
en into consideration when both digital and analog 
signals are simultaneously 
input to Port 5 (see DC 


characteristics). 


All ports are bidirectional with the exception of Port 5 which is an 
input port. 


Pins of which the altemative function is not used may be used as 
normal bidirectionall/Os. 


The generation or use of a Port 1, Port 3 or Port 4 pin as an 
altemative function is carried out automatically 
by the P8xCE559 


provided the associated Special Function Register bit is set HIGH. 
The pull-up arrangements of Ports 1 - 4 are shown in Figure 9. 


P1 is turned on for 2 system clock periods after ON makes a 1-to-O transition. 


During this time, P1 also tums on P3 through the inverter to form an additional pull up. 


6.5 
Pulse Width Modulated Outputs 


The P8xCE559 contains two pulse width modulated output channels 
(see Figure 13). These channels generate pulses of programmable 
length and interval. The repetition frequency is defined by an 8-bit 
prescaler PWMP, which supplies the clock for the counter. The 
prescaler and counter are common to both PWM channels. The 8-bit 
counter counts module 255, i.e., from 0 to 254 inclusive. The value 
of the 8-bit counter is compared to the contents of two registers: 
PWMO and PWM1. Provided the contents of either of these registers 
is greater than the counter value, the corresponding PWMO or 
PWm output is set LOW. If the contents of these registers are 
equal to, or less than the counter value, the output will be HIGH. The 
pulse-width-ratio 
is therefore defined by the contents of the registers 
PWMO and PWM1. The pulse-width-ratio 
is in the range of 0/255 to 
255/255 and may be programmed in increments of 1/255. 


Buffered PWM outpu1s may be used to drive DC motors. The 
rotation speed of the motor would be proportional to the contents of 
PWMn. The PWM outputs may also be configured as a dual DAC. In 
this application, the PWM outputs must be integrated using 


conventional operational amplifier circuitry. If the resulting output 
voltages have to be accurate, extemal buffers with their own analog 
supply should be used to buffer the PWM outputs before they are 
integrated. The repetition frequency fpwm, at the PWMn outputs is 
give by: 
fCLK 
fpwM = 2 x (1 + PWMP) x 255 


This gives a repetition frequency range f)f 123 Hz to 31.4 kHz 
(fcLK = 16 MHz). By loading the PWM registers with either DOHor 
FFH, the PWM channels will output a constant HIGH or LOW level, 
respectively. Since the 8-bit counter counts modulo 255, it can never 
actually reach the value of the PWM registers when they are loaded 
with FFH. 


When a compare register (PWMO or PWM1) is loaded with a new 
value, the associated outpu1 is updated immediately. It does not 
have to wait until the end of the current counter period. Both l'W'Mi 
output pins are driven by push-pull drivers. These pins are not used 
for any other purpose. 


7 
6 
5 
4 
3 
2 
1 
0 


PWMP(FEH) 
PWMP.7 
PWMP.6 
PWMP.5 
PWMP.4 
PWMP.3 
PWMP.2 
PWMP.1 
PWMP.O 


Table6. 
Description of PWMP bits 


BIT 


PWMP.O to 7 
Prescaler division factor = (PWMP) + 1 


Reading PWMP gives the current reload value. The actual count of the prescaler cannot be read. 


7 
6 
5 
4 
3 
2 
1 
0 


PWMO(FCH) 
PWMO.7 
PWMO.6 
PWMO.5 
PWMO.4 
PWMO.3 
PWMO.2 
PWMO.1 
PWMO.O 


BIT 
FUNCTION 


PWMO.Ot07 
LOWIHIGH ration of PWMO signal = 
(PWMO) 


255-(PWMO) 


1 


PWM1.1 
o 


PWM1.0 


BIT 
FUNCTION 


PWM1.0t07 
LOWIHIGH ration of PWIiiIT signal = 
CPWMll 


255-{PWM1) 


ADCO 0 
COMPARATOR 
I 
ANALOG 
I 
SAR 


I 
Mux. 


I 0 
ADC7 


10 


AVref+ 0 
10 


AVref_ 0 
10 


AVOO1 0-- 


8x 


AVSS1 0- 


1~itresult 
registers 


ADEXS D-----i 


6.6 
Analog/Digital Converter (ADC) 
The P6xCE559 AID Converter is a 1Q-bit, successive approximation 
ADC with 6 multiplexed analog input channels. It additionally 
contains a high input impedance comparator, a DAC built with 1024 
series resistors and analog switches, registers and control logic. 


Input voltage range is from AVref- (typical OV)to AVref+(typical +5V). 
A set of 6 buffer registers (1Q-bit) store the conversion results of the 
proper analog input channel each. 


11 Special Function Registers (SFR) perform the user software 
interface to the ADC: a control SFR (ADCON), an analog port 
scan-select 
SFR (ADPSS), 8 input channel related conversion 


result SFR with the 8 lower result bits (ADRSLO...ADRSL7), one 
common result SFR for the upper 2 result bits (ADRSH). An extra 
SFR (P5) allows for reading digital input port data as an alternative 
function of the 6 analog input pins. 


In order to have a minimum of ADC service overhead in the 
microcontroller program, the ADC is able to operate autonomously 
within its user configurable autoscan function. 


The functional diagram of the ADC is shown in Figure 14. 


Feature Overview: 


• 1Q-bit resolution. 


• 6 multiplexed analog inputs. 


• Programmable autoscan of the analog inputs. 


• Bit oriented 8-bit scan-select 
register to select analog inputs. 


• Continuous scan or one time scan configurable from 1 to 8 analog 


inputs. 


• Start of a conversion by software or with an extemal signal. 


• Eight 1Q-bit buffer registers, one register for each analog input 


channel. 


• Interrupt request after one channel scan loop. 


• Programmable prescaler (dividing by 2, 4, 6, 8) to adapt to 


different system clock frequencies. 


• Conversion time for one AID conversion: 15 ILS ••• 50 ILS 


• Differential non-linearity 


• Integral non-iinearity 


• Offset error 


OLe ±1 LSB. 


ILe 
±2 LSB. 


OSe±2LSB. 


• Absolute voltage error 


• Channel to channel matching 


• Crosstalk between analog inputs 


• 
Monotonic and no missing codes. 


• 
Separated analog (AVoo, AVss) and digital (Voo, Vss) supply 
voltages. 


• 
Reference voltage at two special pins: AVREF- and AVREF+. 


SYMBOL 
NAME 
ACCESS 


ADCON 
AID control register 
readlwrite 


ADPSS 
Analog port scan-select 
register 
read/write 


ADRSLn 
8 AID result registers, the 8 lower bits (n: 0...7) 
read only 


ADRSH 
AID result register, the 2 higher bits 
read only 


P5 
, 
Digital input port (shared with analog inputs) 
read only 


AID Control Register ADCON 
The Special Function Register ADCON contains control and status 
bits for the AID Converter peripheral block. The reset value of 
ADCON is (OOOOOOOO). 
Its hardware address is D7H. ADCON is not 
bit addressable. 


SYMBOL 
BIT 
FUNCTION 


ADCON.7 
ADPR1 
Control bit for the prescaler. 


ADCON.6 
ADPRO 
Control bit for the prescaler. 
ADPR1 =0 ADPRO=O 
Prescaler divides by 2 (default by reset) 
ADPR1 =0 ADPRO=1 
Prescaler divides by 4 
ADPR1=1 ADPRO=O 
Prescaler divides by 6 
ADPR1=1 ADPRO=1 
Prescaler divides by 8 


ADCON.5 
ADPOS 
ADPOS is reserved for future use. Must be '0' if ADCON is written. 


ADCON.4 
ADINT 
ADC interrupt flag. This flag is set when all selected analog inputs are converted, as well in continuous scan 
as in one-time 
scan mode. An interrupt is invoked if this interrupt is enabled. ADINT must be cleared by 


software. It cannot be set by software. 


ADCON.3 
ADSST 
ADC start and status. Setting this bit by software or by hardware (via ADEXS input) starts the AID conversion 
of the selected analog inputs. ADSST stays a 'one' in continuous scan mode. in one-time scan mode, ADSST 
is cleared by hardware when the last selected analog input channel has been converted. As long as ADSST 
is '1', new start commands to the ADG-block 
are ignored. 
An AID conversion in progress is aborted if ADSST is cleared by software. 


ADCON.2 
ADCSA 
1 - 
Continuous scan of the selected analog inputs after a start of an AID conversion. 


0 
= 
One-time 
scan of the selected analog inputs after a start of an AID conversion. 


ADCON.1 
ADSRE 
1 - 
A rising edge at input ADEXS will start the AID conversion and generate a capture signal. 


0 
= 
A rising edge at input ADEXS has no effect. 


ADCON.O 
ADSFE 
1 
- 
A falling edge at input ADEXS will start the AID conversion and generate a capture signal. 


0 
= 
A falling edge at input ADEXS has no effect. 


AID Input Port Scan-Select 
Register 
ADPSS 


The Special Function Register ADPSS contains control bits to select 
the analog input channel(s) to be scanned for AID conversion. The 
reset value of ADPSS is (00000000). Its hardware address is E7H. 
ADPSS is not bit addressable. 


If all bits are 'a' then no AID conversion can be started. If ADPSS is 
written while an AID conversion is in progress (ADSST in the 
ADCON register is '1') then the autoscan loop with the previous 
selected analog inputs is completed first. The next autoscan loop is 
performed with the new selected analog inputs. 


AID Result Registers 
ADRSLn and ADRSH: 


The binary result code of AID conversions is accessed by these 
Special Function Registers. The result SFR are read only registers. 
The read value after reset is indeterminate. Their data are not 
affected by chip reset. They are not bit addressable. 


There are 8 Special Function Registers ADRSLn 
(ADRSLO...ADRSL7) - AID Result Low byte - and one general SFR 
ADRSH - AID Result High byte - . Each of ADRSLn is associated 
with the coincidently indexed analog input channel ADCn 
(ADCO/P5.0 ...ADC7/P5.7). Reading an ADRSLn register by 
software copies at the same time the two highest bits of the la-bit 
conversion result into two latches, thus preserving them until the 
next read of any ADRSLn register. These two latches form bit 
positions a and 1 of SFR ADRSH, the upper 6 bits of ADRSH are 
always read as '0'. 


Thus it is ensured to get the la-bit result of the same single AID 
conversion by reading any register ADRSLn first and after it the 
register ADRSH. 


Digital Input Port Register 
P5 
Port 5 Special Function Register P5 always represents the binary 
value of the logic level at input pins P5.0/ADCO...P5.7/ADC7. P5 is 
not affected by chip reset. P5 is a read only register. Its hardware 
address is C7H. P5 is not bit addressable. 


Reading Special Function Register P5 does not affect AID 
conversions. But it is recommended to use the digital input port 
function of the hardware Port 5 only as an alternative to analog input 
voltage conversions. Simultaneous mixed operation is discouraged 
for the sake of AID conversion result reliability and accuracy. 


For further information on Port 5, refer to the "liD facilities" section. 


For further information on AID Special Function Registers, refer to 
the "Internal Data Memory" section. 


Reset 
After a RESET of the microcontroller the ADCON and ADPSS 
register bits are initialized to zero. Registers ADRSLn and ADRSH 
are not initialized by a RESET. 


Idle and Power-down 
Mode 
The AID Converter is active only when the microcontroller 
is in 


normal operating mode. If the Idle or Power-down Mode is activated, 
then the ADC is switched off and put into a power saving idle state - 
a conversion in progress is aborted, a previously set ADSST flag is 
cleared and the internal clock is halted. The conversion result 
registers are not affected. 


The interrupt flag ADINT will not be set by activation of Idle or 
Power-down Mode. A previously set flag ADINT will not be cleared 
by the hardware. (Note: ADINT cannot be cleared by hardware at 
all, except for a RESET - it must be cleared by the user software.) 


After a wakeup from Idle or Power-down Mode a set flag ADINT 
indicates that at least one autoscan loop was finished completely 
before the microcontroller was put into the respective power 
reduction mode and it indicates that the stored result data may be 
fetched now - if desired. 


For further information on Idle and Power-down Mode, refer to the 
"Power reduction modes" section. 


a 
= The corresponding analog input is skipped in the auto-scan loop. 


1 
= The corresponding analog input is included in the auto-scan loop. 


o 


ADRSn.8 


Timing 
A programmable prescaler is controlled by the bits ADPR1 and 
ADPRO in register ADCON to adapt the conversion time for different 
microcontroller clock frequencies. 


Table 11 shows conversion times (tconv) for one AID conversion at 
some convenient system clock frequencies (fclk) and ADC prescaler 
divisors (m), which are user selectable by the bits ADCON.7/ADPR1 
and ADCON.6/ADPRO. 


For conversion times outside the limits for tconv the specified ADC 
characteristics are not guaranteed; (prohibited conversion times are 
pu1in brackets): 


Table 11. 
Conversion time configuration 


examples (tconv/liS) 


feLK 


m 
6MHz 
8 MHz 
12 MHz 
16 MHz 


2 
26 
19.5 
[13] 
[9.75] 


4 
50 
37.5 
25 
18.75 


6 
[74J 
[55.5] 
37 
27.75 


8 
[98J 
[73.5J 
49 
36.75 


Conversion time tconv = (6 m + 1) machine cycles 


A conversion time tconv consists of one sample time period (which 
equals two bit conversion times), 10 bit conversion time periods and 
one machine cycle to store the result. 


After result storage an extra initializing time period follows to select 
the next analog input channel (according to the contents of SFR 
ADPSS), before the input signal is sampled. 


Thus the time period between two adjacent conversions within an 
autoscan loop is larger than the pure time tconv. This autoscan cycle 
time is (7 m) machine cycles. 


At the start of an autoscan conversion the time between writing to 
SFR ADCON and the first analog input signal sampling depends on 
the current prescaler value (m) and the relative time offset between 
this write operation and the internal (divided) ADC clock. This gives 
a variation range for the NO conversion start time of ( m I 2 ) 
machine cycles. 


6.6.2 
Configuration 
and Operation 
Every NO conversion is an autoscan conversion. The two user 
selectable general operation modes are continuous scan and 
one-time 
scan mode. 


The desired analog inpu1 port channeVs for conversion is/are 
selected by programming AID input port scan-select 
bits in SFR 


ADPSS. An analog input channel is included in the autoscan loop if 
the corresponding 
bit in ADPSS is 1, a channel is skipped if the 
corresponding bit in ADPSS is O. 


An autoscan is always started according to the lowest bit position of 
ADPSS that contains a 1. 


An autoscan conversion is started by selting the flag ADSST in 
register ADCON either by software or by an external start signal at 
inpu1 pin ADEXS, if enabled. Either no edge (extemal start totally 
disabled), a rising edge orland a falling edge of ADEXS is selectable 
for external conversion start by the bits ADSRE and ADSFE in 
register ADCON. 


After completion of an NO conversion the 1o-bit result is stored in 
the corresponding 
1o-bit buffer register. Then the next analog input 


is selected according to the next higher set bit position in ADPSS, 
converted and stored, and so on. When the result of the last 
conversion of this autoscan loop is stored, flag ADCON.4/ADINT, 
the ADC interrupt flag, is set. It is not cleared by interrupt hardware 
- it must be cleared by software. 


In continuous scan mode (ADCON.21ADCSA=1) the ADC start and 
status flag ADCON.31ADSST retains the set state and the autoscan 
loop restarts from the beginning. In one-time 
scan mode 
(ADCSA=O) conversions stop after the last selected analog input 
was converted, ADINT is set and ADSST is cleared automatically. 


ADSST cannot be set (neither extemally nor by software) as long as 
ADINT =1, i.e. as long as ADINT is set, a new conversion start - by 
setting flag ADSST - is inhibited; actually it is only delayed until 
ADINT is cleared. 


(If a '1' is written to ADSST while ADINT =1, this new value is 
intemally latched and preserved, not setting ADSST until 
ADCON.4/ADINT =0. In this state, a read of SFR ADCON will display 
ADCON.31ADSST =0, because always the effective ADC status is 
read.) 


Note that under software control the analog inputs can also be 
converted in arbitrary order, when one-time 
scan mode is selected 


and in SFR ADPSS only one bit is set at a time. In this case ADINT 
is set and ADSST is cleared after every conversion. 


6.6.3 
Resolution 
and Characteristics 
The ADC system has its own analog supply pins AVDDand AVss. It 
is referenced by two special reference voltage input pins sourcing 
the resistance ladder of the DAC: AVref+and AV,el-' The voltage 
between AVREF+and AVREF- defines the full-scale 
range. Due to 


the 1o-bit resolution the full scale range is divided into 1024 unit 
steps. The unit step voltage is 1 LSB, which is typically 5 mV (AV,ef+ 
= 5.12 V, AV,ef_= 0 V = AVss). 


The DAC's resistance ladder has 1023 equally spaced taps, 
separated by a unit resistance 'R'. The first tap is located 0.5 x R 
above AV,ef_, the last tap is located 1.5 x R below AV,ef+. This 
results in a total ladder resistance of 1024 x R. This structure 
ensures that the DAC is monotonic and results in a symmetrical 
quantization error. For input voltages between AVref_and (AV,ef_+ 
1/2 LSB) the 1o-bit conversion result code will be 00 0000 0000 B = 
OOOH= 00. For input voltages between (AV,ef+- 3/2 LSB) and 
AVref+the 1o-bit conversion result code will be 11 1111 1111 B = 
3FFH = 10230. 


The result code corresponding to an analog input voltage (AVin) can 
be calculated from the formula: 


Result Code = 1024 x 
AV1N 
- 
AVREF_ 


AVREF+ - AVREF_ 


The analog input voltage should be stable when it is sampled for 
conversion. At any times the input voltage slew rate must be less 
than 10 V/ms (5 V conversion range) in order to prevent an 
undefined result. 


This maximum input voltage slew rate can be ensured by an RC low 
pass filter with R = 2k2 and C = 100 nF. The capacitor between 
analog input pin and analog ground pin shall be placed close to the 
pins in order to have maximum effect in minimizing input noise 
coupling. 


6.7 
Timer I Counters 
The P8xCE559 contains three 16-bit timer/event counters: Timer 0, 
Timer 1 and Timer T2 and one 8-bit timer, T3. Timer 0 and Timer 1 
may be programmed to carry out the following functions: 


• Measure time intervals and pulse durations 


• Count events 


• Generate interrupt requests 


6.7.1 
Timer 0 and Timer 1 
Timers 0 and 1 each have a control bit in SFR TMOD that selects 
the timer or counter function of the corresponding timer. 


In the timer function, the register is incremented every machine 
cycle. Thus, one can think of it as counting machine cycles. Since a 
machine cycle consists of 12 oscillator periods, the count rate is 
1/12 of the oscillator frequency. 


In the counter function, the register is incremented in response to a 
1-to-O transition at the corresponding external input pin, TO or T1. In 
this function, the external input is sampled during S5P2 of every 
machine cycle. When the samples show a HIGH in one cycle and a 
LOW in the next cycle, the counter is incremented. Thus, it takes 
two machine cycles (24 oscillator periods) to recognize a 1-10-0 
transition. There are no restrictions on the duty cycle of the extemal 
input signal, but to insure that a given level is sampled at least once 
before it changes, it should be held for at least one full machine 
cycle. 


Timer 0 and Timer 1 can be programmed independently to operate 
in one of four modes: 


• Mode 0: 
8-bit timer or 8-bit counter each with divide-by-32 
prescaler 


• Mode 1: 
16-bit time-interval or event counter 


• Mode 2: 
8-bit time-interval or event counter with automatic 


reload upon overflow 


• Mode 3: 
-Timer 0: one 8-bit time-interval or event counter 


and one 8-bit time-interval counter 


-Timer 1: stopped 


When Timer 0 is in Mode 3, Timer 1 can be programmed to operate 
in Modes 0, 1 or 2 but cannot set an interrupt request flag or 
generate an interrupt. However the overflow from Timer 1 can be 
used to pulse the serial port baud-rate generator. 


With a 16 MHz crystal, the counting frequency of these 
timer/counters is as follows: 


• In the timer function, the timer is incremented at a frequency of 


1.33 MHz - a division by 12 of the system clock frequency 


• 0 Hz to an upper limit of 0.66 MHz (1/24 of the system clock 


frequency) when programmed for extemal inputs 


Both internal and external inputs can be gated to the counter by a 
second external source for directly measuring pulse durations. 


When configured as a counter, the register is incremented on every 
falling edge on the corresponding 
input pin, TO or T1. The 


incremented register value can be read earliest during the second 
machine cycle after that one, during which the incrementing pulse 
occurred. 


The counters are started and stopped under software control. Each 
one sets its interrupt request flag when it overflows from all HIGHs 
to all LOWs (or automatic reload value), with the exception of mode 
3 as previously described. 


SYMBOL 
BIT 
FUNCTION 


Gate 
TMOD.7 
Gating control when set. .Timer/Counter "x" is enabled only while "lfiITX" 
pin is high and "TRx" control pin is set. 


TMOD.3 
When cleared Timer "x" IS enabled whenever "TRx" control bit is set. 


CIT 
TMOD.6 
Timer or Counter Selector cleared lor Timer operation (input from internal system clock). Set for Counter 


TMOD.2 
operation (input from ''Ix" input pin). 


M1 
TMOD.5 
Timer 0, Timer 1 mode select see Table 13. 


TMOD.1 
MO 
TMOD.4 
TMOD.O 


M1 
MO 
OPERATING 


0 
0 
8048 Timer "TLx" serves as 5-bit prescaler. 


0 
1 
16-bit Timer/Counter "THx" and "Tlx" are cascaded; there is no prescaler. 


1 
0 
8-bit auto-reload Timer/Counter "THx" holds a value which is to be reloaded into "TLx" each time it overflows. 


1 
1 
(Timer 0) TlO is an 8-bit Timer/Counter controlled by the standard Timer 0 control bits. THO is an 8-bit timer 
only controlled by Timer 1 control bits. 


1 
1 
(Timer 1) Timer/Counter 
1 stopped. 


SYMBOL 
BIT 
FUNCTION 


TF1 
TCON.? 
Tomer 1 overflow flag. Set by hardware on Tomer/Counter overflow. Cleared by hardware when processor 
vectors to interrupt routine. 


TR1 
TCON.6 
Tomer 1 run control bit. SeVcleared by software to tum Tomer/Counter on/off. 


TFO 
TCON.S 
Tomer 0 overflow flag. Set by hardware on Tomer/Counter overflow. Cleared by hardware when processor 
vectors to interrupt routine. 


TRO 
TCON.4 
Tomer 0 run control bit. SeVcleared by software to tum Tomer/Counter on/off. 


IE1 
TCON.3 
Interrupt 1 edge flag. Set by hardware when extemal 
interrupt edge detected. 
Cleared when interrupt 
processed. 


IT1 
TCON.2 
Interrupt 1type control bit. SeVcleared by software to specify falling edgellow level triggered extemal interrupts. 


IEO 
TCON.1 
Interrupt 0 edge flag. Set by hardware when extemal 
interrupt edge detected. 
Cleared when interrupt 


processed. 


ITO 
TCON.O 
Interrupt 0 type control bit. SeVcleared by software to specify falling edgellow level triggered extemal interrupts. 


6.7.2 
Timer T2 
Timer T2 is a 16 bit timer/counter which has capture and compare 
facilities. The operational diagram is shown in Figure 21. 


The 16 bit timer/counter is clocked via a prescaler with a 
programmable division factor of 1, 2, 4 or 8. The input of the 
prescaler is clocked with 1/12 of the clock frequency, or by an 
eldemal source connected to the T2 input, or it is switched off. The 
maximum repetition rate of the eldernal clock source is fCLK/12, 
twice that of Timer 0 and Timer 1. The prescaler is incremented on a 
rising edge. It is cleared if its division factor or its input source is 
changed, or if the timer/counter is reset (see also Figure 22: 
TM2CON). T2 is readable 'on the fly'. without any eldra read 
latches; this means that software precautions have to be taken 
against misinterpretation 
at overflow from least to most significant 


off 


fCLK 


T2 


RT2 


J 
T2ER 


External 
reset 
enable 


S 
R 
P4.0 


S 
R 
P4.1 


S 
R 
P4.2 
va port 
4 
s 
R 
P4.3 


S 
R 
P4.4 


S 
R 
P4.5 


TG 
T 
P4.6 


TG 
T 
P4.7 


STE 
RTE 


byte while T2 is being read. T2 is notloadable 
and is reset by the 


RST signal or at the positive edge of the input signal RT2, if 
enabled. In the Idle or Power-down Mode the timer/counter and 
prescaler are reset and halted. 


T2 is connected to four 16-bit Capture Registers: CTO, CT1, CT2 
and CT3. A rising or falling edge on the inputs CTOI, CT11, CT21 or 
CT31 (alternative function of Port 1) results in loading the contents of 
T2 into the respective Capture Registers and an interrupt request. 


Using the Capture Register CTCON (see Figure 23), these inputs 
may invoke capture and interrupt request on a positive, a negative 
edge or on both edges. If neither a positive nor a negative edge is 
selected for capture input, no capture or interrupt request can be 
generated by this input. 


8-blt overflow 
Interrupt 


16-blt overflow Interrupt 


S 
= set 


R 
= reset 


T 
= toggle 


TG = toggle 
status 


SYMBOL 
BIT 
FUNCTION 


T21S1 
TM2CON.7 
Timer T2 16-bit overflow interrupt select 


T21S0 
TM2CON.6 
Timer T2 byte overflow interrupt select 


T2ER 
TM2CON.5 
Timer T2 extemal reset enable. When this bit is set, Timer T2 may be reset by a rising edge on RT2 (P1.5). 


T2BO 
TM2CON.4 
Timer T2 byte overflow interrupt flag 


T2Pl 
TM2CON.3 
Timer T2 prescaler select 


T2PO 
TM2CON.2 


T2MSl 
TM2CON.1 
Timer T2 mode select 


T2MSO 
TM2CON.O 


T2P1 
T2PO 
TIMER T2 CLOCK 


0 
0 
Clock source 


0 
1 
Clock source/2 


1 
0 
Clock source/4 


1 
1 
Clock source/B 


T2MS1 
T2MSO 
MODE SELECTED 


0 
0 
Timer T2 halted (off) 


0 
1 
T2 clock source = fCLK/12 


1 
0 
Test mode; do not use 


1 
1 
T2 clock source = pin T2 


SYMBOL 
BIT 
FUNCTION 


CTN3 
CTCON.7 
Capture Register 3 triggered by a falling edge on CT31 


CTP3 
CTCON.6 
Capture Register 3 triggered by a rising edge on CT31 


CTN2 
CTCON.5 
Capture Register 2 triggered by a falling edge on CT21 


CTP2 
CTCON.4 
Capture Register 2 triggered by a rising edge on CT21 


CTNl 
CTCON.3 
Capture Register 1 triggered by a falling edge on cnl 


CTPl 
CTCON.2 
Capture Register 1 triggered by a rising edge on CTll 


CTNO 
CTCON.l 
Capture Register 0 triggered by a falling edge on CTOI 


CTPO 
CTCON.O 
Capture Register 0 triggered by a rising edge on CTOI 


The contents of the Compare Registers CMO, CM1 and CM2 are 
continuously compared with the counter vaiue of Timer T2. When a 
match occurs, an interrupt may be invoked. A match of CMO sets 
the bits 0-5 of Port 4, a CM1 match resets these bits and a CM2 


match toggles bits 6 and 7 of Port 4, provided these functions are 
enabled by the STE respectively RTE registers. A match of CMO 
and CM1 at the same time results in reselling bits 0-5 of Port 4. 
CMO, ,CM1 and CM2 are reset by the RSTIN signal. 


SYMBOL 
BIT 
FUNCTION 


T20V 
TM2IR.7 
Timer T2 16-bit overllow interrupt flag 


CMI2 
TM21R.6 
CM2 interrupt flag 


CMI1 
TM21R.5 
CM1 interrupt flag 


CMIO 
TM21R.4 
CMO interrupt flag 


CTI3 
TM21R.3 
CT3 interrupt flag 


CTI2 
TM2IR.2 
CT2 interrupt flag 


CTI1 
TM2IR.1 
CT1 interrupt flag 


CTIO 
TM2IR.O 
CTO interrupt flag 
1 


SYMBOL 
BIT 
FUNCTION 


TG47 
STE.7 
If "1" then P4.7 is reset on the next toggle, if LOW P4.7 is set on the next toggle 


TG46 
STE.6 
1f"1" then P4.6 is reset on the next toggle, if LOW P4.6 is set on the next toggle 


SP45 
STE.5 
If "1" then P4.5 is set on a match between CMO and Timer T2 


SP44 
STE.4 
If "1" then P4.4 is set on a match between CMO and Timer T2 


SP43 
STE.3 
If "1" then P4.3 is set on a match between CMO and Timer T2 


SP42 
STE.2 
If "1" then P4.2 is set on a match between CMO and Timer T2 


SP41 
STE.1 
If "1" then P4.1 is set on a match between CMO and Timer T2 


SP40 
STE.O 
If "1" then P4.0 is set on a match between CMO and Timer T2 


SYMBOL 
BIT 
FUNCTION 


TP4? 
RTE.? 
If "1" then P4.? toggles on a match between CM2 and Timer T2 


TP46 
RTE.6 
If "1" then P4.6 toggles on a match between CM2 and Timer T2 


RP45 
RTE.5 
If "1" then P4.5 toggles on a match between CM1 and Timer T2 


RP44 
RTE.4 
If "1" then P4.4 toggles on a match between CM1 and Timer T2 


RP43 
RTE.3 
If "1" then P4.3 toggles on a match between CM1 and Timer T2 


RP42 
RTE.2 
1f"1" then P4.2 toggles on a match between CM1 and Timer T2 


RP41 
RTE.1 
1f"1" then P4.1 toggles on a match between CM1 and Timer T2 


RP40 
RTE.O 
If "1" then P4.0 toggles on a match between CM1 and Timer T2 


For more information conceming the TM2CON, CTCON, TM21R and 
the STE/RTE registers see IC20 handbook, chapter "SOC51family 
hardware description". 


Port 4 can be read and written by software without affecting the 
toggle, set and reset signals. At a byte overflow of the least 
significant byte, or at a 16-bit overflow of the timer/counter, an 
interrupt sharing the same interrupt vector is requested. Either one 
or both of these overflows can be programmed to request an 
intenrupt. 


All intenrupt flags must be reset by software. 


Prescaler 
(ll-bit) 
TimerT3 
(S-bit) 


LOAD 
LOADEN 


6.8 
Watchdog 
Timer T3 


In addition to Timer T2 and the standard timers, a watchdog timer 
(T3) consisting of an ll--bit 
prescaler and an B-bit timer is also 


incorporated (see Figure 27). The timer is incremented every 
1.5 ms, derived from the system clock frequency of 16 MHz by the 
following: 


fcU< 
fTIMER= 12 x 2048 


When a timer overflow occurs, the microcontroller 
is reset and a 


reset output pulse is generated at pin RSTOUT. Also the PLL control 
register is reset. 


To prevent a system reset the timer must be reloaded in time by the 
application software. If the processor suffers a hardware/software 
malfunction, the software will fail to reload the timer. This failure will 
produce a reset upon overflow thus preventing the processor 
running out of control. 


The watchdog timer can only be reloaded if the condition flag 
WLE = PCON.4 has been previously set by software. 


At the moment the counter is loaded the condition flag is 
automatically cleared. 


The time interval between the timer's reloading and the occurrence 
of a reset depends on the reloaded value. For example, this may 
range from 1.5 ms to 0.375 s when using an oscillator frequency of 
16MHz. 


In the Idle state the watchdog timer and reset circuitry remain active. 


The watchdog timer is controlled by the watchdog enable pin (EW). 
A LOW level enables the watchdog timer and disables the 
Power--<lown Mode. A HIGH level disables the watchdog timer and 
enables the Power--<lown Mode. 


6.9 
Serial va 


The PBxCE559 is equipped with two independent serial ports: 5100 
and 5101. 5100 is the full duplex UART port, identical to the 
PCBBOC51 serial port. 5101 is an 12e-bus serial I/O interface with 
byte oriented master and slave functions. 


6.9.1 
5100 (UART) 


510 0 is a full duplex serial I/O port - it can transmit and receive 
simultaneously. This serial port is also receive-buffered. 
It can 


commence reception of a second byte before the previously 
received byte has been read from the receive register. If, however, 
the first byte has still not been read by the time reception of the 


second byte is complete, one of the bytes will be lost. The 5100 
receive and transmit registers are both accessed via the SOBUF 
special function register. Writing to SOBUF loads the transmit 
register, and reading SOBUF accesses to a physically separate 
receive register. 5100 can operate in 4 modes: 


Mode 0: 
Serial data is transmitted and received through RXD. TXD 
outputs the shift clock. B data bits are transmitted/received 
(LSB first). The baud rate is fixed at 1/12 of the oscillator 
frequency. A write into SOGON should be avoided during a 
transmission to avoid spikes on RXDITXD. 


Mode 1: 
10 bits are transmitted via TXD or received through RXD: 
a start bit (0), B data bits (LSB first), and a stop bit(l). 
On 


receive, the stop bit is put into RBB (SOCON special 
function register). The baud rate is variable. 


Mode 2: 
11 bits are transmitted through TXD or received through 
RXD: a start bit (0), B data bits (LSB first), a 
programmable 9th data bit, and a stop bit (1). On transmit, 
the 9th data bit (TBB in SOCON) can be assigned the 
value of 0 or 1. With nominal software, TBB can be the 
parity bit (P in PSW). During a receive, the 9th data bit is 
stored in RBB (SOGON), and the stop bit is ignored. The 
baud rate is programmable to either 1/32 or 1/64 of the 
oscillator frequency. 


Mode 3: 
11 bits are transmitted through TXD or received through 
RXD: a start bit (0), B data bits (LSB first), a 
programmable 9th data bit, and a stop bit (1). Mode 3 is 
the same as Mode 2 except the baud rate which is 
variable in Mode 3. 


In all four modes, transmission is initiated by any instruction that 
writes to the SOBUF function register. Reception is initiated in Mode 
o when RI = 0 and REN = 1. In the other three modes, reception is 
initiated by the incoming start bit provided that REN = 1. 


Modes 2 and 3 are provided for multiprocessor communications. 
In 


these modes, 9 data bits are received with the 9th bit written to RBB. 
The 9th bit is followed by the stop bit. The port can be programmed 
so that with receiving the stop bit, the serial port interrupt will be 
activated if, and only if RBB = 1. 


This feature is enabled by setting bit 5M2 in SOCON. This feature 
may be used in multiprocessor systems. 


For more information about how to use the UART in combination 
with the registers SOCON, PCON, IENO, SOBUF and Timer register 
refer to the BOC51 Data Handbook IG20. 


SYMBOL 
BIT 
FUNCTION 


SMO 
SOCON.? 
This bit is used to select the serial port mode. See Table 23 


SM1 
SOCON.6 
This bit is used to select the serial port mode. See Table 23 


SM2 
SOCON.S 
Enables the multiprocessor communication feature in modes 2 and 3. In mode 2 or 3, if SM2 is set to 
1, then RI will not be activated if the received 9th data bit (RB8) is O.In mode 1, if SM2 = 1, then RI will 
not be activated if a valid stop bit was not received. In mode 0, SM2 should be O. 


REN 
SOCONA 
Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


TB8 
SOCON.3 
The 9th data bit that will be transmitted in modes 2 and 3. Set or clear by software as desired. 


RB8 
SOCON.2 
In modes 2 and 3, RB8 is the 9th data bit that was received. In mode 1, if 
SM2 = 0, RB8 is the stop bit that was received. In mode 0, RB8 is not used. 


TI 
SOCON.1 
The transmit interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or at the beginning 
of the stop bit in the other modes, in any serial transmission. Must be cleared by software. 


RI 
SOCON.O 
The receive interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or halfway through 
the stop bit time in the other modes, in any serial reception (except see SM2). Must be cleared by 
software. 


SMO 
SM1 
MODE 
DESCRIPTION 
BAUD RATE 


0 
0 
0 
Shift register 
fCLK/12 


0 
1 
1 
8-bitUART 
variable 


1 
0 
2 
9-bitUART 
fCLK/64 or fCLK/32 


1 
1 
3 
9-bitUART 
variable 


6.9.2 
5101 (12C-bus Interface) 
The SI01 of the PBxCE559 provides the fast-mode, 
which allows a 
fourthfold increase of the bitrate up to 400 kHz. Nevertheless it is 
downward compatible, I.e. it can be used in a 0 to 100 KbiVs 12Cbus 
system. 


Except from the bit rate selection (see Table 25) and the timing of 
the SCL and SDA signals (see AC electrical characteristics 
in 
section 11) the SIO circuit is the same as described in detail in the 
BOC51 Data Handbook IC20 for the BxC552 microcontroller. 


The 12G-bus is a simple bidirectional 2-wire bus for efficient inter-IC 
data exchange. Features of the 12G-bus are: 


• Only two bus lines are required: a serial clock line (SCL) and a 


serial data line (SDA) 


• Each device connected to the bus is software addressable by a 


unique address 


• Masters can operate as Master-transmitter 
or as Master-receiver 


• It's a true multi-master 
bus including collision detection and 


arbitration to prevent data corruption if two or more masters 
simultaneously 
initiate data transfer 


• Serial clock synchronization 
allows devices with different bit rates 


to communicate via the same serial bus 


• ICs can be added to or removed from an 12G-bus system without 


affecting any other circuit on the bus 


• Fault diagnostics and debugging are simple; malfunctions can be 
immedia1ely traced 


For more information on the 12G-bus specification (including 
fast-mode) 
please refer to the Philips publication number 939B 393 


40011 and/or the BOC51 Data Handbook IC20. 


S1ADR 
7 


The on-<:hip 
12C logic provides a serial interface that meets the 


12G-bus specification, supporting all 12G-bus modes of operation, 
they are: 


• Master transmitter 


The SI01 logic performs a byte oriented data transport, clock 
generation, address recognition and bus control arbitration are all 
controlled by hardware. Via two pins the external 12G-bus is 
interfaced to the SI01 logic: SCL serial clock I/O and SDA serial 
data I/O, (see Special Function Register bit S1CON.6lENS1 
for 


enabling the SI01 logic). 


The SI01 logic handles byte transfer autonomously. 
It keeps track of 
the serial transfers, and a status register (S1STA) reflects the status 
of SI01 and the 12e-bus. 


Via the following four Special Function Registers the CPU interfaces 
to the 12Clogic. 


S1CON 
control register. Bit addressable by the CPU 


S1STA 
status register whose contents may be used as a vector to 
service routines. 


S1DAT 
data shift register. The data byte is stable as long as 
S1CON.31SI=1. 


S1ADR 
slave address register. It's LSB enables! disables general 
call address recognition. 


The Control Register, S1CON 
The CPU can read from and write to this 8-bit, directly addressable 
SFR. Two bits are affected by the SI01 hardware: the SI bit is set 
when a serial interrupt is requested, and the STO bit is cleared when 
a STOP condition is present on the 12C bus. The STO bit is also 
cleared when ENS1 = O. 


SYMBOL 
BIT 
FUNCTION 


CR2 
SlCON.7 
Clock rate bit 2, see Table 25. 


ENS1 
SlCON.6 
ENS1 =0: 
Serial I/O 
disabled and reset. SDA and SCL outputs are high-Z. 


ENS1 = 1: 
Serial I/O 
enabled. 


STA 
SlCON.5 
START flag. When this bit is set in slave mode, the hardware checks the 12Cbus and generates a START 
condition if the bus is free or after the bus becomes free. If the device operates in master mode it will 
generate a repeated START condition. 


STO 
SlCON.4 
STOP flag. If this bit is set in a master mode a STOP condition is generated. A STOP condition detected on 
the 12Cbus clears this bit. This bit may also be set in slave mode in order to recover from an error 
condition. In this case no STOP condition is generated to the 12Cbus, but the hardware releases the SDA 
and SCL lines and switches to the not selected receiver mode. The STOP flag is cleared by the hardware. 


SI 
SlCON.3 
Serial Interrupt flag. This flag is set, and an interrupt request is generated, after any of the following events 
occur: 


- A START condition is generated in master mode. 
- The own slave address has been received during AA = 1. 
- The general call address has been received while SlADR.O and AA = 1. 
- A data byte has been received or transmitted in master mode (even if arbitration is lost). 
- A data byte has been received or transmitted as selected slave. 
- A STOP or START condition is received as selected slave receiver or transmitter. 
While the SI flag is set, SCL remains LOW and the serial transfer is su- spended. SI must be reset by software. 


AA 
SlCON.2 
Assert Acknowledge 
flag. When this bit is set, an acknowledge 
is retumed after anyone 
of the following 
conditions: 


- Own slave address is received. 
- General call address is received (SlADR.O = 1). 
- A data byte is received, while the device is programmed to be a master receiver. 
- A data byte is received. while the device is a selected slave receiver. 


When the bit is reset, no acknowledge 
is retumed. Consequently, 
no interrupt is requested when the own 
address or general call address is received. 


CR1 
SlCON.1 
Clock rate bits 1 and 0, see Table 25. 
CRO 
SlCON.O 


When SI01 is in a master mode serial clock frequency is 
determined by the clock rate bits CR2, CR1 and CRO. The various 
bit rates are shown in Table 25. 


The data shown in Table 25 do not apply to SI01 in a slave mode. In 
the slave modes, SI01 will automatically 
synchronize with any clock 


frequency up to 400kHz. 


BIT RATE (kHz) at fClK 


CR2 
CR1 
CRO 
12MHz 
16MHz 


1 
0 
0 
50 
66.7 


1 
0 
1 
3.75 
5 


1 
1 
0 
75 
100 


1 
1 
1 
100 
- 


0 
0 
0 
2001) 
266.71) 


0 
0 
1 
7.5 
10 


0 
1 
0 
3001) 
4001) 


0 
1 
1 
4001) 
- 


Serial status 
register 
S1STA 
S1STA is a read only register. 


The contents of the status register may be used as a vector to a 
service routine. This optimizes the response time of the software 
and consequently that of the 
12G-bus. 


BIT 
FUNCTION 


S1STA.7t03 
5-bit status code 


S1STA.2toO 
These bits are held LOW (for service routine vector increment 8) 


S1STAVALUE 
DESCRIPTION 


08H 
A START condition has been transmitted 


10H 
A repeated START condition has been transmitted 


18H 
SLA and W have been transmitted, ACK has been received 


20H 
SLA and W have been transmitted, l\CK received 


28H 
DATA and S1DAT has been transmitted, ACK received 


30H 
DATA and S1DAT has been transmitted,l\CK 
received 


38H 
Arbitration lost in SLA, RIW or DATA 


S1STAVALUE 
DESCRIPTION 


38H 
Arbitration lost while returning ~ 


40H 
SLA and R have been transmitted, ACK received 


48H 
SLA and R have been transmitted, ~ 
received 


SOH 
DATA has been received, ACK returned 


S8H 
DATA has been received, ~ 
returned 


S1STAVALUE 
DESCRIPTION 


SOH 
Own SLA and W have been received, ACK returned 


68H 
Arbitration lost in SLA, ANI as MST. Own SLA and W have been received, ~ 
returned 


70H 
General CALL has been received, ACK returned 


78H 
Arbitration lost in SLA, ANI as MST. General call has been received 


8_0H 
Previously addressed with own SLA. DATA byte received, ACK returned 


88H 
Previously addressed with own SLA. DATA byte received, ~ 
returned 


90H 
Previously addressed with general call. DATA byte has been received, ACK has been returned 


98H 
Previously addressed with general call. DATA byte has been received, ~ 
has been returned 


AOH 
A STOP condition or repeated START condition has been received while still addressed as SLV/REC or SLVITRX 


S1STAVALUE 
DESCRIPTION 


A8H 
Own SLA and R have been received, ACK returned 


BOH 
Arbitration lost in SLA, ANI as MST. Own SLA and R have been received, ACK returned 


B8H 
DATA byte has been transmitted, ACK returned 


COH 
DATA byte has been transmitted, ~ 
returned 


C8H 
Last DATA byte has been transmitted (AA = logic 0), ACK received 


S1STAVALUE 
DESCRIPTION 


DOH 
Bus error duMng MST mode or selected SLY mode, due to an erroneous START or STOP condition 


F8H 
No relevant information available, SI not set 


Abbreviations used: 
SLA 
7-bit slave address 
R 
Read bit 


W 
WMtebit 
ACK 
Acknowledgement 
(acknowledge bit = 0) 
~ 
Not acknowledgement 
(acknowledge M = 1) 
DATA 
8-bit data byte to or from 12C-bus 
MST 
Master 
SLY 
Slave 
TRX 
Transmitter 
REC 
Receiver 


The data shift register 
S10AT 
This register contains the serial data to be transmitted or data which 
has been received. Bit 7 is transmitted or received first; I.e. data is 
shifted from right to left. 


The address 
register 
S1AOR 
This B-bit register may be loaded with the 7-bit slave address to 
which the controller will respond when programmed as a slave 
receiver/transmitter. 
The LSB {GC} is used to determine whether the 


general call address is recognized. 


SYMBOL 
BIT 
FUNCTION 


SLA6to 
0 
S1ADR.7t01 
Own slave address 


GC 
S1ADR.O 
o = general call address is not recognized 
1 = general call address is recognized 
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Figure 34. 
The interrupt 
system. 


6.10 
Interrupt System 
Extemal events and the real-time-<lriven 
on-chip 
peripherals 


require service by the CPU asynchronously to the execution of any 
particular section of code. To tie the asynchronous activities of these 
functions to normal program execution a multiple-source, 
two-priority-Ievel, 
nested interrupt system is provided. Interrupt 
response time in a single--interrupt system is in the range from 
2.25us to 6.75 us when using a 16 MHz crystal. The latency time 
depends on the sequence of instructions executed directly after an 
interrupt request. 


The P8xCE559 acknowledges interrupt requests from 15 sources as 
follows (see Figure 34): 


• 
TIiI'rn andTlilTf 
extemal interrupts 


• TImer 0 and TImer 1 intemal timer/counter interrupts 


• TImer 2 intemal timer/counter byte and/or 16--bit overflow, 
3 compare and 4 capture interrupts (or 4 additional external 
interrupts) (1) 


• 
UART serial I/O port receiveltransmit 
interrupt 


• 
12e-bus 
interface serial I/O interrupt 


• ADC autoscan completion interrupt 


• 'Seconds' timer interrupt SEC (ored with ll'lTf). 
For details about seconds timer interrupts, please refer to 
chapter 6.13.4 


The External Interrupts TIiI'rn and TIIlTl can each be either 
level-activated 
or transition-activated, 
depending on bits ITOand 
ITl in register TCON. The flags that actually generate these 
interrupts are bits IEO and IEl in TCON. When an extemal interrupt 
is generated, the corresponding 
request flag is cleared by the 
hardware when the service routine is vectored to only if the interrupt 
was transition-activated. 
If the interrupt was level-activated 
then the 
interrupt request flag remains set until the extemal interrupt pin JI\IIx 
goes high. Consequently the external source has to hold the request 
active until the requested interrupt is actually generated. Then it has 
to deactivate the request before the interrupt service routine is 
completed, or else another interrupt will be generated. As these 
external interrupts are active LOW a "wire-ORing" 
of several 


interrupt sources to one input pin allows expansion. 


The TImer 0 and TImer 1 Interrupts are generated by TFO and TF1, 
which are set by a rollover in their respective timer/counter 
register 


(except for TImer 0 in Mode 3 of the serial interface). When a TImer 
interrupt is generated, the flag that generated it is cleared by the 
on-chip hardware when the service routine is vectored to. 


The eight TImer/Counter T2 Interrupt sources are: 4 capture 
Interrupts (1), 3 compare interrupts and an overflow interrupt. The 
appropriate interrupt request flags must be cleared by software. 


The UART Serial Port Interrupt is generated by the logical OR of RI 
and TI. Neither of these flags is cleared by hardware. The service 
routine will normally have to determine whether it was RI or TI that 
generated the interrupt, and the bit will have to be cleared by 
software. 


The 12CInterrupt is generated by bit SI in register Sl CON. This flag 
has to be cleared by software. 


The ADC Interrupt is generated by bit ADINT, which is set when of 
all selected analog inputs to be scanned, the conversion is finished. 
ADINT must be cleared by software. It cannot be set by software. 


The 'Seconds' timer Interrupt is generated by bit SECINT in register 
PLLCON. This flag has to be cleared by software. Note that the 
'Seconds' timer can only be used with the 32 kHz PLL oscillator. 


All of the bits that generate interrupts can be set or cleared by 
software, with the same result as though it had been set or cleared 
by hardware (except the ADC interrupt request flag ADINT, which 
cannot be set by software). That is, interrupts can be generated or 
pending interrupts can be cancelled in software. 


The Interrupts XO, TO, Xl, Tl, SEC, SO and Sl are capable to 
terminate the Idle Mode. 


Interrupt 
Enable Registers 
Each interrupt source can be individually enabled or disabled by 
setting or clearing a bit in the interrupt enable special function 
registers IENO and IEN1. All interrupt sources can also be globally 
disabled by clearing bit EA in IENO. The interrupt enable registers 
are described in Figures 35 and 36. 


Interrupt 
Priority 
Structure 
Each interrupt source can be assigned one of two priority levels. 
Interrupt priority levels are defined by the interrupt priority special 
function registers IPOand IP1. IPO and IPl are described in 
Figures 37 and 38. 


Interrupt priority levels are as follows: 
·O"-low 
priority 
"1"-high 
priority 


A low priority interrupt may be interrupted by a high priority interrupt. 
A high priority interrupt cannot be interrupted by any other interrupt 
source. If two requests of different priority occur simullaneously, 
the 


high priority level request is serviced. If requests of the same priority 
are received simultaneously, an internal polling sequence 
determines which request is serviced. Thus, within each priority 
level, there is a second priority structure determined by the polling 
sequence. This second priority structure is shown in Table 37. 


Interrupt 
Handling 
The interrupt sources are sampled at S5P2 of every machine cycle. 
The samples are polled during the following machine cycle. If one of 
the flags was in a set condition at S5P2 of the previous machine 
cycle, the polling cycle will find it and the interrupt system will 
generate an LCALL to the appropriate service routine, provided this 
hardware- generated LCALL is not blocked by any of the following 
conditions: 
1.. An interrupt of higher or equal priority level is already in 


progress. 


2.. The current machine cycle is not the final cycle in the execution 


of the instruction in progress. (No interrupt request will be 
serviced until the instruction in progress is completed.) 


3.. The instruction in progress is RETI or any access to the interrupt 


priority or interrupt enable registers. (No interrupt will be serviced 
after RETI or after a read or write to IPO, IP1, lEO, or IEl until at 
least one other instruction has been subsequently executed.) 


1. 
If a capture register is unused and ifs contents is of no interest, then the corresponding input pin CTnl/Pl.n 
(n: 0...3) may be used as a (configurable) positive and/or negative edge triggered additional extemal interrupt input (INT2 
INT3, INT4, INT5). 
' 


The polling cycle is repeated with every machine cycle, and the 
values polled are the values present at S5P2 of the previous 
machine cycle. Note that if an interrupt flag is active but is not being 
responded to because of one of the above conditions, and if the flag 
is inactive when the blocking condition is removed, then the blocked 
interrupt will not be serviced. Thus, the fact that the interrupt flag 
was once active but not serviced is not remembered. Every polling 
cycle is new. 


The processor acknowledges an interrupt request by executing a 
hardware-generated 
LCALL to the appropriate service routine. In 
some cases it also clears the flag which generated the interrupt, and 
in others it does not. It clears the Timer 0, Timer 1, and external 


interrupt flags. An extemal interrupt flag (IEO or IE1) is cleared only n 
it was transition-activated. 
All other interrupt flags are not cleared by 
hardware and must be cleared by the software. The LCALL pushes 
the contents of the program counter on to the stack (but it does not 
save the PSW) and reloads the PC with an address that depends on 
the source of the interrupt being vectored to as shown in Table 38. 


Execution proceeds from the vector address until the RETI 
instruction is encountered. The RETI instruction clears the ·priority 
level active· flip-flop that was set when this interrupt was 
acknowledged. 
It then pops the top two bytes from the stack and 
reloads the program counter. Execution of the in- terrupted program 
continues from where it was interrupted. 


SYMBOL 
BIT 
FUNCTION 


EA 
IENO.7 
Global enable/disable control 
0= 
No interrupt is enabled 
1 = 
Any individually enabled interrupt will be accepted 


EAD 
IENO.6 
Enable ADC interrupt 


ES1 
IENO.5 
Enable SI01 (12C)interrupt 


ESO 
IENO.4 
Enable SIOO (UART) interrupt 


En 
IENO.3 
Enable Timer 1 interrupt 


EX1 
IENO.2 
Enable Extemal interrupt 1 / Seconds interrupt 


ETO 
IENO.1 
Enable Timer 0 interrupt 


EXO 
IENO.O 
Enable Extemal interrupt 0 


7 
6 
5 
4 
3 
2 
1 
0 


IEN1 (E8H) 
ET2 
ECM2 
ECM1 
ECMO 
ECT3 
ECT2 
ECT1 
ECTO 


SYMBOL 
BIT 
FUNCTION 


ET2 
IEN1.7 
Enable T2 overflow interrupt(s) 


ECM2 
IEN1.6 
Enable T2 comparator 2 interrupt 


ECM1 
IEN1.5 
Enable T2 comparator 1 interrupt 


ECMO 
IEN1.4 
Enable T2 comparator 0 interrupt 


ECT3 
IEN1.3 
Enable T2 capture register 3 interrupt 


ECT2 
IEN1.2 
Enable T2 capture register 2 interrupt 


ECn 
IEN1.1 
Enable T2 capture register 1 interrupt 


ECTO 
IEN1.0 
Enable T2 capture register 0 interrupt 


I 
I 
7 
I 
6 
5 
4 
3 
2 
1 
0 
I 
IPO(B8H) 
I 
- 
I 
PAD 
PS1 
PSO 
PT1 
PX1 
PTO 
PXO 


SYMBOL 
BIT 
FUNCTION 


- 
IPO.7 
Reserved for future use 


PAD 
IPO.6 
ADC interrupt priority level 


PS1 
IPO.5 
SI01 (12C)interrupt priority level 


PSO 
IPO.4 
SIOO (UART) interrupt priority level 


PT1 
IPO.3 
TImer 1 interrupt priority level 


PX1 
IPO.2 
External interrupt 1/Seconds interrupt priority level 


PTO 
IPO.1 
TImer 0 interrupt priority level 


PXO 
IPO.O 
External interrupt 0 priority level 


SYMBOL 
BIT 
FUNCTION 


PT2 
IP1.7 
T2 overflow interrupt(s) priority level 


PCM2 
IP1.6 
T2 comparator 2 interrupt priority level 


PCM1 
IP1.5 
T2 comparator 1 interrupt priority level 


PCMO 
IP1.4 
T2 comparator 0 interrupt priority level 


PCT3 
IP1.3 
T2 capture register 3 interrupt priority level 


PCT2 
IP1.2 
T2 capture register 2 interrupt priority level 


PCT1 
IP1.1 
T2 capture register 1 interrupt priority level 


PCTO 
IP1.0 
T2 capture register 0 interrupt priority level 


SOURCE 
NAME 
PRIORITY WITHIN LEVEL 


(highest) 
Extemal interrupt 0 
XO 
i 
SI01 (12C) 
S1 


ADC completion 
ADC 
Timer 0 overilow 
TO 


Timer 2 capture 0 
CTO 
Timer 2 compare 0 
CMO 


External interrupt 1/Seconds interrupt 
X1/SEC 
Timer 2 capture 1 
CT1 
Timer 2 compare 1 
CM1 


Timer 1 overilow 
T1 


Timer 2 capture 2 
CT2 


Timer 2 compare 2 
CM2 


SIOO (UART) 
SO 


Timer 2 capture 3 
CT3 


Timer 2 overilow 
T2 
,J, 


(lowest) 


SOURCE 
NAME 
VECTOR ADDRESS 


Extemal interrupt 0 
XO 
0003H 
Timer 0 overilow 
TO 
OOOBH 
External interrupt 1/Seconds interrupt 
X1/SEC 
0013H 
Timer 1 overilow 
T1 
001BH 
SIOO (UART) 
SO 
0023H 
SI01 (12C) 
S1 
002BH 
Timer 2 capture 0 
CTO 
0033H 
Timer 2 capture 1 
CT1 
003BH 
Timer 2 capture 2 
CT2 
0043H 
Timer 2 capture 3 
CT3 
004BH 
ADC completion 
ADC 
0053H 
Timer 2 compare 0 
CMO 
005BH 
Timer 2 compare 1 
CM1 
0063H 
Timer 2 compare 2 
CM2 
006BH 
Timer 2 overilow 
T2 
0073H 


SYMBOL 
BIT 
FUNCTION 


SMOD 
PCON.7 
Double Baud rate bit. When set to logic 1 the baud rate is doubled when the serial port SIOO is being used in 
modes 1, 2, or 3. 


ARD 
PCON.6 
AUX-RAM 
disable 
bit. When set to a 1 the internal 
1280 bytes AUX-RAM 
is disabled, 
so that all 


MOVX-Instructions 
access the external data memory - as it is with the standard PCB80C51. 


RFI 
PCON.S 
Reduced radio frequency interference bit. When set to a 1 the toggling of ALE pin is prohibited. This bit is 
cleared on RESET (see also sections Features (EMC) and Pinning). 


WLE 
PCON.4 
Watchdog load enable. This flag must be set by software prior to loading timer T3 (watchdog timer). It is cleared 
when timer T3 is loaded. 


GF1 
PCON.3 
General-purpose 
flag bit 


GFO 
PCON.2 
General-purpose 
flag bit 


PO 
PCON.1 
Power-down bit. Setting this bit activates the power-down mode. It can only be set if input rnis high. 


IDL 
PCON.O 
Idle Mode bit. Setting this bit activates the Idle Mode. 


6.11 
Power Reduction Modes 


Two software-selectable 
modes of reduced power consumption are 


implemented. These are the Idle Mode and the Power-{jown 
Mode. 


Idle Mode operation permits the interrupt, serial ports and timer 
blocks TO, T1 and T3 to function while the CPU is halted. The 
following functions are switched off when the microcontroller enters 
the Idle Mode: 


• CPU 
(halted) 


(stopped and reset) 


(reset, output = HIGH) 


(aborted if conversion in progress) 


• PWMO, PWM1 


·ADC 


The following functions remain active during Idle Mode. These 
functions may generate an interrupt or reset and thus terminate the 
Idle Mode: 


• Timer 0, Timer 1, Timer 3 (Watchdog timer) 


• UART 


·12C 


• External interrupt 


• Seconds Timer 


In Power-{jown 
Mode the system clock is halted. If the PLL 


oscillator is selected (SELXTAL 1 = 0) and the RUN32 bit is set, the 
32 kHz oscillator keeps running, otherwise it is stopped. If the 
HF-oscillator 
(SELXTAL 1 = 1) is selected, it is stopped after setting 


the bit PD in the PCON register. 


6.11.1 
Power Control 
Register 
The modes Idle and Power-{jown 
are activated by software via the 


Special Function Register PCON. Its hardware address is 87H. 


PCON is not bit addressable. The reset value of PCON is 
(00000000). 


6.11.2 
Idle Mode 
The instruction that sets PCON.O is the last instruction executed in 
the normal operating mode before Idle Mode is activated. Once in 
the Idle Mode, the CPU status is preserved in its entirety: the Stack 
Pointer, Program Counter, Program Status Word, Accumulator, RAM 
and all other registers maintain their data during Idle Mode. The 
status of external pins during Idle Mode is shown in Table 40. 


There are three ways to terminate the Idle Mode: 


Activation of any enabled interrupt XO, TO, X1, SEC, n, SO or S1 
will cause PCON.O to be cleared by hardware terminating Idle Mode 
but only, if there is no interrupt in service with the same or higher 
priority. The interrupt is serviced, and following return from interrupt 
instruction RETI, the next instruction to be executed will be the one 
which follows the instruction that wrote a logic 1 to PCON.O. 


The flag bits GFO and GF1 may be used to determine whether the 
interrupt was received during normal execution or during Idle Mode. 
For example, the instruction that writes to PCON.O can also set or 
clear one or both flag bits. When Idle Mode is terminated by an 
interrupt, the service routine can examine the status of the flag bits. 


The second way of terminating the Idle Mode is with an external 
hardware reset. Since the oscillator is still running, the hardware 
reset is required to be active for two machine cycles (24 HF 
oscillator periods) to complete the reset operation if the HF oscillator 
is selected. 


When the PLL oscillator is selected a hardware reset of;,. 1 I1sec 
(but no longer than 10 ms) is required and the microcontroller will 
typically restart within 63 msec after the reset has finished. 


The third way of terminating the Idle Mode is by internal watchdog 
reset. The microcontroller 
restarts after 3 machine cycles in all 


cases. 


MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 
PORT 4 
SCUSDA 
PWMOIPWm" 


Idle 
Internal 
1 
1 
data 
data 
data 
data 
data 
operative (1) 
HIGH 


Idle 
External 
1 
1 
high - Z 
data 
address 
data 
data 
operative (1) 
HIGH 


Power-down 
Internal 
0 
0 
data 
data 
data 
data 
data 
high-Z 
HIGH 


Power-down 
External 
0 
0 
high-Z 
data 
data 
data 
data 
high-Z 
HIGH 


NOTE: 
1. In Idle Mode SCL and SDA can be active as outputs only if SI01 is enabled; if SI01 is disabled (S1CON.6/ENS1 = 0) these pins are in a 
high-irnpedance 
state. 


Interrupts. 
58rlal 
Porta. 
TO, n, T3 


CPU 
T2 
AOC 
PWM 


6.11.3 
Power-down 
Mode 
The instruction that sets PCON.1 is the last executed prior to going 
into the Power-down Mode. Once in Power-down Mode, the HF 
oscillator is stopped. The 32 kHz oscillator may stay running. The 
content of the on-chip RAM and the Special Function Registers are 
preserved. Note that the Power-down Mode can not be entered 
when the watchdog has been enabled. 


The Power-down Mode can be terminated by an external RESET in 
the same way as in the 80C51 (RAM is saved, but SFRs are cleared 
due to RESET) or in addition by anyone 
of the external interrupts 


(TIIlTO, mTI) or Seconds interrupt. 


The status of the externai pins during Power-down Mode is shown in 
Table 40. If the Power-down Mode is activated while in external 
program memory, the port data that is held in the Special Function 
Register P2 is restored to Port 2. If the data is a logic1, the port pin 
is held HIGH during the Power-down Mode by the strong pUll-up 
transistor P1 (see Figure 9). 


The Power-down Mode should not be entered within an interrupt 
routine because Wake-up with an external or 'Seconds' interrupt is 
not possible in that case. 


6.11.4 
Wake-up from Power-down 
Mode 
The Power-down Mode of the P8xCE559 can also be terminated by 
anyone 
of the three enabled interrupts, 1JII'rn,mTI or Seconds 


interrupt. 


If there is an interrupt already in service, which has same or higher 
priority as the Wake-up interrupt, Power-down Mode will switch over 
to Idle Mode and stay there until an interrupt of higher priority 
terminates Idle Mode. 


A termination with these interrupts does not affect the internal data 
memory and does not affect the Special Function Registers. This 
gives the possibility to exit Power-down without changing the port 
output levels. To terminate the Power-down Mode with an external 
interrupt, IJII'rn or JlilIT must be switched to be level-sensitive and 
must be enabled. The external interrupt input signallJll'rn 
or mTI 


must be kept LOW till the oscillator has restarted and stabilized (see 
Figure 41). A Seconds interrupt will terminate the Power-down Mode 
if it is enabled and mTI is level sensitive. In order to prevent any 
interrupt priority problems during Wake-up, the priority of the desired 
Wake-up interrupt should be higher than the priorities of all other 
enabled interrupt sources. 


The instruction following the one that put the device into the 
Power-down Mode will be the first one which will be executed after 
the interrupt routine has been serviced. 
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6.12 
Oscillator Circuits 
The input signal SELXTAL 1 connected to logic "1" selects the 
XTAL 1,2 oscillator (standard 80C51) instead of the XTAL3, 4 
oscillator, which is halted and XTAL3, 4 must not be connected. 


6.12.1 
XTAL1, 2 Oscillator 
circuit 
(standard 
80C51) 
The oscillator circuit of the P8xCE559 is a single-stage 
inverting 


amplifier in a Pierce oscillator configuration. The circuitry between 
the XTAL 1 and XTAL2 is basically an inverter biased to the transfer 
point. Either a crystal or ceramic resonator can be used as the 
feedback element to complete the oscillator circuitry. Both are 
operated in parallel resonance. XTAL 1 is the high gain amplifier 
input, and XTAL2 is the output (see Figure 42). To drive the 
P8xCE559 externally, XTAL 1 is driven from an extemal source and 
XTAL2 left open--circuit (see Figure 43). 


6.12.2 
XTAL3, 4 Circuitry 
Please refer to chapter 6.13.1 


External 
clock 
signal 


6.13.1 
XTAL3,4 Oscillator 
Circuitry 
The input signal SELXTAL 1 connected to logic "0" selects the 32kHz 
oscillator together with the PLL instead of the XTAL 1,2 oscillator, 
which is halted. XTAL2 is floating in that case. 


The 32kHz oscillator consists of an inverter, which forms a Pierce 
oscillator with the on~hip 
components C1,C2,Rf and an external 


crystal of 32768 Hz., 


During the following situations, the inverter is switched to tristate and 
XTAL3 is pulled to Vss ; 


• during Power-down 
Mode, when the PLL control register bit 


RUN32 (PLLCON.7) was set to '0'; 


• during Reset (RSTIN ; HIGH) ; 


• when the XTAL 1,2 oscillator is selected (SELXTAL 1 ; HIGH). 


6.13.2 
PLL CCO 
A current controlled oscillator (CCO) generates a clock frequency 
fceo of approx. 32 , 38 , 44 or 50 MHz, controlled by the PLL, with 
the 32kHz oscillator as the reference clock. The system clock 
frequency fClK can be varied under software control by changing the 
contents of the PLL control register (PLLCON): 


fcco can be changed via the PLLCON bits FSEL(1 :0) 
(see Table 41). The maximum locking time is 10 ms (2). 


During the stabilization phase, no time critical routines should be 
executed. 


The system clock frequency fClK is derived from fcco under control 
olthe 
PLLCON bits FSEL(4:0) (see Table 41). 


If only FSEL(4:2) is changed but not FSEL(l :0), then it takes about 
1us until the new frequency is available. 


Changing the system clock frequency has to be done in two steps. 


From HIGH to LOW frequencies: 
First change (FSEL(4:2), then FSEL (1:0). 


From LOW to HIGH frequencies: 
Rrst change only FSEL (1:0) and after a stabilization phase of 
10 ms change FSEL (4:2). 


6.13.3 
PLL Control 
Register 
- PLLCON 
PLLCON is a special function register, which can be read and 
written by software. It contains the control bits: 


• to select one of several system clock frequencies (see Table 41) 


• the seconds interrupt flag: SECINT 


• to enable the seconds interrupt flag: ENSECI 


• the RUN32 bit, which defines if during Power--<lown Mode the 


32kHz oscillator is halted or stays running. 


PLLCON is initialized to ODH upon Reset (RSTIN = '1') or Watchdog 
Timer Overflow. PLLCON = ODH corresponds to a system clock 
frequency of 11.01 MHz. 


SYMBOL 
BIT 
FUNCTION 


RUN32 
PLLCON.7 
RUN32 = 0: The 32 kHz oscillator halts during Power--<lown. 
RUN32 = 1: The 32 kHz oscillator stays running dUring Power--<lown. 


ENSECI 
PLLCON.6 
Enable the seconds interrupt. 
(enabling INTl is also required) 


SECINT 
PLLCON.5 
Seconds interrupt requested by an overflow of the seconds timer (which occurs every second) or via writing 
a '1' to this bit. 
SECINT can only be cleared by writing a '0' to this bit. 


FSEL.4 
PLLCON.4 
System clock frequency in MHz 


to 
to 
FSEL[4:2] 


FSEL.O 
PLLCON.O 


100 
011 
010 


11 
3.93 
7.86 
15.73 


FSEL[1:0]10 
4.72 
9.44 
01 
5.51 
11.01 


00 
6.29 
12.58 


Other combinations, than mentioned above, are reserved and may not be selected. 


This allows to generate the standard baud rates 19200, 9600, 4800, 2400 and 1200 Baud, when using the UART and Timer1. 


6.13.4 
Seconds Timer 
This counter provides an overflow signal every second, when the 
32kHz oscillator is running. 


The overflow output sets the interrupt flag SECINT. This interrupt 
can be disabled/enabled 
by ENSECI. If SECINT is enabled, it is 


logically ORed with INT1 (extemal interrupt 1). 


Seconds interrupt and INT1 therefor share the same priority and 
vector. The software has to check both flags SECINT (PLLCON.5) 
and IE1 (TCON.3), to distinguish between the two interrupt sources. 
SECINT can only be cleared via writing a '0' to this bit . 


The external interrupts INTO, INT1 or the seconds interrupt can 
Wake-up the PLL oscillator and the microcontroller as described in 
chapter 'Wake-up 
from Power-<lown Mode". 


For a Wake-up via INT1 or seconds interrupt, IE1 must be enabled 
and level-sensitive. 


A further function of the seconds timer is to control the start-up 
timing of the microcontroller 
after Reset or after Wake-up from 


Power-<lown. It controls the stretching of the reset pulse to the 
microcontroller and controls releasing the system clock to the 
microcontroller. 


A RSTIN signal of 1us at minimum will reset the microcontroller. 


In case of Reset or Wake-up with halted 32kHz oscillator: From 
RSTIN falling edge or Wake-up 
interrupt it takes 560ms at 


maximum for the start-up 
of the 32kHz oscillator itself and the 


stabilization of the PLL's. 


In case of Wake-up with running 32kHz oscillator: From Wake-up 
interrupt it takes about 1ms for the stabilization of the PLL's. 


After this start-up time, the microcontroller 
is supplied with the 


system clock and - in case of a reset - the internally stretched reset 
signal overlaps about 45us, to guarantee a proper initialization of the 
microcontroller. 


For further information refer to section 6.11 Power reduction modes. 


'Seconds' 
Interrupt 
request 


6.14 
Reset Circuitry 
The reset input pin RSTIN is connected to a Schmitt trigger for noise 
reduction (see Figure 46). Is the HF-oscillator 
selected a Reset is 


accomplished by holding the RSTIN pin HIGH for at least 2 machine 
cycles (24 system clock periods). Is the PLL-oscillator 
selected the 
RSTIN-pulse 
must have a width of 1 liS at least, independent of the 
32 kHz-osciJlator is running or not (see PLL description). The CPU 
responds by executing an internal reset. The RSTOUT pin 
represents the signal resetting the CPU and can be used to reset 
peripheral devices. 


The RSTOUT level also could be high due to a Watchdog timer 
overflow. 


The length of the output pulse from T3 is 3 machine cycles. A pulse 
of such short duration is necessary in order to recover from a 
processor or system fault as fast as possible. 


During Reset, ALE and J5SEI\l output a HIGH level. In order to 
perform a correct reset, this level must not be affected by external 
elements. 


A Reset leaves the internal registers as shown in Table 5. 


6.15 
Power-on Reset 
An automatic Reset can be obtained by switching on Voo, if the 
RSTIN pin is connected to Voo via a capacitor, as shown in 
Figure 47. 


If the HF oscillator selected the Voo rise time must not exceed 10 
ms and the capacitor should be at least 2.2 I1F.The decrease of the 
RSTIN pin voltage depends on the capacitor and the internal resistor 
RRST.That voltage must remain above the lower threshold for at 
minimum the HF-oscillator 
start--{Jp time plus 2 machine cycles. 


Is the PLL-osciJlator selected a 0.1 I1Fcapacitor is sufficient to 
obtain an automatic reset. 


Capacitor for 


HF_osc.: 
2.2 I1F 


PLL_osc.: 
0.1 I1F 


7. 
INSTRUCTION 
SET 
The P8xCE559 uses the powerful instruction set of the PCB80C51. 
It consists of 49 singllHlyte, 
45 two-byte 
and 17 threlHlyte 


instructions. Using a 16 MHz quartz, 64 of the instructions are 
executed in 0.75 I1s,45 in 1,511Sand the multiply, divide instructions 
in 311s. 


A summary of the instruction set is given in Table 43. 


The P8xCE559 has additional Special Function Registers to control 
the on-<:hip peripherals. 


7.1 
Addressing 
Modes 
Most instructions have a "destination, source" field that specifies the 
data type, addressing modes and operands involved. For all these 
instructions, except for MOVs, the destination operand is also the 
source operand (e.g., ADD A,R7). 


There are five kinds of addressing modes: 


• Register Addressing 


- 
RO- R7 (4 banks) 


- 
A,B,C (bit), AB (2 bytes), DPTR (double byte) 


• 
Direct Addressing 


- 
lower 128 bytes of internal Main RAM 
(including the 4 RD-R7 register banks) 


- 
Special Function Registers 


- 
128 bits in a subset of the internal Main RAM 


- 
128 bits in a subset of the Special Function Registers 


• Register-Indirect 
Addressing 


- 
internal Main RAM (@RO, @R1, @SP[PUSH/POP]) 


- 
internal Auxiliary RAM (@RO, @R1, @DPTR) 


- 
ex1ernal Data Memory (@RO, @R1, @DPTR) 


• 
Immediate Addressing 


- 
Program Memory (in-<:ode 8 bit or 16 bit constant) 


• 
Base-Register-plus 
Index-Register-Indirect 
Addressing 


- 
Program Memory look-up table (@DPTR+A, 
@PC+A) 


The first three addressing modes are usable for destination 
operands. 


INSTRUCTION 
FLAG 


C 
OV 
AC 


ADD 
X 
X 
X 


AD DC 
X 
X 
X 


SUBB 
X 
X 
X 


MUL 
0 
X 


DIV 
0 
X 


DA 
X 
X 


RRC 
X 


RLC 
X 
SETBC 
1 


CLRC 
0 
CPLC 
X 
ANLC, 
bit 
X 
ANLC,lbit 
X 


ANLC, 
bit 
X 


ORLC, 
bit 
X 


MOVC,bit 
X 


CJNE 
X 


NOTE: 
1. Note that operations on SFR byte address 208 or bit addresses 


209-215 (I.e., the PSW or bits in the PSW) will also affect flag 
settings. 


Notes on instruction 
set and addressing 
modes: 


Rn 
Register R7-RO of the currently selected Register 
Bank. 


8-bit internal data location's address. This could be 
an Internal Data RAM location (0-127) or a SFR 
[i.e., I/O port, control register, status register, etc. 
(128-255)]. 


8-bit RAM location addressed indirectly through reg- 
ister R1 or ROof the actual register bank. 


8-bit constant included in the instruction. 


16-bit constant included in the instruction 


16-bit destination address. Used by LCALL and 
WMP. A branch can be anywhere within the 64 
Kbytes Program Memory address space. 


11-bit destination address. Used by ACALL and 
AJMP. The branch will be within the same 2 Kbytes 
page of program memory as the first byte of the fol- 
lowing instruction. 


rei 
Signed (two's complement) 8-bit offset byte. Used by 
SJMP and all conditional jumps. Range is -128 to 
+127 bytes relative to first byte of the follOWing 
instruction. 


bit 
Direct Addressed bit in Internal Data RAM or Special 
Function Register. 


Hexadecimal 
opcode 
cross-reference 
to Table 43 


8, 9, A, B, C, D, E. F. 


11,31,51,71,91, 
B1, D1, F1. 


01,21,41,61,81, 
A1, C1, E1. 


MNEMONIC 
DESCRIPTION 
BYTE I CYCLES 
OPCODE 


(HEX.) 


ARITHMETIC 
OPERATIONS 


ADD 
A,Rn 
Add register to Accumulator 
1 
1 
2' 


ADD 
A,direct 
Add direct byte to Accumulator 
2 
1 
25 


ADD 
A,@Ri 
Add indirect RAM to Accumulator 
1 
1 
26,27 


ADD 
A,#data 
Add immediate data to Accumulator 
2 
1 
24 


AD DC 
A,Rn 
Add register to Accumulator with carry 
1 
1 
3' 


ADDC 
A,direct 
Add direct byte to Accumulator with carry 
2 
1 
35 


AD DC 
A,@Ri 
Add indirect RAM to Accumulator with carry 
1 
1 
36,37 


ADDC 
A,#data 
Add immediate data to ACC with carry 
2 
1 
34 


SUBB 
A,Rn 
Subtract Register from ACC with borrow 
1 
1 
9' 


SUBB 
A,direct 
Subtract direct byte from ACC with borrow 
2 
1 
95 


SUBB 
A,@Ri 
Subtract indirect RAM from ACC with borrow 
1 
1 
96,97 


SUBB 
A,#data 
Subtract immediate data from ACC with borrow 
2 
1 
94 


INC 
A 
Increment Accumulator 
1 
1 
04 


INC 
Rn 
Increment register 
1 
1 
0' 


INC 
direct 
Increment direct byte 
2 
1 
05 


INC 
@Ri 
Increment indirect RAM 
1 
1 
06,07 


DEC 
A 
Decrement Accumulator 
1 
1 
14 


DEC 
Rn 
Decrement Register 
1 
1 
l' 


DEC 
direct 
Decrement direct byte 
2 
1 
15 


DEC 
@Ri 
Decrement indirect RAM 
1 
1 
16,17 


INC 
DPTR 
Increment Data Pointer 
1 
2 
A3 


MUL 
AB 
Multiply A and B 
1 
4 
A4 


DIV 
AB 
Divide A by B 
1 
4 
84 


DA 
A 
Decimal Adjust Accumulator 
1 
1 
04 


LOGICAL OPERATIONS 


ANL 
A,Rn 
AND Register to Accumulator 
1 
1 
5' 


ANL 
A,direct 
AND direct byte to Accumulator 
2 
1 
55 


ANL 
A,@Ri 
AND indirect RAM to Accumulator 
1 
1 
56,57 


ANL 
A,#data 
AND immediate data to Accumulator 
2 
1 
54 


ANL 
direct,A 
AND Accumulator to direct byte 
2 
1 
52 


ANL 
direct,#data 
AND immediate data to direct byte 
3 
2 
53 


ORL 
A,Rn 
OR register to Accumulator 
1 
1 
4' 


ORL 
A,direct 
OR direct byte to Accumulator 
2 
1 
45 


ORL 
A,@Ri 
OR indirect RAM to Accumulator 
1 
1 
46,47 


ORL 
A,#data 
OR immediate data to Accumulator 
2 
1 
44 


ORL 
direct,A 
OR Accumulator to direct byte 
2 
1 
42 


ORL 
direct,#data 
OR immediate data to direct byte 
3 
2 
43 


XRL 
A,Rn 
Exclusive-OR register to Accumulator 
1 
1 
6' 
XRL 
A,direct 
Exclusive-OR direct byte to Accumulator 
2 
1 
65 


XRL 
A,@Ri 
Exclusive-OR indirect RAM to Accumulator 
1 
1 
66,67 


MNEMONIC 
DESCRIPTION 
BYTE I CYCLES 
OPCODE 
(HEX.) 


LOGICAL OPERATIONS 
(Continued) 


XRL 
A,#data 
Exclusive-OR immediate data to Accumulator 
2 
1 
64 


XRL 
direct,A 
Exclusive-OR Accumulator to direct byte 
2 
1 
62 


XRL 
direct,#data 
Exclusive-OR immediate data to direct byte 
3 
2 
63 


CLR 
A 
Clear Accumulator 
1 
1 
E4 


CPL 
A 
Complement Accumulator 
1 
1 
F4 


RL 
A 
Rotate Accumulator left 
1 
1 
23 


RLC 
A 
Rotate Accumulator left through the carry 
1 
1 
33 


RR 
A 
Rotate Accumulator right 
1 
1 
03 


RRC 
A 
Rotate Accumulator right through the carry 
1 
1 
13 


SWAP 
A 
Swap nibbles within the Accumulator 
1 
1 
C4 


DATA TRANSFER 


MOV 
A,Rn 
Move register to Accumulator 
1 
1 
E· 


MOV 
A,direct 
Move direct byte to Accumulator 
2 
1 
E5 


MOV 
A,@Ri 
Move indirect RAM to Accumulator 
1 
1 
E6, E7 


MOV 
A,#data 
Move immediate data to Accumulator 
2 
1 
74 


MOV 
Rn,A 
Move Accumulator to register 
1 
1 
F· 


MOV 
Rn,direct 
Move direct byte to register 
2 
2 
A· 


MOV 
RN,#data 
Move immediate data to register 
2 
1 
7· 


MOV 
direct,A 
Move Accumulator to direct byte 
2 
1 
F5 


MOV 
direct,Rn 
Move register to direct byte 
2 
2 
8· 


MOV 
direct,direct 
Move direct byte to direct 
3 
2 
85 


MOV 
direct,@Ri 
Move indirect RAM to direct byte 
2 
2 
86,87 


MOV 
direct,#data 
Move immediate data to direct byte 
3 
2 
75 


MOV 
@Ri,A 
Move Accumulator to indirect RAM 
1 
1 
F6,F7 


MOV 
@Ri,direct 
Move direct byte to indirect RAM 
2 
2 
A6,A7 


MOV 
@Ri,#data 
Move immediate data to indirect RAM 
2 
1 
76, 77 


MOV 
DPTR,#data 16 
Load Data Pointer with a 16-bit constant 
3 
2 
90 


MOVC 
A,@A+DPTR 
Move Code byte relative to DPTR to ACC 
1 
2 
93 


MOVC 
A,@A+PC 
Move Code byte relative to PC to ACC 
1 
2 
83 


MOVX 
A,@Ri 
Move AUX-RAM 
(8-bit addr) to ACC 
1 
2 
E3,E3 


MOVX 
A,@DPTR 
Move AUX-RAM 
(16-bit addr) to Ace 
1 
2 
EO 


MOVX 
@Ri,A 
Move ACC to AUX-RAM 
(8-bit addr) 
1 
2 
F2,F3 


MOVX 
@DPTR,A 
Move ACC to AUX-RAM 
(16-bit addr) 
1 
2 
FO 


PUSH 
direct 
Push direct byte onto stack 
2 
2 
CO 


POP 
direct 
Pop direct byte from stack 
2 
2 
DO 


XCH 
A,Rn 
Exchange register with Accumulator 
1 
1 
C· 


XCH 
A,direct 
Exchange direct byte with Accumulator 
2 
1 
C5 


XCH 
A,@Ri 
Exchange indirect RAM with Accumulator 
1 
1 
C6,C7 
XCHD 
A,@Ri 
Exchange low-order digit indirect RAM with ACC 
1 
1 
D6,07 


MNEMONIC 
DESCRIPTION 
BYTE/CYCLES 
OPCODE 


(HEX.) 


BOOLEAN VARIABLE 
MANIPULATION 


CLR 
C 
Clear carry 
1 
1 
C3 


CLR 
bit 
Clear direct bit 
2 
1 
C2 


SET6 
C 
Set carry 
1 
1 
D3 


SET6 
bit 
Set direct bit 
2 
1 
D2 


CPL 
C 
Complement carry 
1 
1 
63 


CPL 
bit 
Complement direct bit 
2 
1 
62 


ANL 
C,bit 
AND direct bit to carry 
2 
2 
62 


ANL 
C,/bit 
AND complement of direct bit to carry 
2 
2 
60 


ORL 
C,bit 
OR direct bit to carry 
2 
2 
72 


ORL 
C/bit 
OR complement of direct bit to carry 
2 
2 
AD 


MOV 
C,bit 
Move direct bit to carry 
2 
1 
A2 


MOV 
bit,C 
Move carry to direct bit 
2 
2 
92 


JC 
rei 
Jump if carry is set 
2 
2 
40 


JNC 
rei 
Jump if carry not set 
2 
2 
50 


J6 
rei 
Jump if direct bit is set 
2 
2 
20 


JN6 
rei 
Jump if direct bit is not set 
2 
2 
30 


J6C 
bit,rei 
Jump if direct bit is set and clear bit 
3 
2 
10 


PROGRAM BRANCHING 


ACALL 
addr11 
Absolute subroutine call 
2 
2 
**1addr 


LCALL 
addr16 
Long subroutine call 
3 
2 
12 


RET 
Return from subroutine 
1 
2 
22 


RETI 
Return from interrupt 
1 
2 
32 


AJMP 
addr11 
Absolute jump 
2 
2 
***1addr 


LJMP 
addr16 
Long jump 
3 
2 
02 


SJMP 
rei 
Short jump (relative addr) 
2 
2 
80 


JMP 
@A+DPTR 
Jump indirect relative to the DPTR 
1 
2 
73 


JZ 
rei 
Jump if Accumulator is zero 
2 
2 
60 


JNZ 
rei 
Jump if Accumulator is not zero 
2 
2 
70 


CJNE 
A,direct,rel 
Compare direct byte to ACC and jump if not equal 
3 
2 
65 


CJNE 
A,#data,rel 
Compare immediate to ACC and jump if not equal 
3 
2 
64 


CJNE 
RN,#data,rel 
Compare immediate to register and jump if not 
3 
2 
6* 


equal 


CJNE 
@Ri,#data,rel 
Compare immediate to indirect and jump if not 
3 
2 
66,B7 


equal 


DJNZ 
Rn,rel 
Decrement register and jump if not zero 
2 
2 
D* 


DJNZ 
direct, rei 
Decrement direct byte and jump if not zero 
3 
2 
D5 
Nap 
No operation 
1 
1 
00 
NOTE: 
Note: 


1. All mnemonics 
copyrighted 
© Intel Corporation 
1980 


0 
1 
2 
3 
4 
5 
6 
17 
8191AIBICIDIEIF 


0 
NOP 
AJMP 
LJMP 
RR 
INC 
INC 
INC@Ri 
INCRr 


addr11 
addr16 
A 
A 
dir 
0 
11 
o 11 
12 
13 
14 
15 
16 
17 


1 
JBC 
ACALL 
LCALL 
RRC 
DEC 
DEC 
DEC@ 
Ri 
DEC Rr 


bit, rei 
addr11 
addr16 
A 
A 
dir 
0 
11 
011121314151617 


2 
JB 
AJMP 
RET 
RL 
ADD 
ADD 
ADD A, @ Ri 
ADD A, Rr 


bit, rei 
addr11 
A 
A, #data 
A,dir 
0 
11 
011121314151617 


3 
JNB 
ACALL 
RETI 
RLC 
ADDC 
AD DC 
AD DC A, @ Ri 
ADDCA, 
Rr 


bit, rei 
addr11 
A 
A, #data 
A,dir 
0 
11 
011121314151617 


4 
JC 
AJMP 
ORL 
ORL 
ORL 
ORL 
ORLA, 
@ Ri 
ORLA, 
Rr 


rei 
addr11 
dir,A 
dir, #data 
A, #data 
A,dir 
0 
11 
011121314151617 


5 
JNC 
ACALL 
ANL 
ANL 
ANL 
ANL 
ANLA, 
@ Ri 
ANLA, 
Rr 


rei 
addr11 
dir,A 
dir, #data 
A, #data 
A,dir 
0 
11 
011121314151617 


6 
JZ 
AJMP 
XRL 
XRL 
XRL 
XRL 
XRLA, 
@ Ri 
XRLA. 
Rr 


rei 
addr11 
dir,A 
dir, #data 
A, #data 
A.dir 
0 
11 
011121314151617 


7 
JNZ 
ACALL 
ORL 
JMP 
MOV 
MOV 
MOV @ Ri, #data 
MOV Rr. #data 


rei 
addr11 
C,blt 
@A+DPTR 
A, #data 
dir,#data 
0 
11 
011121314151617 


8 
SJMP 
AJMP 
ANL 
MOVC 
DIV 
MOV 
MOVdir, 
@ Ri 
MOVdir, 
Rr 


rei 
addr11 
C,bit 
A,@A+PC 
AB 
dir, dir 
0 
11 
011121314151617 
9 
MOV 
ACALL 
MOV 
MOVC 
SUBB 
SUBB 
SUBBA, 
@ Ri 
SUBBA, 
Rr 


DPTR,#data16 
addr11 
bit,C 
A,@A+DPTR 
A, #data 
A,dir 
0 
11 
011121314151617 
A 
ORL 
AJMP 
MOV 
INC 
MUL 
MOV@ 
Ri,dir 
MOVRr,dir 


C,/bit 
addr11 
C,bit 
DPTR 
AB 
0 
11 
011121314151617 
B 
ANL 
ACALL 
CPL 
CPL 
CJNE 
CJNE 
CJNE @Ri,#data.rel 
CJNE Rr, #data, rei 


C,/bit 
addr11 
bit 
C 
A,#data,rel 
A,dir, rei 
0 
11 
0111213141516/7 
C 
PUSH 
AJMP 
CLR 
CLR 
SWAP 
XCH 
XCHA, 
@ Ri 
XCHA.Rr 


dir 
addr11 
bit 
C 
A 
A,dir 
0 
11 
011121314151617 
D 
POP 
ACALL 
SETB 
SETB 
DA 
DNJZ 
XCHDA, 
@ Ri 
DJNZ Rr. rei 


dir 
addr11 
bit 
C 
A 
dir, rei 
0 
11 
011121314151617 
E 
MOVX 
AJMP 
MOVXA, 
@Ri 
CLR 
MOV 
MOVA, 
@Ri 
MOVA. 
Rr 


A, @DPTR 
addr11 
0 
1 
A 
A.dir 
O 
) 
0 
11 
011121314151617 
F 
MOVX 
ACALL 
MOVXA,@Ri,A 
CPL 
MOV 
MOV@ 
Ri,A 
MOVRr,A 


@DPTR,A 
addr11 
0 
1 
A 
dir,A 
0 
11 
011121314151617 


8.1 
General 


• 48 Kbytes electrically erasable intemal program memory with 


Block- and Page-Erase option ("Flash Memory"). 


• Intemal fixed boot ROM. 


• Up to 16 Kbytes external program memory in combination with the 
intemal FEEPROM (E3:=1). 


• Up to 64 Kbytes extemal program memory if the intemal program 


memory is switched off (E3:=0). 


The FEEPROM can be read and written byte-wise. Full Erase, Block 
Erase, and Page erase will erase 48 Kbytes, 256 bytes and 32 bytes 
respectively. In-circuit programming and out-of-circuit programming 
is possible. On-chip erase and write timing generation and on chip 
high voltage generation contribute to a user friendly interface. 


8.2 
Features 


• Read: 


• 
Write: 


byte-wise within 2.5 ms. 
(previously erased by a page, block or full erase). 


• 
Erase: 
Page Erase (32 bytes) within 5 ms. 
Block Erase (256 bytes) within 5 ms. 
Full Erase (32 Kbytes) within 5 ms. 
Erased bytes contain FFH. 


• 
Endurance: 
100 erase and write cycles each byte at Tamb= 22°C 


• 
Retention: 
10 years 


• 
Out-of-circuit programming: 
Parallel programming with 8lC51 compatible hardware 
Interface to programmer. 


• 
In-circuit programming: 
Serial programming via RS232 interface under boot ROM 
program control. Auto baud rate selection. 
Intel Hex Object file Format. 
The user program can call routines in the boot ROM for 
erase, write and verify of the FEEPROM. 


• 
High programming voltage generation: on chip 


• 
Zero point on-chip oscillator and timer to generate the write and 
erase time durations. 


• Programmable security for the code in the FEEPROM to prevent 
software piracy. The Security Byte is located in the highest 
address (OBFFFH) of the FEE PROM. 


• Supply voltage monitoring circuit orH:hip 
to prevent loss of 


information in the FEEPROM during power-Qn and power-Qff. 


8.3 Memory Map 
Figure 48 shows the memory map of the user program memory and 
the boot ROM. They are located in the same program address 
space. Two bits UBSl and UBSO of the FEEPROM control special 
function register FMCON select between the two memory blocks. 


User program 
memory selection 
If UBSl 
and UBSO are both 0, then the user program memory is 


mapped into the 64 K program memory space and the boot ROM 
cannot be selected. This is the situation after a reset when PSE'fiI 
and ALE have not been pulled down during reset. Program 
execution starts at OOOOHin the intemal FEEPROM or in the 
external program memory dependent on the level of E}I; during 
reset. 


Boot ROM selection 
After a reset program execution starts in the boot ROM when during 
reset PSE'fiI and E}I;are pulled down while ALE stay high. The boot 
ROM size is 1 Kbyte. Besides the serial irH:ircuit 
programming 


routine the boot ROM contains the routines for erase, write and 
verify of the FEEPROM, which can be called by the user program 
(LCALL to the address space between 63 K and 64 K). 


Switching 
between 
user program 
memory 
and boot ROM 


Switching between user program memory (intemal or external) and 
boot ROM is possible if UBSl and UBSO are 0,1. Then in the 
program memory address space between 0 and 63k the user 
program memory is selected and in the memory space between 63 
K and 64 K the boot ROM is selected. 


To switch from user program memory to boot ROM first UBSO must 
be set (UBS 1 stay 0) and a jump or call instruction to a location >63 
K must be executed. 


At the moment of crossing the 63 K address border by a return 
instruction the switching from boot ROM to user memory (internal or 
external) is performed. After crossing the 63 K address border UBSl 
and UBSO are cleared and the total 64 K memory space is mapped 
as user program memory. By clearing UBSl 
and UBSO, no special 


requirements to the user program are necessary to do that after a 
read or erase or write routine. 


A small restriction for memory switching is that no memory switching 
is allowed from or to the address space between 63 K and 64 K of 
the user program memory because the UBS bits must stay 0 in this 
range. This restriction can be avoided if the memory switching is 
always done by a subroutine in the address range between 0 and 
63K. 


Description 
The user program code in the FEEPROM is executed as in the 
standard BOC51 microcontroller. 
Erase and write cycles in the 


FEEPROM are always performed under control of the boot program 
in the boot ROM in the address space between 63 K and 64 K. 
Address and data parameters are passed via DPTR and 
accumulator A respectively. During an erase or write cycle in the 
FEEPROM no other access or program execution in the FEE PROM 
is possible. All interrupts must be disabled when the user program 
calls a user routine in the boot ROM. 


The boot routine for serial programming takes care of addressing, 
data transfer, verify, high voltage control, error message and retum 
to the user program memory. It also contains the serial 
communication routine. 


The FEEPROM control register FMCON is a special function 
register. It contains the control bits for verify, write, erase and boot 
ROM switching. 


64 K ...------.,-- 
--- 
. 
63K 
_ 
64K 


63K 
BOOTROM 
~------ 


External 
Program 
Memory 


(9= 
X) 


48K 
0,0 
security 
0,1 


Byte 
~------ 
External 
Program 
Internal 
Memory 
Program 


(9=0) 
Memory 


(9=1) 


0 


External 
Program 
Memory 


48 "1- 
-1 


OBFFFH 
Security 
---~!.._- 


External 
Program 
Memory 


Internal 
Program 
Memory 


\_--- 


UBS1 
UBSO 
User - Boot selection 
bits 


0 
0 
User memory mapped from 0 to 64 K. 


0 
1 
User memory mapped from 0 to 63 K. 
Boot ROM mapped from 63 K to 64 K. 


1 
0 
User memory mapped from 0 to 63 K, but UBS1 bit cleared by hardware in this user address range. 
Boot ROM mapped from 63 K to 64 K. User software should not write "1" UBS1. 


1 
1 
Boot ROM mapped from 0 to 64 K. User software should not write "1" UBS1. 


HV 
Hi9.h voltage 
indication 
bit. Read only. 
Is 1" as long as the high voltage for an erase or write operation is present. 


FCB3 
FCB2 
FCBl 
FCBO 
Function 
Code Bits 


0 
0 
0 
0 
Value after Reset. 


0 
1 
0 
1 
By1eWrite or by1e read (verify) 


1 
1 
0 
0 
Page Erase (32 by1es boundaries). 


0 
0 
1 
1 
Block Erase (256 by1es boundaries). 


1 
a 
1 
a 
Full Erase (48 Kby1es). 


The four FCB bits are write protected if the security feature is 
activated. Then only instructions in the internal program memory 
(FEEPROM) are able to write FCB (3-0), boot ROM and external 
program memory instructions cannot change FCB (3-0) except the 
full erase code can be loaded. 


The duration of a write or erase operation is determined by the 
FEEPROM timer. This timer includes a zero point RC oscillator and 
cannot be controlled by software. 


For calling a user routine in the boot ROM first all interrupts must be 
disabled and the DPTR and A have to be loaded with the desired 
values. After setting UBSo = 1 and UBS1 = a and selecting the 
function via FCB-bits the respective user routine has to be called. 


The table below lists the boot ROM user routines, which can be 
called by the user program. The content of FMCON, A and DPTR 
before the call is described by "(IN)" and the contents after the 
return is described by "(OUT)". The boot ROM user routines do not 
change other registers or Data memory. 


BOOT-ROM ROU· 
CALL 
FMCON 
FMCON 
ACC 
ACC 
DPTR 
DPTR 
TINE 
ADDRESS 
(IN) 
(OUT) 
(IN) 
(OUT) 
(IN) 
(OUT) 


BYTE_READ 
FFBAH 
45H 
15H 
XXH 
BYTE 
BYTE ADDRESS 
BYTE ADDRESS 


BYTE_WRITE 
FFADH 
45H 
15H 
BYTE 
BYTE (V) 
BYTE ADDRESS 
BYTE ADDRESS 


PAGE_ERASE 
FFAAH 
4CH 
lCH 
XXH 
o8H 
PAGE ADDRESS 
1) 
PAGE ADDRESS 
2) 


BLOCK_ERASE 
FFA5H 
43H 
13H 
XXH 
o2H 
BLOCK ADDRESS 
3) 
BLOCK ADDRESS 
4) 


FULL_ERASE 
FFAoH 
4AH 
1AH 
XXH 
oAH 
XXXXH 
o018H 
x 
= don't care or not defined 
V 
= verified by1e (read back) 
1) 
= 5 LSB's of DPTR are don't care 
2) 
= 5 LSB's of DPTR are "0" 
3) 
= 8 LSB's of DPTR are don't care 
4) 
= 8 LSB's of DPTR contain o8H. 


Example of user software (internal or external) that calls the Page 
Erase routine in the boot ROM to erase a page in the FEEPROM 
(32 bytes) starting at address location 1260H. 


CLR EA 


MOV DPTR, # 1260H 


MOV FMCON, # 4CH 


LCALL OFFAAH 


MOV 
FMCON, 
#OOH 


SETS 
EA 


; Disable all interrupts 


; Load page-address 


; Load Page-Erase 
code 


; Call Page-Erase 
routine in boot ROM 


; (inherent delay 5 ms) 


; Clear 
FMCON 
for security 


; Enable 
interrupts 
again 


Example of user software (intemal or ex1ernal) that calls the 
Byte-Write 
routine in the boot ROM to write the content of R5 into 


the FEEPROM address location 1263H. 


CLR EA 
; Disable all interrupts 


MOV DPTR, # 1263H 
; Load byte address 


MOV A, R5 
; Load byte to be written 


MOV FMCON, # 45H 
; Load byte-write 
code 


LCALL OFFADH 
; Call byte-write 
routine in boot ROM 


; (inherent delay 2.5 ms) 


; Clear FMCON for security 


; Enable interrupts again 


; Compare the "read-back" 
byte 


; Jump if verify error 


MOV FMCON, #OOH 


SETB EA 


XRLA, 
R5 


JNZ ERROR 


8.4 Security 
The security feature protects against software piracy and prevents 
that the content of the FEEPROM can be read undesirable. The 
Security Byte is located in the highest address location OBFFFH of 
the FEEPROM. 


The Security Byte should be SOHto activate and OOHor FFH to 
deactivate the security feature. This security code is chosen in such 
a way that single bit failures will not deactivate the security feature. 


If the security feature is deactivated, then there are no access 
restrictions to the FEEPROM. 


If the security feature is activated, then the ex1ernal program 
memory has no access to the FEEPROM with the MOVC 
instructions. Also bits FCB (3-0) of FMCON cannot be written by 
ex1ernal program code or boot ROM code. This prevents in-circuit 
programming and verification. Only the Full Erase code can be 
written to FCB (0-3) of FMCON. Note that for the intemal program 
code no restrictions exist if the security feature is activated. At the 
end of a full erase operation the security feature is deactivated. Also 
parallel programming and verify is inhibited if the security feature is 
activated, only a full erase is possible. 


Note that the security mode does not change immediately when the 
security code is written into the security byte OBFFFH, but after a 
reset or power-on. 
This allows the verification of the loaded code in 
the FEEPROM, including the Security Byte. 


8.5 
Parallel Programming 
Unlike standard EPROM programming, no ~igh programming supply 
voltage must be applied to the EA pin and only one programming 
pulse must be applied to the ALEfWE 
pin. The parallel 


programming mode is entered with the steady signals RST=1, 
PSEN=O, EA=1 and SELXTAL 1 = 1. The XTAL 1,2 clock must have 
a frequency between 4 and 6MHz. The following table shows the 
logic levels for programming, erasing, verifying and read signature. 


MODE 
ALEIWE 
P2.7 
P2.6 
P3.7 
P3.6 


Full erase 
"1....f" 
1 
1 
0 
1 


Program FEEPROM 
"1....f" 
1 
0 
1 
1 


Verify FEEPROM 
1 
0 
0 
1 
1 


Read signature 
1 
0 
0 
0 
0 


ALEfWE 
P2.6, P2.7, P3.6, P3.7 


Data and address 
bits: 
PO.0-PO.7 
P1.0 - P1.7 
P2.0 - P2.5, P3.4, P3.5 


Write Enable signal (program/erase), active low 
control signals 


DO- D7 
AO-A7 
A8-A15 


Program data input I verify or read data output 
Input low order address bits. 
Input high order address bits. 


The P89CE559 contains two signature bytes that can be read and 
used by an EPROM programming system to identify the device. 
These bytes are read by the same procedure as for a normal 
verification of locations 30H and 31H, except that P3.6 and P3.7 
need to be pUlled to LOW. 


ADDRESS 
CONTENT 
MEANING 


30H 
15H 
Philips 


31H 
B7H 
P89CE559 


+5V 


SELXTALI 
VDD 


DON'T CARE 
Pl 
PO 
DON'T CARE 


RSTIN 
Ell 


P3.6 
ALEIWE 
5 ms LOW 
PULSE 


P3.7 
P89CE559 
I'SEN 


XTAL2 
P2.7 


P2.6 


XTALI 
P2.G-P2.5 
DON'T CARE 


P3.5 
DON'T CARE 


VSS 
P3.4 
DON'T CARE 
- 
Figure 50. 
Erase Configuration 


+5V 


SELXTALI 
vDD 


Ao-A7 
PI 
PO 
PGM 
DATA 


RSTIN 
Ell 


P3.6 
ALEIWE 
2.5 ms 
LOW 
PULSE 


P3.7 
P89CE559 
I'SEN 


XTAL2 
P2.7 


P2.6 


XTALl 
P2.G-P2.5 
A8-A13 


VSS 
P3.5 
A15 
- 
P3.4 
A14 


Figure 51. 
Programming 
Configuration 


SELXTALI 
vDD 


PI 
PO 


RSTIN 
Ell 


P3.6 
ALEIWE 


P3.7 
P89CE559 
I'SEN 


XTAL2 
P2.7 


P2.6 


XTALI 
P2.o.P2.5 


vss 
P3.5 
P3,4 


FEE PROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb= -40 °C to +85 °C, VOO= 5 V ± 10%, VSS = 0 V (see Figure 53) 


SYMBOL 
PARAMETER 
MINe 
MAX 
UNIT 


1ltcLK 
System clock frequency (standard oscillator) 
4 
6 
MHz 


tAVWL 
Address setup to M LOW 
48teLK 
- 


tWHAX 
Address hold after M HIGH 
48teLK 
- 


tOVWL 
Data setup to M LOW 
48teLK 
- 


tWHOX 
Data hold after M HIGH 
48teLK 
- 


tEHwL 
P2.7 ~ 
HIGH to M LOW 
48teLK 
- 


tWHEL 
M HIGH to P2.7 ~ 
LOW 
48teLK 
- 


tWLWHp 
M width (programming) 
2.25 
2.75 
ms 


tWLWHe 
M width (erase) 
4.5 
5.5 
ms 


tAVQV 
Address to data valid 
- 
48teLK 


tELQV 
P2.7 ~ 
Low to data valid 
- 
48teLK 


tEHQZ 
Data float after P2.7 (Eml:B[EJ HIGH 
0 
48teLK 


P1.lH'1.7 
P2.o-P2.5 
P3.4, P3.5 


PROGRAMMING*/Erase* 


ADDRESS (programming) 


VERIRCATION* 


ADDRESS 


* For ERASE conditions see Figure 50. 
For PROGRAM conditions see Figure 51. 
For VERIFY conditions see Figure 52. 


+5V 


Voo 
{ 


EW 


ALL OTHER 
PINSARE 
P89CE559 
OON'T 
P3.OIRxD 
CARE 
} 
RS232 
_rL- 
RST 
Interface 
P3.1/TxD 


0 
SELXTAll 
I 
XTAL3 
ALE 
output 
of ALE 
pulses 


3K3 
32.768kHz c:::J 
1) 
l'SEliI 
L 
XTAL4 
9: 
VSS 


8.6 
Serial Programming 
of FEEPROM 
Serial in-drcuit 
programming (boot-mode) 
is entered if during and 


after RESET J5"Srn and EA are pulled down, J5"Srn via a resistor of 
3.3 k Ohm to VSS. The two UBS bits are set to 1 by hardware and 
program execution starts at OOOOHof the boot ROM. P3.0 (RXD) 
and P3.1 (TXD) form the serial RS232 interface. A baud rate of 4800 
or 9600 Baud is possible, if the PLL oscillator is selected. The 
receive and transmit channel have the same baud rate. The format 
is: Startbit, 8 data bits (last bit always 0). no parity bit and at least 
one stop bit. The boot routine inputs the Intel Hex Object Format. 
The baud rate will be selected automatically after reception of the 
first character (:) of the object file. No other characters are allowed 
to preceed the first (:) character. Programming is only started if the 
first received record has the right type indication (TT). If the security 
feature is activated (contents of the security byte; 
SOH)then the 


programming starts with a Full Erase, otherwise only the addressed 
page(s) will be erased and the not altered bytes are rewritten. 
During the erase or write operation the next string of bytes can be 
received. Xon and Xoff handshake codes are used to control the 
serial transfer. At the end of the programming a message that 
indicates a successful or not successful programming, will be 
retumed over the RS232 interface channel. If the programming was 
successful then the user program can be started up at OOOOHin 
FEEPROM by a reset for user mode (EA ; high, J5"Srn not 
affected). If the programming was not successful the boot program 
halts and a retry can be started by a reset for the boot mode. 


8.7 
Boot Routine 


The boot routine transmits the next "one ASCII character" messages 
via the RS232 interface: 


After each record type IT; DOHindication in the HEX file. 


" X " 
Checksum error of a record in the HEX file detected. 


" Y " 
Wrong record type received 


" Z " 
Buffer overflow error (Check XonIXoff of terminal) 


" R" 
Verification error (of last written byte) 


" V " 
End record received and programming of FEEPROM was 
successful 


No messages are transmitted if the baud rate of the first character 
(:) can not be detected. 


The boot routine can also be started by the internal or external user 
program (LJMP FC07H). FMCON must be loaded previously with 
40H. Interrupt registers, stack pointer, TImer 0, UART, P3.0 and 
P3.1 must be in the reset state. EA and J5"Srn must not be affected. 
A reset is needed to restart the user program after programming. 


The following baudrates will be detected automatically within the 
specified I1Cclock range in MHz. 


Baudrate 
fClK (min) 
fCLK(max) 


1200 
11) 
3.6 


2400 
21) 
7.3 


4800 
4 
14.7 


9600 
7.9 
29.51) 


19200 
15.7 
591) 


NOTE: 
1. Value outside the specified clock range 


Note that the boot routines can (re) program any number of bytes 
from 1 byte to 48 Kbytes, independent in which order or at which 
location, but if the security feature is activated, a full erase is 
performed and all not programmed bytes become FFH. 


Record start character 


BC 
Byte Count. The hexadecimal number of data bytes in the record. This may theoretically be any number from 0 to 255, 
although many assemblers prefer to deal with 16 data bytes per record (as shown in the example below). 


AAAA 
Load address in hexadecimal of first data byte in this record. 


IT 
Record type. The record type is 00 for data records and 01 for the end record. 


HH 
- 
One hexadecimal data byte. 


CC 
Record checksum. This is the 2's complement of the summation of all of the bytes in the record from the byte count through the 
last data byte. While the summation is calculated, it is always truncated to a one byte result. Thus, if all of the bytes in the record 
are summed, including the checksum itself, the result will always be 00 if the record is valid. 


Construction of data records (using the notation defined above, each letter corresponds to one hexadecimal digit in ASCII representation) is as 
follows: 


: BCAAAATTHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHCC 


The last record in a file is the end record and contains no data. Usually the end record will appear as shown in the first example below. 
However, in some cases a 16 bit checksum of all of the data bytes in the entire file may be inserted in the address field of the end record. This 
checksum would correspond to one generated by an EPROM programmer during file load, and its inclusion does not violate the rules for this 
format. This is shown in the second example. 


:00000001 FF 


:00B12C0122 


Successive hex records need not appear in sequential address order. 
For instance, a record for address OOOOHmight appear after a record for 


address 7FEOH. All of the bytes in a single record, however, must be in sequence. Any characters that appear outside of a record (i.e. after a 
checksum, but before the next ":") will be ignored, if present. 


An example of a valid hex file follows: 


:10010000C2FOE53030E704F404D2FOB531 
F030F7B6 


:100110000763FOFF05FOB2FOA430FOOA63FOFFF4DB 


:OC012000240 1500205FOB5F032F5332276 


:00000001 FF 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°C 


Voltage on VODto Vss and SCL, SDA to Vss 
-0.5 to +6.5 
V 


Input I output current on any 1/0 pin 
10 
mA 


Power dissipation (based on package heat transfer limitations, not device power consumption) 
1.0 
W 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions are taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


voo = 5V (± 10%), VSS = OV,Tamb = O°C to +70°C (P8xCE559EBx). 
All voltages with respect to Vss unless otherwise specified. 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


Voo 
Supply voltage 
4.5 
5.5 
V 


100 
Supply current operating: 
See notes 1 and 2 


P89CE559 
fCLK= 16MHz 
50 
mA 


P83CE559 
Voo = 5.5 V 
40 
mA 


110 
Supply current Idle Mode: 
See notes 1 and 3 


P89CE559 
fCLK= 16MHz 
15 
mA 


P83CE559 
Voo=5.5V 
12 
mA 


Supply current Power-down mode 
See note 4 


2 V < Vpo < Voomax 
100 
IlA 
Ipo 
Supply current Power-down mode: 
See note 17 
100 
IlA 
32 kHz I PLL operation 
Voo = 5.5 V 


Inputs 


VIL 
Input LOW voltage, except EA, SCL, SDA 
-0.5 
0.2Voo-o·1 
V 


VIL1 
Input LOW voltage to EA 
-0.5 
0.2Voo-o·3 
V 


VIL2 
Input LOW voltage to SCL, SDA 5 
-0.5 
0.3VOO 
V 


VIH 
Input HIGH voltage, except XTAL 1, RSTIN, SCL, SDA, 
0.2Voo+0.9 
Voo+0.5 
V 
ADEXS 


VIH1 
Input HIGH voltage, XTAL 1, RSTIN, ADEXS 
O·7Voo 
Voo+0.5 
V 


VIH2 
Input HIGH voltage, SCL, SDA 5 
0.7VOO 
6.0 
V 


IlL 
Input current LOW level, Ports 1, 2, 3, 4 
VIN = 0.45 V 
-50 
IlA 


ITL 
Transition current HIGH to LOW, Ports 1,2, 3, 4 
See note 6 
-650 
IlA 


±IU1 
Input leakage current, Port 0, EA, ADEXS, EW; SELXTAL 1 
0.45 V < VI < Voo 
10 
IlA 


±IU2 
Input leakage current, SCL, SDA 
OV<VI<6V 
10 
IlA 
o V < Voo < 5.5 V 


±IU3 
Input leakage current, Port 5 
0.45 V < VI < Voo 
1 
IlA 


Outputs 


VOL 
Output low voltage, Ports 1, 2, 3, 4 
IOL= 1.6mA7 
0.45 
V 


VOL1 
Output low voltage, Port 0, ALE, PSEJII, 1"WIim, PWfiiIl, 
IOL= 3.2mA7 
0.45 
V 
RSTOUT 


VOL2 
Output low voltage, SCL, SDA 
IOL= 3.0mA7, 19 
0.4 
V 


IOL= 6.0mA7, 19 
0.6 


VOH 
Output high voltage, Ports 1, 2, 3, 4 
Voo-5V±10% 


-IOH = 60~A 
2.4 
V 


-IOH = 25~A 
0.75Voo 
V 


-loH= 
1O~A 
0.9Voo 
V 


VOH1 
Output ~i~hMOIW~J;ort 
0 in extemal bus mode, ALE, 
Voo=5V±10% 
PSEJII, 
, 
, RSTOUT) 8 
-IOH = 8001lA 
2.4 
V 


-IOH = 3001lA 
0.75Voo 
V 


-IOH = 801lA 
0.9Voo 
V 


VHYS 
Hysteresis of Schmitt Trigger inputs SCL, SDA (Fast-mode) 
0.05Voo 20 
V 


DC ELECTRICAL 
CHARACTERISTICS 
(Continued) 


Voo = 5 V (± 10%), Vss = 0 V, Tamb= -40°C to +85°C (P8xCE559EFx). 
DC parameters not included here are the same as in the 
P8xCE559EBx, DC electrical characteristics. 
All voltages with respect to Vss unless otherwise specified. 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


RRST 
Internal reset pull-down resistor 
50 
150 
kfl 


CIO 
Pin capacitance 
Test freq = 1MHz, 
10 
pF 


Tamb= 25°C 


Inputs 


VIL 
Input LOW voltage, except EA, SCL, SDA 
-0.5 
0.2Voo-o·15 
V 


VIL1 
Input LOW voltage to EA 
-0.5 
0.2Voo-o·35 
V 


VIH 
Input HIGH voltage, except XTAL 1, RSTIN, SCL, SDA, ADEXS 
0.2Voo+1.0 
Voo+0.5 
V 


VIH1 
Input HIGH voltage, XTAL 1, RSTIN, ADEXS 
0.7Voo+0.1 
Voo+0.5 
V 


IlL 
Input current LOW level, Ports 1, 2, 3, 4 
VIN = 0.45 V 
-75 
1IA 


ITL 
Transition current HIGH to LOW, Ports 1, 2, 3, 4 
See note 6 
-750 
1IA 


DC ELECTRICAL 
CHARACTERISTICS 
ANALOG 


AVoo = 5 V (± 10%), AVss = 0 V, Tamb= 0 °c to +70 °c (P8xCE559EBx). 
AVoo = 5 V (± 10%), AVss = 0 V, Tamb= -40 °C to +85 °C (P8xCE559EFx). 
All voltages with respect to Vss unless otherwise specified. 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


AVoo 
Analog supply voltage 
AVoo = Voo ± 0.2 V 
4.5 
5.5 
V 


Analog supply current operating 
Port 5 = 0 to AVoo 
1.2 
mA 


see notes 1 and 2 


Aloo 
Analog supply current operating: 
32 kHzlPLL operation 
Port 5 = Oto AVoo 
7.2 
mA 


see note 17, 18 


Analog supply current Idle Mode 
see notes 1 and 3 
70 
!LA 
Allo 
Analog supply current Idle Mode: 
32 kHzlPLL operation 
see note 17 
6.0 
mA 


Supply current Power-down mode 
2 V < Vpo < Voomax 
50 
1IA 


see note 4 


Alpo 
Supply current Power-down mode: 
32 kHzlPLL operation 
Voo=5.5V 
200 
1IA 


see note 17 


Analog 
Inputs 


AVIN 
Analog input voltage 
AVss-o·2 
AVoo+0.2 
V 


AVREF 
Reference voltage: 


AVREF- 
AVss-D·2 
V 
AVREF+ 
AVoo+0.2 
V 


RREF 
Resistance between AVREF+and AVREF- 
10 
50 
kfl 


CIA 
Analog input capacitance 
15 
pF 


DLe 
Differential non-linearity 9,10,11, 
+1 
LSB 


IL. 
Integral non-linearity 9,12 
±2 
LSB 


OSe 
Offset error 9, 13 
±2 
LSB 


G. 
Gain error 9, 14 
±O,4 
% 


Ae 
Absolute voltage error 9,15 
±3 
LSB 
MCTC 
Channel to channel matching 
±1 
LSB 
Ct 
Crosstalk between inputs of port 5 16 
0-100kHz 
-60 
dB 


NOTES FOR DC ELECTRICAL CHARACTERISTICS: 


1. 
See Figures 55 and 57 through 59 for 100test conditions. 


2. 
The operating supply current is measured with all output pins disconnected; 
XTAL 1 driven with tf = tf = 5ns; V1L= Vss + 0.5 V; VIH = Voo - 0.5 V; XTAL2, XTAL3 not connected; 
EA = RSTIN = Port 0 = -rn = SCL = SDA = SELXTAL 1 = Voo; ADEXS = XTAL4 = Vss· 


3. 
The Idle Mode supply current is measured with all output pins disconnected; 
XTAL 1 driven with tf = tf = 5ns; V1L= Vss + 0.5 V; VIH = Voo - 0.5 V; XTAL2, XTAL3 not connected; 
Port 0 = -rn = SCL = SDA = SELXTAL 1 = Voo; EA = RSTIN = ADEXS = XTAL4 = Vss· 


4. 
The Power-down current is measured with all output pins disconnected; 
XTAL2 not connected; Port 0 = -rn = SCL = SDA = SELXTAL 1 = Voo; EA = RSTIN = ADEXS = XTAL 1 = XTAL4 = Vss. 


5. 
The input threshold voltage of SCL and SDA (SI01) meets the 12Cspecification, so an input voltage below 0.3 Voo will be recognized as a 
logic 0 while an input voltage above 0.7 Voo will be recognized as a logic 1. 


6. 
Pins of ports 1,2,3, 
and 4 source a transition current when they are being externally driven from HIGH to LOW. The transition current reaches 


its maximum value when VIN is approximately 2 V. 


7. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOL of ALE and ports 1, 3 and 4. The noise is 
due to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. 
In the worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed 0.8 V. In such cases, it may be desirable to 
qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


8. 
Capacitive loading on ports 0 and 2 may cause the VOHon ALE and P"SEJilto momentarily fall below the 0.9V DOspecification when the address 
bits are stabilizing. 


9. 
Conditions: AVREF- = 0 V; AVoo = 5.0 V, AVREF+= 5.12 V. Voo = 5.0 V, Vss = 0 V, ADC is monotonic with no missing codes. Measurement 
by continuous conversion of AVIN = -20mV to 5.12 V in steps of 0.5mV, derivating parameters from collected conversion results of ADC. 
ADC prescaler programmed according to the actual oscillator frequency, resulting in a conversion time within the specified range for leonv 
(1511S ... SOilS). 


10. The differential non-linearity (DLe) is the difference between the actual step width and the ideal step width. 


11. The ADC is monotonic; there are no missing codes. 


12. The integral non-linearity (IL.) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 
appropriate adjustment of gain and offset error. 


13. The offset error (OS.) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 


a straight line which fits the ideal transfer curve. The offset error is constant at every point of the actual transfer curve. 


14. The gain error (G.) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing 
offset error), and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. 


15. The absolute voltage error (Ae) is the maximum difference between the center of the steps of the actual transfer curve of the non-ealibrated 


ADC and the ideal transfer curve. 


16. This should be considered when both analog and digital signals are simultaneously input to port 5. 


17. The supply current with 32 kHz oscillator running and PLL operation (SELXTAL 1 = 0) is measured with all output pins disconnected; 
XTAL4 driven with tf = tf = 5ns; VIL = Vss + 0.5 V; VIH = Voo - 0.5 V; XTAL2 not connected; 
Port 0 = -rn = SCL = SDA = Voo; EA = RSTIN = ADEXS = SELXTAL 1 = XTAL 1 = Vss. 


18. Not 100% tested; sum of AIIO (PLL) and AIOO(HF-Qscillator). 


19. The parameter meets the 12Cbus specification for standard-mode 
and fast-mode 
devices. 


20. Not 100% tested. 


30 


100 (mA) 


20 


8 
f(MHz) 


(1) 
Maximum operating mode P89CE559 


(2) 
Maximum operating mode P83CE559/P80CE559 


(3) 
Maximum Idle Mode P89CE559 


(4) 
Maximum Idle Mode P83CE559/P80CE559 


Voo = 5.5 V 
Voo = 5.5 V 
Voo=5.5V 
Voo=5.5V 


Offset 
Gain 
error 
error 
~I~ 


Code 
Out 
6 


0 U 


2 
3 
4 
5 
6 
7 


Offset 
error 
OS. 
{ 
AVREF+-AVAEF-} 
1 LSB = 
1024 


(1) 
Example of an actual transfer curve. 


(2) 
The ideal transfer curve. 


(3) 
Differential non-linearity (Ole). 


(4) 
Integral non-linearity (lle). 
(5) 
Center of a step of the actual transfer curve. 


AC ELECTRICAL 
CHARACTERISTICS 


VDD= 5 V ± 10% (EBx), VSS = 0 V, !eLK min = l/fmax 
(maximum operating frequency) 
VDD= 5 V ± 10% (EFx), Vss = 0 V, !eLK min = l/fmax 
(maximum operating frequency) 


Tamb= 0 °c to +70 °c, !eLK min = 63 ns for P8xCE559EBx 
Tamb= -40 °c to +85 °C, !eLK min = 63 ns for P8xCE559EFx 
C1 = 100 pF for Port 0, ALE and J5SEIiI ; C1 = 80 pF for all other outputs unless otherwise specified. 


12MHzCLOCK 
16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
UNIT 


l/!eLK 
60 
System clock frequency 
3.5 
16 
MHz 


tLHLL 
60 
ALE pulse width 
127 
85 
2lcLK-40 
ns 


tAVLL 
60 
Address valid to ALE LOW 
43 
23 
!eLK-40 
ns 


tLLAX 
60 
Address hold after ALE LOW 
53 
33 
!eL,,30 
ns 


tLLlV 
60 
ALE LOW to valid instruction in 
234 
150 
4tCL,,100 
ns 


tLLPL 
60 
ALE LOW to J5SEIiI LOW 
53 
33 
tCL,,30 
ns 


tpLPH 
60 
J5SEIiI pulse width 
205 
143 
3!eLK-45 
ns 


tPLIV 
60 
J5SEIiI LOW to valid instruction in 
145 
83 
3!eL,,105 
ns 


tpXIX 
60 
Input instruction hold after J5SEIiI 
0 
0 
0 
ns 


tPXIZ 
60 
Input instruction float after J5SEIiI 
59 
38 
tCL,,25 
ns 


tAVIV 
60 
Address to valid instruction in 
312 
208 
5tCL,,105 
ns 


tpLAZ 
60 
J5SEIiI LOW to address float 
10 
10 
10 
ns 


Data Memory 


tAVLL 
61,62 
Address valid to ALE LOW 
43 
23 
tCLK-40 
ns 


tLLAX 
61,62 
Address hold after ALE LOW 
48 
28 
tCL,,35 
ns 


tRLRH 
61 
"RUpulse width 
400 
275 
6!eL,,100 
ns 


tWLWH 
62 
WR pulse width 
400 
275 
6tCL,,100 
ns 


tRLDV 
61 
"RULOW to valid data in 
252 
148 
5!eL,,165 
ns 


tRHDX 
61 
Data hold after"RU 
0 
0 
0 
ns 


tRHDZ 
61 
Data float after "RU 
97 
55 
2lcLK-70 
ns 


tLLDV 
61 
ALE LOW to valid data in 
517 
350 
8!eL,,150 
ns 


tAVDV 
61 
Address to valid data in 
585 
398 
9tCL,,165 
ns 


tLLWL 
61,62 
ALE LOW to "RUor WR LOW 
200 
300 
138 
238 
3!eL,,50 
3!eLK+50 
ns 


tAVWL 
61,62 
Address valid to WR LOW or "RULOW 
203 
120 
4!eL,,130 
ns 


lovwx 
62 
Data valid to WR transition 
33 
13 
!eL,,50 
ns 


IovwH 
62 
Data before WR 
433 
288 
7tCL,,150 
ns 


tWHQX 
62 
Data hold after WR 
33 
13 
!eL,,50 
ns 


tRLAZ 
61 
"RUlow to address float 
0 
0 
0 
ns 


tWHLH 
61,62 
"RUor WR HIGH to ALE HIGH 
43 
123 
23 
103 
tCLK-40 
tCLK+40 
ns 


UART Timing - Shift Register 
Mode (Test Conditions: Tamb= 0 °C to +70 °C; Vss = 0 V; Load Capacitance = 80pF) 


tXLXL 
64 
Serial port clock cycle time 
1.0 
0.75 
12lcLK 
IlS 


IovXH 
64 
Output data setup to clock rising edge 
700 
492 
10!eL,,133 
ns 


tXHQX 
64 
Output data hold after clock rising edge 
50 
8 
2!eL,,117 
ns 


tXHDX 
64 
Input data hold after clock rising edge 
0 
0 
0 
ns 


tXHDV 
64 
Clock rising edge to input data valid 
700 
492 
10!eL,,133 
ns 


SYMBOL 
PARAMETER 
Standard-mode 
Fast-mode 
UNIT 


12C-bus 
12C-bus 


MIN 
MAX 
MIN 
MAX 


12C Interface 
timing 
(refer 
to Figure 
63) 


fSCl 
SCl clock frequency 
0 
100 
0 
400 
kHz 


tBUF 
Bus free time between a STOP and START condition 
4.7 
- 
1.3 
- 
~s 


tHO;STA 
Hold time (repeated) START condition. After this period, the 
4.0 
- 
0.6 
- 
~s 
first clock pulse is generated 


!Low 
lOW period of the SCl clock 
4.7 
- 
1.3 
- 
~s 


!HIGH 
High period of the SCl clock 
4.0 
- 
0.6 
- 
I-lS 


tsu; STA 
Set-up time for a repeated START condition 
4.7 
- 
0.6 
- 
I-ls 


tHO;OAT 
Data hold time; 
I-ls 
for CBUS competible masters (see Section 9, Notes 1, 3) 
5.0 
- 
- 
for 12e-bus devices 
0' 
0' 
0.92 


tsu; OAT 
Data set-up time 
250 
- 
10()3 
- 
ns 


tFD, tFe 
Rise time of both SDA and SCl signals 
- 
1000 
20+ 
300 
ns 
0.1Cb4 


tFD, tFC 
Fall time of both SDA and SCl signals 
- 
300 
20+ 
300 
ns 
0.1Cb4 


tsu; STO 
Set-up time for STOP condition 
4.0 
- 
0.6 
- 
~ 


Cb 
Capacitive load for each bus line 
- 
400 
- 
400 
pF 


lsp 
Pulse width of spikes which must be suppressed by the input 
- 
- 
0 
50 
ns 
filter 


All values referred to V1Hand Vil maxlevels. 


NOTES: 
1. A device must internally provide a hold time of at least 300 ns from the SDA signal (referred to the VIH minof the SCl signal) in order to 
bridge the undefined region of the falling edge of SCL. 


2. 
The maximum !HO,OAThas only to be met if the device does not stretch the lOW period (!Low) of the SCl signal. 


3. 
A fast-mode 
12e-bus device can be used in a standard-mode 
12e-bus system, but the requirement tSU.OAT~ 250 ns must then be met. This 
will automatically be the case if the device does not stretch the lOW period of the SCl signal. If such a device does stretch the lOW period 
of the SCl signal, it must output the next data bit to the SDA line tRmax+ tSU,OAT= 1000 + 250 = 1250 ns (according to the standard-mode 
12C-bus specification) before the SCl line is released. 
4. 
Cb = total capacitance of one bus line in pF. 


VARIABLE 
CLOCK 
SYMBOL 
PARAMETER 
fClK = 3.5 to 16 MHz 
UNIT 


MIN 
MAX 


!elK 
XTAL1 Period 
63 
286 
ns 


!elKH 
XTAl1 
HIGH time 
20 
- 
ns 


!elKl 
XTAL1 lOW time 
20 
- 
ns 


!elKR 
XTAL1 rise time 
- 
20 
ns 


!elKF 
XTAL1 fall time 
- 
20 
ns 


!eVC 1) 
Controller cycle time 
0.75 
3.4 
I-lS 


2'4V=X2'OV~ _2.0V>C 
Teet Point. 


0.8 V ..- 
--.. 
0.8 V 


0.45 
V 
'--------~ 


NOTE, 
AC I'lputs 
during 
testing 
are driven 
at 2.4V to( a logic 'HIGH' 
and O.45V for a logic 


'LOW. 
TltT1ing measurements 
are made at 2.0V 
for a logic 'HIGH' 
and 0.8 V for a 


logic 'LOW. 


w=j 


2.0 V 


0.45 V 
o.a V 


NOTe, 
The float state 
is defined 
as the point at whk:h 
a port 0 pi'l sinks 
3.2mA 
or 
sources 
400tJA 
at the voltage 
lest levels. 


tavwx 


taVWH 


(7T cond~1on 
) 


O.7VDD 


O.3VDD 


ISU;DAT3 


ISU:DAT2 


OUTPUT 
DATA 
, 
,, 


WRITE 
TO SBUF 


INPUT DATA 
~' 


CLEAR 
RI 


_11_ 
{ALE 
•••••Id_llllor 
WIl •• 
_ 


::r:_ 
}:m 
Iromo_ 
-1MnlorY 


}WR 


L~2 
I 
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Port 2 
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fromo_ 
-1MnlorY 


_or 
_010_- 
memory 
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i 
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PORT 
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_ 
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CLOCK 


Purchase of Philips 12Ccomponents conveys a license under the Philips' 12Cpatent 
to use the components in the 12C system provided the system conforms to the 
12Cspecifications defined by Philips. This specification can be ordered using the 
code 9398 393 40011. 


Single-chip 
8-bit microcontroller 
with 8-bit AID, capture/compare 
timer, high-speed 
outputs, 
PWM 


DESCRIPTION 
FEATURES 
PINCONFIGURATION 


The 80C562183C562 (hereafter generically 
• 80C51 instruction set 


referred to as 8XC562) Single-Chip 8-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the 80C51 microcontroller family. The 
83C562183C562 has the same instruction set 
as the 80C51 . 


The 8XC562 contains a non-volatile 256 x 8 
read-only program memory, a volatile 256 x 8 
read/write data memory (83C562) (the 
80C562 is ROMless), a volatile 256 x 8 
read/write data memory, six 8-bitl/O 
ports, 
two 16-bittimer/event 
counters (identical to 


the timers of the 80C51), an additional 16-bit 
timer coupled to capture and compare 
latches, a 15-source, two-priority-Ievel, 
nested interrupt structure, an 8-input ADC, 
two pulse width modulated outputs, standard 
80C51 UART, a "watchdog" timer and on-chip 
oscillator and timing circuits. For systems that 
require ex1ra capability, the 83C562 can be 
expanded using standard TTL compatible 
memories and logic. 


The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-by1e, 45 two-by1e and 17 
three-by1e. With a 12MHz crystal, 58% of the 
instructions are executed in 1~s and 40% in 
2~. 
Multiply and divide instructions require 


4~s. 


• 8k x 8 ROM expandable externally to 


64k by1es 


• 256 x 8 RAM, expandable extemally to 


64k by1es 


• Two standard 16-bit timer/counters 


• An additional 16-bittimer/counter 
coupled 
to four capture registers and three compare 
registers 


• Capable of producing eight synchronized, 


timed outputs 


• An 8-bit ADC with eight multiplexed analog 
inputs 


• Two 8-bit resolution, pulse width modulated 


outputs 


• Five 8-bill/O 
ports plus one 8-bit input port 


shared with analog inputs 


• Full-duplex UART compatible with the 


standard 80C51 


• On-ehip watchdog timer 


• Three temperature ranges 


- 
0 to +70°C 


- -40 to +85°C 


- -40 to +125°C 


Pin 
Function 
Pin 
Function 


1 
P5.O/ADeO 
35 
XTAL1 


2 
Voo 
36 
Vss 


3 
STADe 
37 
vss 


4 
PWml 
36 
NC 
5 
PWMT 
39 
P2.O/AOS 


6 
EW 
40 
P2.1JA09 


7 
P4.o/CMSRO 
41 
P2.21A10 


8 
P4.1JCMSR1 
42 
P2.31A11 
9 
P4.21CMSR2 
43 
P2.41A12 
10 
P4.3ICMSR3 
44 
P2.SlA13 


11 
P4.4ICMSR4 
45 
P2.61A14 
12 
P4.5ICMSR5 
46 
P2.7/A15 
13 
P4.6ICt.4TO 
47 
PSER 
14 
P4.7/CMT1 
48 
ALE 
15 
RST 
49 
ElL: 
16 
P1.OICTOI 
50 
PO.7JA07 
17 
P1.1JCnl 
51 
PO.61A06 
16 
P1.2ICT21 
52 
PO.SlADS 
19 
P1.3ICT31 
53 
PO.41A04 


20 
P1.4IT2 
54 
PO.31A03 
21 
P1.5IRT2 
55 
PO.21A02 
22 
P1.6 
56 
PO.lIADI 
23 
P1.7 
57 
PO.O/AOO 
24 
P3.OIRxD 
58 
AVref- 
25 
P3.1ffxD 
59 
AVref+ 
26 
P3.2JIm1j 
60 
AVSS 
27 
P3.3IINIT 
61 
AVOC 
28 
P3.4IT0 
62 
P5.7JADC7 
29 
P3.5fT1 
63 
P5.61A0C6 
30 
P3.6IWR 
64 
P5.SlADC5 
31 
P3.7JRO 
65 
P5.41ADC4 
32 
NC 
66 
P5.31ADC3 
33 
NC 
67 
P5.21ADC2 
34 
XTAL2 
68 
P5.1JADC1 


SU00224 


PHILIPS PART 
ORDER NUMBER 
PHILIPS NORTH AMERICA 
TEMPERATURE 
PART MARKING 
PART ORDER NUMBER 
RANGEoC 


Drawing 
Drawing 
AND PACKAGE 
FREQ 
ROMless 
ROM 
ROM less 
ROM 
Number 
EPROM 
Number 
MHz 


PCB80C562- 
PCB83C562- 
S80C562-4A68 
S83C562-4A68 
SOT188 
S87C552-4A682 
SOT188-3 
o to +70, Plastic 
16 
16WP 
16WP/xxx 
Leaded Chip Carrier 
o to +70, Plastic 


S87C552-4K682 
1473A 
Leaded Chip Carrier 
16 
wlWindow 


PCF80C562- 
PCF83C562- 
S80C562-2A68 
S83C562-2A68 
SOT188 
S87C552-5A682 
SOT188-3 
-40 to +85, Plastic 
12 
12WP 
12WP/xxx 
Leaded Chip 
Carrier 


-40 to +85, Plastic 


S87C552-5K682 
1473A 
Leaded Chip Carrier 
12 
wlWindow 


PCA80C562- 
PCA83C562- 
S80C562-6A68 
S83C562-6A68 
SOT188 
-40 to +125, Plastic 
12 
12WP 
12WP/xxx 
Leaded Chip Carrier 


NOTES: 
1. 80C562 and 83C562 frequency range is 1.2MHz-12MHz 
or 1.2MHz-16MHz. 
2. 
87C552 frequency range is 3.5MHz-16MHz. 
For full specification, see the 87C552 data sheets. 
3. 
xxx denotes the ROM code number. 
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SERIAL 


UART 
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FOUR 
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T2 
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TIMER! 
EVENT 


COUNTERS 


T2 
f--+ 
'?~ 
16-BIT 
I _ 
COMPARATOR 


..,.... 
COMPARATORS,.. 
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WITH 
f--+ 
SELECTION 


REGISTERS 


T3 
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IT] ALTERNATE 
FUNCTION 
OF PORT 
0 
Q] ALTERNATE 
FUNCTION 
OF PORT 
1 
o ALTERNATE 
FUNCTION 
OF PORT 
2 


IT] 
ALTERNATE 
FUNCTION 
OF PORT 
3 


CD 
ALTERNATE 
FUNCTION 
OF PORT 
4 


[}] 
ALTERNATE 
FUNCTION 
OF PORT 
5 


MNEMONIC 
PIN NO. 
TYPE 
NAME AND FUNCTION 


VOO 
2 
I 
Digital 
Power Supply: 
+5V power supply pin during normal operation, idle and power-down mode. 


STADC 
3 
I 
Start ADC Operation: 
Input starting analog to digital conversion (ADC operation can also be started 


by software). 


PWMll 
4 
0 
Pulse Width Modulation: 
Output O. 


J5WMl 
5 
0 
Pulse Width Modulation: 
Output 1. 


EW 
6 
I 
Enable Watchdog 
Timer: 
Enable for T3 watchdog timer and disable power-down mode. 


PO.o-PO.7 
57-50 
1/0 
Port 0: Port 0 is an B-bit open-drain bidirectional 1/0 port. Port 0 pins that have 1s written to them float 
and can be used as high-impedance 
inputs. Port 0 is also the multiplexed low-order address and data 


bus during accesses to extemal program and data memory. In this application it uses strong intemal 
pull-ups when emitting 1s. 


P1.o-P1.7 
16--23 
I/O 
Port 1: B-bit 1/0 port. Altemate functions include: 


16--23 
1/0 
(P1.o-P1.7): 
Quasi-bidirectional 
port pins. 


16--19 
1/0 
CTOI-CT31 (P1.o-P1.3): 
Capture timer input signals for timer T2. 
20 
I 
T2 (P1.4): T2 event input 


21 
I 
RT2 (P1.5): T2 timer reset signal. Rising edge triggered. 


P2.o-P2.7 
39-46 
1/0 
Port 2: B-bit quasi-bidirectional 
I/O port. 


Altemate func1ion: High-order address by1efor extemal memory (A06--A 15). 


P3.o-P3.7 
24--31 
1/0 
Port 3: B-bit quasi-bidirectional 
1/0 port. Altemate functions include: 
24 
RXD(P3.0): Serial input port. 
25 
TxD (P3.1): Serial output port. 


26 
IRTll (P3.2): External interrupt. 


27 
!RTf (P3.3): External interrupt. 


2B 
TO (P3.4): Timer 0 external input. 


29 
T1 (P3.5): Timer 1 external input. 


30 
WR (P3.6): External data memory write strobe. 
31 
AD (P3.7): External data memory read strobe. 


P4.o-P4.7 
7-14 
1/0 
Port 4: B·bit quasi-bidirectional 
1/0 port. Alternate functions include: 


7-12 
0 
CMSRD-CMSR5 
(P4.o-P4.5): 
Timer T2 compare and seVreset outputs on a match with timer T2. 


13,14 
0 
CMTO, CMT1 (P4.6, P4.7): Timer T2 compare and toggle outputs on a match with timer T2. 


P5.o-P5.7 
66--62, 
I 
Port 5: B-bit input port. 


1 
ADCo-ADC7 
(P5.o-P5.7): 
Alternate function: Eight input channels to ADC. 


RST 
15 
1/0 
Reset: Input to reset the B7C552. It also provides a reset pulse as output when timer T3 overflows. 


XTAL1 
35 
I 
Crystal 
Input 1: Input to the inverting amplifier that forms the oscillator, and input to the internal clock 


generator. Receives the external clock signal when an external oscillator is used. 


XTAL2 
34 
0 
Crystal 
Input 2: Output of the inverting amplifier that forms the oscillator. Left open-drcuit 
when an 


external clock is used. 


Vss 
36,37 
I 
Digital ground. 


J5Srn 
47 
0 
Program 
Store Enable: Active-low read strobe to external program memory. 


ALE 
4B 
0 
Address 
Latch Enable: 
Latches the low by1e of the address during accesses to external memory. It is 


activated every six oscillator periods. During an external data memory access, one ALE pulse is 
skipped. ALE can drive up to eight LS TIL 
inputs and handles CMOS inputs without an external 


pull-up. 


EA 
49 
r 
EX1ernal Access: 
When EA is held at TIL level high, the CPU executes out of the internal program 


ROM provided the program counter is less than B192. When EA is held at TIL low level, the CPU 
executes out of external program memory. EA is not allowed to float. 


AVREF- 
5B 
I 
Analog 
to Digital Conversion 
Reference 
Resistor: 
Low-end. 


AVREF+ 
59 
I 
Analog to Digital Conversion 
Reference 
Resistor: 
High-end. 


AVss 
60 
I 
Analog 
Ground 


AVOD 
61 
I 
Analog 
Power Supply 


NOTE: 
1. To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher or lower than Voo +O.5V or Vss - 0.5V, 


respectively. 


OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol. 


To drive the device from an extemal clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the 
external clock signal, because the input to 
the internal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To ensure a good power-on reset, 
the RST pin must be high long enough to 
allow the oscillator time to start up (normally 
a few milliseconds) plus two machine cycles. 
At power-on, the voltage on Voo and RST 
must come up at the same time for a proper 
start-up. 


IDLE MODE 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 


remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 


In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-Chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. the 
control bits for the reduced power modes are 
in the special function register PCON. Table 1 
shows the state of the 1/0 ports during low 
current operating modes. 


PROGRAM 
PWMOI 
MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 
PORT 4 
PWM1 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 
Data 
High 


Idle 
Extemal 
1 
1 
Float 
Data 
Address 
Data 
Data 
High 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 
Data 
High 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 
Data 
High 


PARAMETER 
RATING 
UNIT 


Voltage on any other pin to Vss 
-{).5 to +6.5 
V 


Input, output DC current on any single 1/0 pin 
5.0 
mA 


Power dissipation (based on package heat transfer limitations, not device power consumption) 
1.0 
W 


Storage temperature range 
~5to+150 
°C 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


vss, AVss; 
OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VOO 
Supply voltage 
PCB8XC562 
4.0 
6.0 
V 
PCF8XC562 
4.0 
6.0 
V 
PCA8XC562 
4.5 
5.5 
V 


100 
Supply current operating: 
See notes 1 and 2 


PCB8XC562 
lose; 
16MHz 
45 
mA 
PCF8XC562 
lose; 
12MHz 
34 
mA 
PCA8XC562 
lose; 
12MHz 
30 
mA 


110 
Idle mode: 
See notes 1 and 3 


PCB8XC562 
lose; 
16MHz 
10 
mA 
PCF8XC562 
lose; 
12MHz 
8 
mA 
PCA8XC562 
lose; 
12MHz 
7 
mA 


Ipo 
Power-down current: 
See notes 1 and 4; 


2V < Vpo < Voo max 
PCBaXC562 
50 
llA 


PCF8XC562 
50 
llA 


PCA8XC562 
100 
llA 


Inputs 


VIL 
Input low voltage, except Ei!: 
-{).5 
0.2Voo-{)·1 
V 


VIL1 
Input low voltage to Ei!: 
-{).5 
0.2Voo-{)·3 
V 


VIH 
Input high voltage, except XTAL1, RST 
0.2Voo+0.9 
Voo+0.5 
V 


VIH1 
Input high voltage, XTAL1, RST 
O·7Voo 
Voo+0.5 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 4 
V1N; 
0.45V 
-50 
llA 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3, 4 
See note 5 
-650 
llA 


±11L1 
Input leakage current, port 0, Ei!:, STADC, EW 
0.45V < VI < Voo 
10 
llA 


Outputs 


VOL 
Output low voltage, ports 1, 2, 3, 4 
IOL; 1.6mA6 
0.45 
V 


VOL1 
Output low voltage, port 0, ALE, f'SElil, PWMll, 'F"WMl 
IOL; 3.2mA6 
0.45 
V 


VOH 
Output high voltage, ports 1, 2, 3, 4 
Voo+5V±10% 


-IOH; 
60llA 
2.4 
V 


-IOH;251'A 
0.75Voo 
V 


-IOH; 
10llA 
0.9Voo 
V 


VOHl 
Output ~tMoltp&iJ~r 
0 in extemal bus mode, ALE, 
f'SElil, 
, 
Voo+5V±10% 
-IOH ; 400llA 
2.4 
V 


-IOH ; 150llA 
0.75Voo 
V 


-IOH; 
40llA 
0.9Voo 
V 


VOH2 
Output high voltage (RST) 
-IOH ; 400llA 
2.4 
V 


-IOH ; 120llA 
0.8Voo 
V 


RRST 
Intemal reset pUll-down resistor 
50 
150 
kn 


CIO 
Pin capacitance 
Test Ireq ; 1MHz, 
10 
pF 


Tamb; 25°C 


TEST 
LIMITS 
I 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
I 
MAX 
I UNIT 


Analog 
Inputs 


AVoo 
Analog supply voltage: 


PCB8XC562 
AVoo = Voo±O·2V 
4.0 
6.0 
V 


PCF8XC562 
AVoo = Voo±O·2V 
4.0 
6.0 
V 


PCA8XC562 
AVoo = Voo±O·2V 
4.5 
5.5 
V 


A100 
Analog supply current: operating: 
Port 5 = 0 to AVoo 
1.2 
mA 


Allo 
Idle mode: 


PCB8XC562 
50 
ItA 


PCF8XC562 
50 
ItA 


PCA8XC562 
100 
ItA 


Alpo 
Power-down mode: 
2V < AVpo < AVoo max 
PCB8XC562 
50 
ItA 


PCF8XC562 
50 
ItA 


PCA8XC562 
100 
ItA 


AVIN 
Analog input voltage 
'. 
I 
AVss-O·2 
AVoo+0.2 
V 


AVREF 
Reference voltage: 
AVREF- 
AVss-O·2 
V 


AVREF+ 
AVoo+0.2 
V 


RREF 
Resistance between AVREF+and AVREF- 
5 
25 
kn 


CIA 
Analog input capacitance 
15 
pF 


tAOS 
Sampling time 
6tey 
I's 


tAOC 
Conversion time (including sampling time) 
24tey 
1'5 


DLe 
Differential non-linearityB, 9, 10 
±1 
LSB 


IL. 
Integral non-linearityB, 11 
" 
±1 
LSB 


OS. 
Offset error<!,12 
- 
±1 
LSB 


G. 
Gain error<!,13 
0.4 
% 


MCTC 
Channel to channel matching 
±1 
LSB 


Ct 
Crosstalk between inputs of port 5'4 
D-100kHz 
-60 
dB 


NOTES: 
1. See Figures 8 through 12 for 100test conditions. 
2. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with tr = tf = 10ns; VIL = Vss + 0.5V; 


VIH = Voo - 0.5V; XTAL2 not connected; EA = RST = Port 0 = EW = Voo; STADC = Vss. 
3. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t,.= tf = 10ns; VIL = Vss + 0.5V; 


VIH = Voo - 0.5V; XTAL2 not connected; Port 0 = EW = Voo; EA = RST = STADC = Vss. 


4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = EW = Voo; 


EA = RST = STADC = XTAL 1 = Vss. 


5. 
Pins of ports 1, 2, 3, and 4 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 
6. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed O.BV.In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 


7. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall below the 0.9Voo specification when the 
address bits are stabilizing. 


B. Conditions: AVREF- = OV; AVoo = 5.0V, AVREF+= 5.12V. ADC is monotonic with no missing codes. 
9. The differential non-linearity (DLe) is the difference between the actual step width and the ideal step width. (See Figure 1.) 
10. The ADC is monotonic; there are no missing codes. 
11. The integral non-linearity (ILe) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 
appropriate adjustment of gain and offset error. (See Figure 1.) 
12. The offset error (OS.) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 
a straight line which fits the ideal transfer curve. (See Figure 1.) 
13. The gain error (G.) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error), 


and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. (See Figure 1.) 
14.This should be considered when both analog and digital signals are simultaneously input to port 5. 


Offset 
Gain 
efror 
error 
~I~ 
255 


254 


253 


252 


251 


250 


t 


Code 
Out 


u 


(1) 
Example 
of an actual 
transfer 
curve. 
(2) 
The ideallransfer curve. 


(3) 
Differential 
non-linearity 
(O~). 


(4) 
Integral non-linearity 
(ILe). 


(5) 
Cenler of a step of the actual transfer curve. 


{ 
, 
LSB = 
AVREF+ - AVREF-} 


256 


12MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1!tcLCL 
2 
Oscillator frequency 
1.2 
16 
MHz 


'LHLL 
2 
ALE pulse width 
127 
2lcLCL-40 
ns 


tAVLL 
2 
Address valid to ALE low 
28 
IcLCL-55 
ns 


'LLAX 
2 
Address hold after ALE low 
48 
IcLCL-35 
ns 


'Luv 
2 
ALE low to valid instruction in 
234 
4lcLCL-100 
ns 


'LLPL 
2 
ALE low to J5SEI'llow 
43 
IcLCL-40 
ns 


tPLPH 
2 
J5SEI'l pulse width 
205 
3lcLCL-45 
ns 


tpuv 
2 
J5SEI'llow to valid instruction in 
145 
3lcLCL-105 
ns 


tPXIX 
2 
Input instruction hold after J5SEI'l 
0 
0 
ns 


tpXIZ 
2 
Input instruction float after J5SEI'l 
59 
IcLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
312 
5lcLCL-105 
ns 


tpLAZ 
2 
J5SEI'llow to address float 
10 
10 
ns 


Data Memory 


tAVLL 
3,4 
Address valid to ALE low 
43 
IcLCL-35 
ns 


tRLRH 
3 
1m pulse width 
400 
6lcLCL-100 
ns 


tWLWH 
4 
WR pulse width 
400 
6lcLCL-100 
ns 


tRLOV 
3 
1m low to valid data in 
252 
5lcLCL-165 
ns 


tRHOX 
3 
Data hold after 1m 
0 
0 
ns 


tRHOZ 
3 
Data float after 1m 
97 
2lcLCL-70 
ns 


hov 
3 
ALE low to valid data in 
517 
8lcLCL-150 
ns 


tAvoV 
3 
Address to valid data in 
585 
9lcLCL-165 
ns 


'LLWL 
3,4 
ALE low to 1m or WR low 
200 
300 
3lcLCL-50 
3lcLCL+50 
ns 


tAvwL 
3,4 
Address valid to WR low or 1m low 
203 
4lcLCL-130 
ns 


tavwx 
4 
Data valid to WR transition 
23 
lcLCL~O 
ns 


tow 
4 
Data before WR 
433 
7lcLCL-150 
ns 


tWHQX 
4 
Data hold after WR 
33 
lcLCL-50 
ns 


tRLAZ 
3 
1m low to address float 
0 
0 
ns 


tWHLH 
3,4 
1m or WR high to ALE high 
43 
123 
lcLCL-40 
lcLCL+40 
ns 


External 
Clock 


lcHCX 
5 
Hightime3 
20 
20 
ns 


lcLCX 
5 
Lowtime3 
20 
20 
ns 


lcLCH 
5 
Rise time3 
20 
20 
ns 


lcHCL 
5 
Falltime3 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and J5SEI'l= 100pF, load capacitance for all other outputs = 80pF. 


3. 
These values are characterized but not 100% production tested. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - 
Output data 
first character is always or (= time). The other 
R - 
'ROsignal 


characters, depending on their positions, 
t 
- 
Time 


indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W - 
WR signal 


A - 
Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Float 


D - 
Input data 
Examples: 
tAVLL= Time for address valid 


H - 
Logic level high 
to ALE low. 


I 
- 
Instruction (program memory contents) 
tLLPL= Time for ALE low to 


L - 
Logic level low, or ALE 
'PSEJillow. 


P - 
'PSEJil 


2.4V=X2.0V"IIIIF-- 
~2.0V>C 
Test Points 


O.8V"'- 
-.. 
O.8V 
O.4SV 
---- 
~ 


NOTE: 
AC inputs 
during 
testing 
are driven 
at2.4V 
for a logic '1' and O.45V for a logic '0'. 


Timing 
measurements 
are made 
at2.0V 
for a logic '1' and O.8V for a logic 
'0'. 


Float 
2.4V 
2.4V 


r\.2.0V 
2.0~ 


0.45V 
Vo.av 
oa> 


0.45V 


NOTE: 
The float state 
is defined 
as the point at which 
a port 0 pin sinks 
3.2mA 
or 
sources 
400IJA at the voltage 
test levels. 


SU00216 


NOTE: 
These values are veJidonly within the frequency 
specfficaUons of the device under teat. 


/ 
/ 
/ 
/ 
/ 
/ 
----.-- 
/ 
---- 


..... 


/ 
---- --- 
....•- -- 
(1) 
Maximum 
operating 
mode; 
VOO = 6V 


(2) 
Maximum 
operating 
mode; 
VOO = 4V 


(3) 
Maximum 
Idle mode; 
VOO = 6V 


(4) 
Maximum 
idle mode; 
VOO = 4V 


XTAU 


VSS 


STADe 


Figure 9. 100Test Condition, 
Active Mode 
All other pins are disconnected 


AVss 


AVref 


Figure 10. 100Test Condition, 
Idle Mode 
All other pins are disconnected 


VO[)-C·5 
- - - - 


O.5V 
teHC 


ICLCH 


Figure 11. 
Clock Signal Waveform for IDD 
Tests in Active and Idle Modes 


lcLCH = lcHCL = 10ns 


RST 
STADe 


- 


(NC) 
XTAl2 
];I; 


XTALl 
AVSS 


Vss 
AVref 


Figure 12. 
100 Test Condition, Power Down Mode 
All other pins are disconnected. Voo = 2V to 5.5V 


Philips Semiconductors 


DESCRIPTION 
The Philips BOC575/B3C575/B7C575 is a 
high-performance 
microcontroller fabricated 


with Philips high-density CMOS technology. 
The Philips CMOS technology combines the 
high speed and density characteristics of 
HMOS with the low power attributes of 
CMOS. Philips epitaxial substrate minimizes 
latch-up sensitivity. 


The 8XC575 contains an 8k x 8 ROM 
(83C575) EPROM (B7C575), a 256 x 8 RAM, 
32 I/O lines, three 16-bit counterltimers, 
a 
Programmable Counter Array (PCA), a 
seven-source, two-priority level nested 
interrupt structure, an enhanced UART, four 
analog comparators, power-fail detect and 
oscillator fail detect circuits, and on-chip 
oscillator and clock circuits. 


In addition, the BXC575 has a low active 
reset, and the port pins are reset to a low 
level. There is also a fully configurable 
watchdog timer, and intemal power on clear 
circuil. The part includes idle mode and 
power-down mode states for reduced power 
consumption. 


FEATURES 


• 80C51 based architecture 


- 
Bk x B ROM (83C575) 


- 
Bk x 8 EPROM (87C575) 


- 
ROMless (80C575) 


- 
256xBRAM 


- 
Three 16-bit counter/timers 


- 
Programmable Counter Array 


- 
Enhanced UART 


- 
Boolean processor 


- 
Oscillator fail detect 


- 
Low active reset 


- 
Asynchronous low port reset 


- 
Schmitt trigger inputs 


- 
4 analog comparators 


- 
Watchdog timer 


- 
Low Vcc detect 


• Memory addressing capability 


- 
64k ROM and 64k RAM 


• Extended temperature ranges 


• OTP package available 


CMPO+IP1.0IT2 
1 


CMPO-IP1.1fT2EX 
2 


CMPOICEXM'1.3 
4 


CMP'/CEX11P1.4 
5 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 


CMP2+JWRIP3.61 


CMP3+!R01P3.7 


• CMOS and TIL compatible 


• 4.0 to 16MHz 


6 
1 
40G 


7 
39 


17 
LCC 


29 


18 
28 


44 
34'8 


33 


PQFP 


l' 
23 


ROMless 
ROM 
EPROM1 
TEMPERATURE 
RANGE °C AND PACKAGE 
FREQ 
DRAWING 
(MHz) 
NUMBER 


P80C575EBPN 
P83C575EBPN 
P87C575EBPN 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
16 
SOT129-1 


P80C575EBAA 
P83C575EBAA 
P87C575EBAA 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
16 
SOT187-2 


PB7C575EBFFA 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package 
16 
0590B 


P87C575EBL KA 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier 
16 
1472A 


P80C575EHPN 
PB3C575EHPN 
P87C575EHPN 
OTP 
-40 to +125, 40-Pin Plastic Dual In-line Package 
16 
SOT129-1 


P80C575EHAA 
PB3C575EHAA 
P87C575EHAA 
OTP 
-40 to +125, 44-Pin Plastic Leaded Chip Carrier 
16 
SOT187-2 


P87C575EHFFA 
UV 
-40 to +125, 40-Pin Ceramic Dual In-line Package 
16 
0590B 


P80C575EBB B 
PB3C575EBB B 
P87C575EBBB 
OTP 
o to +70, 44-Pin Plastic Quad Flat Pack 
16 
SOT307-2 


CERAMIC 
AND PLASTIC 
LEADED 
CHIP CARRIER 
PIN FUNCTIONS 


Pin 
Function 


1 
NC· 


2 
T2IP1.0/CMPO+ 


3 
T2EXlP1.lICMPo- 


4 
Pl.2lECI 
5 
P1.31CMPOICEXo 


6 
P1.41CMPlICEX1 


7 
P1.5/CMP2ICEX2 
8 
P1.61CMP3ICEX3 
9 
Pl.7/CEX4 


10 
RST 
l' 
RxD/P3.0 


12 
NC· 
13 
TxD1P3.1 
14 
INTOIP3.2 


15 
1NT11P3.3 


16 
TOIP3.4/CMPR- 


17 
Tl/P3.5/CMP1+ 


18 
WRiP3.61CMP2+ 


19 
RU/P3.7/CMP3+ 
20 
XTAL2 


21 
XTAL1 
22 
VSS 


Pin 
Function 


23 
NC· 
24 
P2.o/AB 
25 
P2.lIA9 
26 
P2.21Alo 
27 
P2.31A" 
28 
P2.4/A12 
29 
P2.5/A13 


30 
P2.61A14 


31 
P2.7/A15 
32 
!'SEll 
33 
ALEII'ROO 


34 
NC· 


35 
EJWpp 


36 
PO.l/AD? 
37 
Po.61AD6 
38 
Po.5JAD5 
39 
Po.4/AD4 
40 
Po.31AD3 
41 
Po.21AD2 


42 
PO.lIADl 
43 
Po.OIADo 
44 
Vcc 


XTALl[4. 


PLASTIC 
QUAD FLAT PACK 
PIN FUNCTIONS 


Pin 
Function 
1 
P1.5/CMP2ICEX2 
2 
P1.61CMP3ICEX3 
3 
P1.7/CEX4 
4 
RST 


5 
RxO/P3.0 
6 
NC· 


7 
TxD1P3.1 
8 
1l'IT0IP3.2 
9 
1l'IT11P3.3 
10 
T0IP3.4ICMPR- 
'1 
Tl!P3.51CMP1+ 
12 
WRiP3.61CMP2+ 
13 
RUIP3.7CMP3+ 
14 
XTAL2 
15 
XTAL1 


16 
VSS 
17 
NC· 
18 
P2.o/A8 
19 
P2.1/A9 
20 
P2.21A1o 
21 
P2.31All 


22 
P2.4/A12 


Pin 
Function 
23 
P2.5/A13 
24 
P2.61A14 
25 
P2.7/A15 
26 
!'SEll 
27 
ALEII'ROO 


28 
NC· 
29 
E7VVpp 


30 
PO.7/AD? 
31 
PO.61AD6 
32 
Po.5/AD5 
33 
PO.4/AD4 
34 
Po.31AD3 
35 
PO.21AD2 
36 
PO.lIADl 
37 
Po.o/ADO 


38 
VCC 


39 
NC· 
40 
T2IP1.OICMPO+ 
41 
T2EXlP1.1/CMPo- 


42 
P1.21ECI 
43 
P1.31CMPO/CEXO 
44 
P1.4/CMPlICEX1 


E~~~= 
ADDRESSAND 
•.......• 
~......... 
DATA 
BUS 
_0._- - 
- - 
-J -- 
T2 
-- 
CMPO+ 
.-.... 
+- 
T2EX4--- 
CMP~ 
•........•. 
•.. 
Eel 
Ii: 
CMPOICEXO 
~ 
CMPlICEX1 


. 
CMP2ICEX2 
CMP3ICEX3 


~} 
CEX4 
- 
-+ 
- 
"'-+ 
~ 
i~m,",",~ 


PSEI'I 


ALE 


Ell 


RST 


r------------- 
I 
I 


VCC I 
-'-I 


VSS I 
D 


--------------l 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
__________ 
-1 


SFRs 
TIMERS 
PCA 


I 
I 
I 
I 
I 
I 
LX~l 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
38 
I 
Power Supply: 
This is the power supply voltage for normal, idle, and power-down 


operation. 


PO.0-0.7 
39-32 
43-36 
37-30 
1/0 
Port 0: Port a is an open-drain bidirectional 1/0 port. Port a pins that have 1s written to them 
float and can be used as high-impedance 
inputs. Port a is also the multiplexed low-order 


address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1s. Port a also receives code 
bytes during EPROM programming and outputs code bytes during program verification. 
External pUll-ups are required during program verification. During reset, port a will be 
asynchronously 
driven low and will remain low until written to by software. All port a pins 


have Schmitt trigger inputs with 200mV hysteresis. A weak pulldown on port a guarantees 
positive leakage current (see DC Electrical Characteristics: 
1L1). 


P1.O-P1.7 
1-8 
2-9 
40-44 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port. Port 1 pins have internal pull-ups such that 


1-3 
pins that have 1s written to them can be used as inputs but will source current when 
externally pulled low (see DC Electrical Characteristics: 
IILl. Port 1 receives the low-order 
address byte during program memory verification and EPROM programming. 
During reset, 
port 1 will be asynchronously 
driven low and will remain low until written to by software. All 
port 1 pins have Schmitt trigger inputs with 50mV hysteresis. Port 1 pins also serve 
alternate functions as follows: 


1 
2 
40 
1/0 
P1.O 
T2 
Timer 2 external 1/0 - clockout (programmable) 


CMPo+ 
Comparator a positive input 


2 
3 
41 
I 
P1.1 
T2EX 
Timer 2 capture input 
CMPo- 
Comparator a negative input 


3 
4 
42 
I 
P1.2 
ECI 
PCA count input 


4 
5 
43 
1/0 
P1.3 
CEXO 
PCA module a external 1/0 
CMPO 
Comparator 0 output 


5 
6 
44 
1/0 
P1.4 
CEX1 
PCA module 1 external 1/0 
CMP1 
Comparator 1 output 


6 
7 
1 
I/O 
P1.5 
CEX2 
PCA module 2 external 1/0 
CMP2 
Comparator 2 output 


7 
8 
2 
1/0 
P1.6 
CEX3 
PCA module 3 external 1/0 
CMP3 
Comparator 3 output 


8 
9 
3 
1/0 
P1.7 
CEX4 
PCA module 4 external 1/0 


P2.O-P2.7 
21-28 
24-31 
18-25 
1/0 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 1s 
written to them can be used as inputs. but will source current when externally pulled low 
(see DC Electrical Characteristics: 
IILl. Port 2 emits the high-order address byte during 
accesses to external program and data memory that use 16-bit addresses (MOVX 
@DPTR). In this application, it uses strong internal pull-ups when emitting 1s. Port 2 
receives the high-order address byte during program verification and EPROM programming. 
During reset, port 2 will be asynchronously 
driven low and will remain low until written to by 
software. 
Port 2 can be made open drain by writing to the P20D register (AIH). In open 
drain mode, weak pulldowns on port 2 guarantee positive leakage current (see DC 
Electrical Characteristics 
1L1). 


P3.O-P3.7 
10-17 
11, 
5, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins except P3.1 


13-19 
7-13 
that have 1s written to them can be used as inputs but will source current when externally 
pulled low (see DC Electrical Characteristics: 
IILl. P3.1 will be a high impedance pin except 
while transmitting serial data, in which case the strong pull-up will remain on continuously 
when outputting a 1 level. The P3.1 output drive level when transmitting can be set to one of 
two levels by the writing to the P3.1 register bit. During reset all pins (except P3.1) will be 
asynchronously 
driven low and will remain low until written to by software. All port 3 pins 


have Schmitt trigger inputs with 200mV hysteresis, except P3.2 and P3.3, which have 50mV 
hysteresis. Port 3 pins serve alternate functions as follows: 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


Port 3: (continued) 


10 
11 
5 
I 
P3.0 
RxD 
Serial receive port 


11 
13 
7 
0 
P3.1 
TxD 
Serial transmit port enabled only when transmitting serial data 
12 
14 
8 
I 
P3.2 
mTO 
Ex1ernal interrupt 0 


13 
15 
9 
I 
P3.3 
INTf 
External interrupt 1 


14 
16 
10 
I 
P3.4 
TO 
Timer/counter 0 input 
CMPR- 
Common - reference to comparators 
1, 2, 3 


15 
17 
11 
I 
P3.5 
T1 
Timer/counter 1 input 
CMP1+ 
Comparator 1 positive inpu1 


16 
18 
12 
0 
P3.6 
WR 
Ex1emal data memory write strobe 
CMP2+ 
Comparator 2 positive input 


17 
19 
13 
0 
P3.7 
RD 
Extemal data memory read strobe 
CMP3+ 
Comparator 3 positive input 


'RST 
9 
10 
4 
I 
Reset: A low on this pin asynchronously 
resets all port pins to a low state except P3.1. The 


pin must be held low with the oscillator running for 24 oscillator cycles to initialize the 
intemal registers. An internal diffused resistor to Vcc permits a power on reset using only 
an ex1emal capacitor to Vss. RST has a Schmitt trigger input stage to provide additional 
noise immunity with a slow rising input voltage. 


ALEJI51'mG 
30 
33 
27 
I/O 
Address 
Latch EnablelProgram 
Pulse: Output pulse for latching the low byte of the 


address during an access to extemal memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for extemal timing or clocking. 
Note that one ALE pulse is skipped during each access to ex1emal data memory. ALE is 
switched off if the bit 0 in the AUXR register (8EH) is set. This pin is also the program pulse 
input (PROO) during EPROM programming. 


J5SE\I 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to externa~am 
memory. When the device is 


executing code from the external program memory, 
is activated twice each machine 


cycle, except that two J5SE\I activations are skipped during each access to extemal data 
memory. J5SE\I is not activated during fetches from intemal program memory. 


EANpp 
31 
35 
29 
I 
External 
Access 
EnablelProgramming 
Supply 
Voltage: EA must be externally held low 


to enable the device to fetch code from ex1emal program memory locations OOOOHto 
1FFFH. If EA is held high, the device execu1es from intemal program memory unless the 
program counter contains an address greater than 1FFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the intemal clock generator 


circuits. 


XTAl2 
18 
20 
14 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
ADDRESS MSB 
LSB 
VALUE 


ACC· 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


AUXR# 
Auxiliary 
8EH 
- 
- 
- 
- 
- 
I 
- 
LO 
AO 
xxxxxxOOB 


B· 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


CCAPOH# 
Module 0 Capture High 
FAH 
xxxxxxxxB 


CCAP1H# 
Module 1 Capture High 
FBH 
xxxxxxxxB 


CCAP2H# 
Module 2 Capture High 
FCH 
J()()(J(J()()(JB 


CCAP3H# 
Module 3 Capture High 
FDH 
xxxxxxxxB 
CCAP4H# 
Module 4 Capture High 
FEH 
xxxxxxxxB 
CCAPOL# 
Module 0 Capture Low 
EAH 
xxxxxxxxB 
CCAP1L# 
Module 1 Capture Low 
EBH 
xxxxxxxxB 
CCAP2L# 
Module 2 Capture Low 
ECH 
xxxxxxxxB 
CCAP3L# 
Module 3 Capture Low 
EDH 
xxxxxxxxB 
CCAP4L# 
Module 4 Capture Low 
EEH 
xxxxxxxxB 


CCAPMO# 
Module 0 Mode 
DAH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM1# 
Module 1 Mode 
DBH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM2# 
Module 2 Mode 
DCH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM3# 
Module 3 Mode 
DDH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


CCAPM4# 
Module 4 Mode 
DEH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


CCOW# 
PCA Counter Control 
D8H 
CF 
CR 
- 
CCF4 
CCF3 I CCF2 
CCF1 
CCFO 
OOxOOOOOB 
CH# 
PCA Counter High 
F9H 
OOH 
CL# 
PCA Counter Low 
E9H 
OOH 


CMOD# 
PCA Counter Mode 
D9H 
CIDL 
WDTE 
- 
- 
- 
I CPS1 
CPSO I 
ECF 
OOxxxOOOB 


EF 
EE 
ED 
EC 
EB 
EA 
E9 
E8 


CMp·# 
Comparator 
E8H 
EC3DP 
EC2DP 
EC1DP 
ECODP I C3RO 
C2RO 
C1RO I CORO 
OOH 


CMPE# 
Comparator Enable 
91H 
EC3TDC 
EC2TDC ECHDC 
ECOTDCI EC30D 
EC20D 
EC10D I ECOOD 
OOH 


DPTR: 
Data Pointer (2 bytes) 
DPH 
Data Pointer High 
83H 
OOH 
DPL 
Data Pointer Low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE· 
Interrupt Enable 
A8H 
EA 
I 
EC 
I 
ET2 
ES 
I 
ET1 
EXl 
ETO I 
EXO 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


fP· 
Interrupt Priority 
B8H 
- 
I 
PPC I 
PT2 
I 
PS 
I 
PTl 
PXl 
I PTO I 
PXO 
xOOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 
PO· 
PortO 
80H 
AD7 
I 
AD6 
I 
AD5 
I 
AD4 
AD3 
AD2 I ADl 
ADO 
OOH 


97 
96 
95 
94 
93 
92 
91 
90 
Pl· 
Port 1 
90H 
CEX4 I CEX3 I CEX2 I CEXl 
CEXO 
EXI I T2EX 
T2 
OOH 


A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 
P2· 
Port 2 
AOH 
AD15 I AD14 
AD13 I AD12 
ADll 
I AD10 I AD9 
AD8 
OOH 


B7 
66 
65 
64 
63 
62 
61 
60 


P3· 
Port 3 
BOH 
"RO 
IWR 
Tl 
I 
TO 
JmT 
INTO I TxD 
RxD 
OOH 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS MSB 
. 
LSB 
VALUE 


P20D# 
Port 2 Pullup Disable 
A1H 
OOH 


PCON# 
Power Control 
87H 
SMODl I SMODOI OSF' 
I POF' I 
LVF1 I GFO I 
PD 
I 
IDL 
OOxxxOOOB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW· 
Program Status Word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 I 
RSO I 
OV 
I - 
I 
P 
OOH 


RACAP2H# 
TImer 2 Capture High 
CBH 
OOH 
RACAP2L# 
TImer 2 Capture Low 
CAH 
OOH 


SADDR# 
Slave Address 
A9H 
OOH 
SADEN# 
Slave Address Mask 
B9H 
OOH 


SBUF 
Serial Data Buffer 
99H 
xxxxxxxxB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCON" 
Serial Control 
98H 
SMO I 
SM1 I 
SM2 I REN I 
TB8 
I 
RB8 I 
TI 
I 
RI 
OOH 


SP 
Stack Pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON" 
Timer Control 
88H 
TF1 
I 
TR1 
I 
TFO I TRO I 
IE1 
I 
IT1 
I 
IEO I 
ITO 
OOH 


CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 


T2CON" 
TImer 2 Control 
C8H 
TF2 I EXF2 I RCLK I TCLK I EXEN2 I TR2 I CfT2 ICP/RL2 
OOH 


T2MOD# 
TImer 2 Mode Control 
C9H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
IT20E2 I DC EN 
xxxxxxxOB 


THO 
TImer High 0 
8CH 
OOH 
TH1 
TImer High 1 
8DH 
OOH 
TH2# 
TImer High 2 
CDH 
OOH 
TLO 
TImer Low 0 
8AH 
OOH 
TL1 
TImer Low 1 
8BH 
OOH 
TL2# 
TImer Low 2 
CCH 
OOH 


TMOD 
Timer Mode 
89H 
GATE I 
CfT 
I 
M1 
I 
MO I GATE I 
CfT 
I 
M1 
I 
MO 
OOH 


C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 


WDCOW# 
WatchdogTimerControl 
COH 
PRE2 I PRE1 I PREO I LVRE I OFRE IWDRUNIWDTOFI WDMOD 
11111101B 


WDL# 
WatchdogTimerReload 
C1H 
OOH 
WFEED1# 
Watchdog Feed 1 
C2H 
xxH 
WFEED2# 
Watchdog Feed 2 
C3H 
xxH 


SFRs are bit addressable. 
# 
SFRs are modified from or added to the 80C51 SFRs. 
1. Reset value depends on reset source. 
2. 
Programmable clock-out 


POWER 
ON CLEAR! 
POWER 
ON FLAG 
An on-chip Power On Detect Circuit resets 
the 8XC575 and sets the Power Off Flag 
(PCON.4) on power up or if Vcc drops to 
zero momentarily. The POF can only be 
cleared by software. The RST pin is not 
driven by the power on detect circuit. The 
POF can be read by software to determine 
that a power failure has occurred and can 
also be set by software. 


LOW VOLTAGE 
DETECT 
An on-chip Low Voltage Detect circuit sets 
the Low Voltage Flag (PCON.3) if Vcc drops 
below VLOW(see DC Electrical 
Characteristics) 
and resets the 8XC575 if the 


Low Voltage Reset Enable bit (WDCON.4) is 
set. "the 
LVRE is cleared, the reset is 


disabled but LVF will still be set if Vcc is low. 
The RST pin is not driven by the low voltage 
detect circuit. The LVF can be read by 
software to determine that Vcc was low. The 
LVF can be set or cleared by software. 


OSCILLATOR 
FAIL DETECT 


An on-chip Oscillator Fail Detect circuit sets 
the Oscillator Fail Flag (PCON.5) if the 
oscillator frequency drops below OSCF for 
one or more cycles (see AC Electrical 
Characteristics: OSCF) and resets the 
8XC575 if the Oscillator Fail Reset Enable bit 
(WDCON.3) is set. " OFRE is cleared, the 
reset is disabled but OSF will still be set if the 
oscillator fails. The RST pin is not driven by 
the oscillator fail detect circuit. The OSF can 
be read by software to determine that an 
oscillator failure has occurred. The OSF can 
be set or cleared by software. 


VlOW 


R~~~~~8E) 


LOW ACTIVE 
RESET 
One of the most notable features on this part 
is the low active reset. At this time this is the 
only 80C51 derivative available that has low 
active reset. This feature makes it easier to 
interface the 8XC575 into an application to 
accommodate the power-on and low voltage 
conditions that can occur. The low active 
reset operates exactiy the same as high 
active reset with the exception that the part is 
put into the reset mode by applying a low 
level to the reset pin. For power-on reset it is 
also necessary to invert the power-on reset 
circuit; connecting the 8.2K resistor from the 
reset pin to Vcc and the 10llf capacitor from 
the reset pin to ground. Figure 1 shows all of 
the reset related circuitry. 


When reset the port pins on the 87C575 are 
driven low asynchronously. This is different 
from all other 80C51 derivatives. 


The 8XC575 also has Low voltage detection 
circuitry that will, if enabled, force the part to 
reset when Vcc (on the part) fails below a set 
level. Low Voltage Reset is enabled by a 
normal reset. Low Voltage Reset can be 
disabled by clearing LVRE (bit 4 in the 
WDCON SFR) then executing a watchdog 
feed sequence (A5H to WFEED1 followed 
immediately by 5A to WFEED2). In addition 
there is a flag (LVF) that is set if a low voltage 
condition is detected. The LVF flag is set 
even if the Low Voltage detection circuitry is 
disabled. Notice that the Low voltage 
detection circuitry does not drive the RST# 
pin so the LVF IIag is the only way that the 
microcontroller can determine if it has been 
reset due to a low voltage condition. 


The 8XC575 has an on-ehip power-on 
detection circuit that sets the POF (PCON.4) 
flag on power up or if the Vcc level 
momentarily drops to OV.This flag can be 
used to determine if the part is being started 
from a power-on (cold start) or if a reset has 
occurred due to another condition (warm 
start). 


TIMERS 
The 87C575 has four on-ehip timers. 


Timers 0 and 1 are identical in every way to 
Timers 0 and 1 on the 80C51. 


Timer 2 on the 8XC575 is identical to the 
80C52 Timer 2 (described in detail in the 
80C52 overview) with the exception that it is 
an up or down counter. To configure the 
Timer to count down the DCEN bit in the 
T2MOD special function register must be set 
and a low level must be present on the T2EX 
pin (P1.1). 


The Watchdog timer operation and 
implementation is the same as that for the 
8XC550 (described in the 8XC550 overview) 
with the exception that the reset values of the 
WDCON and WDL special function registers 
have been changed. The changes in these 
registers cause the watchdog timer to be 
enabled with a timeout of 98304 x Tosc 
when the part is reset. The watchdog can be 
disabled by executing a valid feed sequence 
and then clearing WDRUN (bit 2 in the 
WDCONSFR). 


BxC575 
INTERNAL 
RESET 


PROGRAMMABLE 
COUNTER 


ARRAY 
(PCA) 


The Programmable Counter Array is a 
special Timer that has five 16-bit 
capture/compare 
modules associated with it. 


Each of the modules can be programmed to 
operate in one of four modes: rising and/or 
falling edge capture, software timer, 
high-speed output, or pulse width modulator. 
Each module has a pin associated with it in 
port 1. Module 0 is connected to Pl.3(CEXO), 
module 1 to Pl.4(CEX1), 
etc.. The basic 


PCA configuration is shown in Figure 2. 


The PCA timer is a common time base for all 
five modules and can be programmed to run 
at: 1/12 the oscillator frequency, 1/4 the 
oscillator frequency, the Timer 0 overflow, or 
the input on the ECI pin (Pl.2). The timer 
count source is determined from the CPSI 
and CPSO bits in the CMOD SFR as follows 
(see Figure 3): 


CPS1 
CPSO PCA Timer Count Source 


o 
0 
1/12 oscillator frequency 


o 
1 
1/4 oscillator frequency 
1 
0 
Timer 0 overflow 
1 
1 
External Input at ECI pin 


In the CMOD SFR are three additional bits 
associated with the PCA. They are CIDL 
which allows the PCA to stop during idle 
mode, WDTE which enables or disables the 
watchdog function on module 4, and ECF 
which when set causes an interrupt and the 
PCA overflow IIag CF (in the CCON SFR) to 
be set when the PCA timer overflows. These 
functions are shown in Figure 3. 


The watchdog timer function is implemented 
in module 4 as implemented in other parts 
that have a PCA that are available on the 
market. However, if a watchdog timer is 
required in the target application, it is 
recommended to use the hardware watchdog 
timer that is implemented on the 87C575 
separately from the PCA (see Figure 14). 


MOOULE 
FUNCTIONS, 


16·BIT 
CAPTURE 
16-BITTIMER 
16-SIT 
HIGH 
SPEED 
OUTPUT 


ll-BITPWM 


WATCHDOG 
TIMER 
(MOOULE 
4 ONLY) 


The CCON SFR contains the run control bit 
for the PCA and the IIags for the PCA timer 
(CF) and each module (refer to Figure 6). To 
run the PCA the CR bit (CCON.6) must be 
set by software. The PCA is shut off by 
clearing this bit. The CF bit (CCON.7) is set 
when the PCA counter overflows and an 
interrupt will be generated if the ECF bit in 
the CMOD register is set, The CF bit can only 
be cleared by software. Bits 0 through 4 of 
the CCON register are the flags for the 
modules (bit 0 for module 0, bit 1 for module 
I, etc.) and are set by hardware when either 
a match or a capture occurs. These flags 
also can only be cleared by software. The 
PCA interrupt system shown in Figure 4. 


Each module in the PCA has a special 
function register associated with it. These 
registers are: CCAPMO for module 0, 
CCAPMl 
for module 1, etc. (see Figure 7). 


The registers contain the bits that control the 
mode that each module will operate in. The 
ECCF bit (CCAPMn.O where n=O, I, 2, 3, or 
4 depending on the module) enables the CCF 
flag in the CCON SFR to generate an 
interrupt when a match or compare occurs in 
the associated module. PWM (CCAPMn.l) 
enables the pulse width modulation mode. 
The TOG bit (CCAPMn.2) when set causes 
the CEX output associated with the module to 
toggle when there is a match between the 
PCA counter and the module's 
capture/compare 
register. The match bit MAT 
(CCAPMn.3) when set will cause the CCFn 
bit in the CCON register to be set when there 
is a match between the PCA counter and the 
module's capture/compare 
register. 


The next two bits CAPN (CCAPMn.4) and 
CAPP (CCAPMn.5) determine the edge that 
a capture input will be active on. The CAPN 
bit enables the negative edge, and the CAPP 
bit enables the positive edge. If both bits are 
set both edges will be enabled and a capture 
will occur for either transition. The last bit in 


the register ECOM (CCAPMn.6) when set 
enables the comparator function. Figure 8 
shows the CCAPMn sellings for the various 
PCA functions. 


There are two additional registers associated 
with each of the PCA modules. They are 
CCAPnH and CCAPnL and these are the 
registers that store the 16-bit count when a 
capture occurs or a compare should occur. 
When a module is used in the PWM mode 
these registers are used to control the duty 
cycle of the output. 


PCA Capture 
Mode 


To use one of the PCA modules in the 
capture mode either one or both of the 
CCAPM bits CAPN and CAPP for that 
module must be set. The external CEX input 
for the module (on port 1) is sampled for a 
transition. When a valid transition occurs the 
PCA hardware loads the value of the PCA 
counter registers (CH and CL) into the 
module's capture registers (CCAPnL and 
CCAPnH). If the CCFn bit for the module in 
the CCON SFR and the ECCFn bit in the 
CCAPMn SFR are set then an interrupt will 
be generated. Refer to Figure 9. 


16-bit Software 
Timer Mode 


The PCA modules can be used as software 
timers by setting both the ECOM and MAT 
bits in the modules CCAPMn register. The 
PCA timer will be compared to the module's 
capture registers and when a match occurs 
an interrupt will occur if the CCFn (CCON 
SFR) and the ECCFn (CCAPMn SFR) bits for 
the module are both set (see Figure 10). 


High Speed Output 
Mode 


In this mode the CEX outpUf (on port 1) 
associated with the PCA module will toggle 
each time a match occurs between the PCA 
counter and the module's capture registers. 
To activate this mode the TOG, MAT, and 
ECOM bits in the module's CCAPMn SFR 
must be set (see Figure 11). 


~1"iOl 
U£..J ~ 
TO 
INTERRUPT 
PRIORllY 
DECODER 


CMOD.O~ 
CCAPMn.O I~cc~n I 


CPS1 


CPSO 


Bit Addressable 
I 
CIOL 
I-W-O-T-E- 
~ 
~ 
C_P_S_1 
C_P_S_O_ 


Counter Idle control: CIOL = 0 programs the PCA Counter to continue functioning during idle Mode. CIOL = 1 programs 
it to be gated off during idle. 


Watchdog Timer Enable: WOTE = a disables Watchdog Timer function on PCA Module 4. WOTE = 1 enables it. 


Not implemented, reserved for future use.' 


PCA Count Pulse Select bit1. 


PCA Count Pulse Select bit a. 
CPS1 
cpsa 
Selected 
PCA Input" 


a 
a 
a 
Internal clock, fose + 12 


a 
1 
1 
Internal clock, fose + 4 


1 
a 
2 
Timer a overflow 


1 
1 
3 
External clock at ECI/P1.2 pin (max. rate = fose + 8) 


PCA Enable Counter Overflow interrupt: ECF = 1 enables CF bit in CCON to generate an interrupt. ECF = a disables 
that function of CF. 


NOTE: 
• 
User software should not write 1510 reserved bits. These bits may be used in future 8051 family products 10invoke new features. In that case, the reset or inactive value of the 
new bit wfll be 0, and its active value will be 1. The value read from a reserved bit is indeterminate. 


•• lose::z oscillator frequency 


Symbol 


CF 


CCF4 


CCF3 


CCF2 


CCF1 


CCFO 


Bit Addressable 


I 
CF 
-I~=CR= 
__ 
~CF3 


3 


CCF2 


2 


CCFO 


a 


Function 


PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an interrupt if bit ECF in CMOO is 
set. CF may be set by either hardware or software but can only be cleared by software. 


PCA Counter Run control bit. Set by software to turn the PCA counter on. Must be cleared by software to turn the PCA 
counter off. 


Not implemented, reserved for future use'. 


PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 3 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 0 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


NOTE: 


User software 
should 
not write 
1s to reserved 
bits. These 
bits may be used 
in future 
8051 family 
products 
to invoke 
new features. 
In that case, 
the reset or inactive 
value 
of the 
new bit will be O. and its active 
value 
will be 1. The value 
read from 
a reserved 
bit is indeterminate. 


CCAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 


ODAH 
ODBH 
ODCH 
ODDH 
ODEH 


Not Bit Addressable 
I 
I-E-C-O-M-n--C-A-p-p-n- CAPNn 
TOGn 


2 


ECCFn 


o 


Function 


Not implemented, reserved for future use·. 


Enable Comparator. ECOMn = 1 enables the comparator function. 


Capture Positive, CAPPn = 1 enables positive edge capture. 


Capture Negative, CAPNn = 1 enables negative edge capture. 
Match. When MATn = 1, a match of the PCA counter with this module's compare/capture 
register causes the CCFn bit 


in CCON to be set, flagging an interrupt. 
Toggle. When TOGn = 1, a match of the PCA counter with this module's compare/capture 
register causes the CEXn 


pin to toggle. 
Pulse Width Modulation Mode. PWMn = 1 enables the CEXn pin to be used as a pulse width modulated output. 


Enable CCF interrupt. Enables compare/capture 
flag CCFn in the CCON register to generate an interrupt. 


ECOMn 


CAPPn 


CAPNn 


MATn 


PWMn 


ECCFn 


NOTE: 
·User 
software 
should 
not write 
1510 
reserved 
bits. These 
bits may 
be used 
in future 
8051 
family 
products 
10 invoke 
new 
features. 
In that case, 
the 
reset 
or inactive 
value 
of the new 


bit will be 0, and 
its active 
value 
will be 
1. The 
value 
read 
'rom 
a reserved 
bit is indeterminate. 


- 
ECOMn 
CAPPn 
CAPNn 
MATn 
TOGn 
PWMn 
ECCFn 
MODULE FUNCTION 


X 
0 
0 
0 
0 
0 
0 
0 
No operation 


X 
X 
1 
0 
0 
0 
0 
X 
16-bit capture by a positive-edge trigger on CEXn 


X 
X 
0 
1 
0 
0 
0 
X 
16-bit capture by a negative trigger on CEXn 


X 
X 
1 
1 
0 
0 
0 
X 
16-bit capture by a transition on CEXn 


X 
1 
0 
0 
1 
0 
0 
X 
16-bit Software Timer 


X 
1 
0 
0 
1 
1 
0 
X 
16-bit High Speed Output 


X 
1 
0 
0 
0 
0 
1 
0 
8-bitPWM 


X 
1 
0 
0 
1 
X 
0 
X 
Watchdog Timer 


.uf 
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Pulse Width Modulator Mode 
All of the PCA modules can be used as PWM 
outputs. Figure 12 shows the PWM function. 
The frequency of the output depends on the 
source for the PCA timer. All of the modules 
will have the same frequency of output 
because they all share the PCA timer. The 
duty cycle of each module is independently 
variable using the module's capture register 
CCAPLn. When the value of the PCA CL 
SFR is less than the value in the module's 
CCAPLn SFR the output will be low, when it 
is equal to or greater than the output will be 
high. When CL overflows from FF to 00, 
CCAPLn is reloaded with the value in 
CCAPHn. the allows updating the PWM 
without glitches. The PWM and ECOM bits in 
the module's CCAPMn register must be set 
to enable the PWM mode. 


WATCHDOG 
TIMER 


The watchdog timer is not directly loadable 
by the user. Instead, the value to be loaded 
into the main timer is held in an autoload 
register or is part of the mask ROM 
programming. In order to cause the main 
timer to be loaded with the appropriate value, 
a special sequence of software action must 
take place. This operation is referred to as 
feeding the watchdog timer. 


To feed the watchdog, two instructions must 
be sequentially executed successfully. No 


intervening instruction fetches are allowed, 
so interrupts should be disabled before 
feeding the watchdog. The instructions 
should move A5H to the WFEED1 register 
and then 5AH to the WFEED2 register. If 
WFEED1 is correctly loaded and WFEED2 is 
not correctly loaded, then an immediate 
underflow will occur. 


The watchdog timer subsystem has two 
modes of operation. Its principal function is a 
watchdog timer. In this mode it protects the 
system from incorrect code execution by 
causing a system reset when the watchdog 
timer underflows as a result of a failure of 
software to feed the timer prior to the timer 
reaching its terminal count. If the user does 
not employ the watchdog function, the 
watchdog subsystem can be used as a timer. 
In this mode, reaching the terminal count sets 
a flag. In most other respects, the timer mode 
possesses the characteristics of the 
watchdog mode. This is done to protect the 
integrity of the watchdog function. 


The watchdog timer subsystem consists of a 
prescaler and a main counter. The prescaler 
has 8 selectable taps off the final stages and 
the output of a selected tap provides the 
clock to the main counter. The main counter 
is the section that is loaded as a result of the 
software feeding the watchdog and it is the 
section that causes the system reset 


(watchdog mode) or time-out flag to be set 
(timer mode) if allowed to reach its terminal 
count. 


Programming the Watchdog Timer 
Both the EPROM and ROM devices have a 
set of SFRs for holding the watchdog 
autoload values and the control bits. The 
watchdog time-out flag is present in the 
watchdog control register and operates the 
same in all versions. In the EPROM device, 
the watchdog parameters (autoload value 
and control) are always taken from the SFRs. 
In the ROM device, the watchdog parameters 
can be mask programmed or taken from the 
SFRs. The selection to take the watchdog 
parameters from the SFRs or from the mask 
programmed values is controlled by EA 
(external access). When EA is high (internal 
ROM access), the watchdog parameters are 
taken from the mask programmed values. If 
the watchdog is mask programmed to the 
timer mode, then the autoload values and the 
pre-scaler taps are taken from the SFRs. 
When EA is low (external access), the 
watchdog parameters are taken from the 
SFRs. The user should be able to leave code 
in his program which initializes the watchdog 
SFRs even though he has migrated to the 
mask ROM part. This allows no code 
changes from EPROM prototyping to ROM 
coded production parts. 


EPROM Device (and ROMless Operation: 
£iI: = 0) 
In the ROMless operation (ROM part, Eli; = 0) 
and in the EPROM device, the watchdog 
operates in the following manner (see 
Figure 14). 


Whether the watchdog is in the watchdog or 
timer mode, when extemal RESET is applied, 
the following takes place: 


• Watchdog mode bit set to watchdog mode. 


• Watchdog run control bit set to ON. 


• Autoload register set to 00 (min. count). 


• Watchdog time-out flag cleared. 


• Prescaler is cleared. 


• Prescaler tap set to the highest divide. 


• Autoload takes place. 


The watchdog can be fed even though it is in 
the timer mode. 


Note that the operational concept is for the 
watchdog mode of operation, when coming 
out of a hardware reset, the software should 
load the autoload registers, set the mode to 
watchdog, and then feed the watchdog 
(cause an autoload). The watchdog will now 
be startinll at a known point, 


If the watchdog is in the watchdog mode and 
running and happens to underflow at the time 


the extemal RESET is applied, the watchdog 
time-out flag will be cleared. 


When the watchdog is in the watchdog mode 
and the watchdog underflows, the following 
action takes place (see Figure 16): 


• Autoload takes place. 


• Watchdog time-out flag is set 


• Mode bit unchanged. 


• Watchdog run bit unchanged. 


• Autoload register unchanged. 


• Prescaler tap unchanged. 


• All other device action same as external 
reset. 


Note that if the watchdog underf!ows, the 
program counter will start from OOHas in the 
case of an external reset. The watchdog 
time-out flag can be examined to determine if 
the watchdog has caused the reset condition. 
The watchdog time-out flag bit can be cleared 
by software. 


When the watchdog is in the timer mode and 
the timer software underflows, the following 
action takes place: 


• Autoload takes place. 


• Watchdog time-out flag is set 


• Mode bit unchanged. 


• Watchdog run bit unchanged. 


• Autoload register unchanged. 


• Prescaler tap unchanged. 


Mask ROM Device (£iI: = 1) 
In the mask ROM device, the watchdog 
mode bit (WDMOD) is mask programmed 
and the bit in the watchdog command register 
is read only and reflects the mask 
programmed selection. If the mask 
programmed mode bit selects the timer 
mode, then the watchdog run bit (WDRUN) 
operates as described under EPROM 
Device. If the mask programmed bit selects 
the watchdog mode, then the watchdog run 
bit has no effect on the timer operation (see 
Figure 15). 


Watchdog 
Function 


The watchdog consists of a programmable 
prescaler and the main timer. The prescaler 
derives its clock from the on-chip oscillator. 
The prescaler consists of a divide by 12 
followed by a 13 stage counter with taps from 
stage 6 through stage 13. This is shown in 
Figure 17. The tap selection is 
programmable. The watchdog main counter 
is a down counter clocked (decremented) 
each time the programmable prescaler 
underflows. The watchdog generates an 
underflow signal (and is autoloaded) when 
the watchdog is at count 0 and the clock to 
decrement the watchdog occurs. ,he 
watchdog is 8 bits long and the autoload 
value can range from 0 to FFH. (The 


autoload value of 0 is permissible since the 
prescaler is cleared upon autoload). 


This leads to the following user design 
equations. Definitions :lose is the oscillator 
period, N is the selected prescaler tap value, 
W is the main counter autoload value, tMIN is 
the minimum watchdog time-out value (when 
the autoload value is 0), tMAXis the maximum 
time-out value (when the autoload value is 
FFH), tD is the design time-out value. 


IMIN= lose x 12 x 64 


tMAX= tMINx 128 x 256 


to = tMINx 2PRESCALERx (W + 1) 
(where prescaler = D, 1, 2, 3, 4, 5, 6, or ?) 


Note that the desi9n procedure is anticipated 
to be as follows. A tMAXwill be chosen either 
from equipment or operation considerations 
and will most likely be the next convenient 
value higher than tD' (If the watchdog were 
inadvertently to start from FFH, an overflow 
would be guaranteed, barring other 
anomalies, to occur within tMAX)' Then the 
value for the prescaler would be chosen 
from: 


prescaler = log2 (tMAX/ (lose x 12 x 256)) - 6 


This then also fixes IMIN.An autoload value 
would then be chosen from: 


W = tD /tMIN - 1 


The software must be written so that a feed 
operation takes place every to seconds from 
the last feed operation. Some tradeoffs may 
need to be made. It is not advisable to 
include feed operations in minor loops or in 
subroutines unless the feed operation is a 
specific subroutine. 


Watchdog 
Control 
Register 
(WDCON) 


(Bit Addressable) 
Address 
CO 


The following bits of this register are read 
only in the ROM part when E}l; is high: 
WDMOD, PREO, PRE1, and PRE2. That is, 
the register will reflect the mask programmed 
values. In the ROM part with E}l; high, these 
bits are taken from mask coded bits and are 
not readable by the program. WDRUN is 


read only in the ROM part when E}l; is high 
and WDMOD is in the watchdog mode. When 
WDMOD is in the timer mode, WDRUN 
functions normally. 


The parameters written into WDMOD, PREO, 
PRE1, and PRE2 by the program are not 
applied directly to the watchdog timer 
subsystem. The watchdog timer subsystem is 
directly controlled by a second register which 
stores these bits. The transfer of these bits 
from the user register (WDMOD) to the 
second control register takes place when the 
watchdog is fed. This prevents random code 
execution from directly foiling the watchdog 
function. This does not affect the operation 
where these bits are taken from mask coded 
values. 


The reset values of the WDCON and WDL 
registers will be such that the timer resets to 
the watchdog mode with a timeout period of 
12 x 64 x 128 x losc. The watchdog timer 
will not generate an interrupt. Additional bits 
in WDCON are used to disable reset 
generation by the oscillator fail and low 
voltage detect circuits. WDCON can be 
written by software only by executing a valid 
watchdog feed sequence. 


WDCON Register 
Bit Definitions 
WDCON.? 
PRE2 
Prescaler Select 2, 
reselto 
1 
WDCON.6 
PREl 
Prescaler Select 1, 
reset to 1 
WDCON.5 
PREO 
Prescaler Select 0, 
resetto 
1 
WDCON.4 
LVRE 
Low Voltage Reset 
Enable, reset to 1 
(enabled) 
WDCON.3 
OFRE 
Oscillator Fail Reset 
Enable, reselto 
1 
(enabled) 
WDCON.2 
WDRUN 
Watchdog Run, 
reset to 1 (enabled) 
WDCON.l 
WDTOF 
Watchdog Timeout 
Flag, reset to 0 
WDCON.O 
WDMOD 
Watchdog Mode, 
reset to 1 (watchdog 
mode) 


Enhanced 
UART 
The UART operates in all of the usual modes 
that are described in the first section of this 
book for the 80C51. In addition the UART can 
perform framing error detect by looking for 
missing stop bits, and automatic address 
recognition. The 8?C5?5 UART also fully 
supports multiprocessor communication 
as 


does the standard 80C51 UART. 


When used for framing error detect the UART 
looks for missing stop bits in the 
communication. 
A missing bit will set the FE 
bit in the SCON register. The FE bit shares 
the SCON.? bit with SMO and the function of 
SCON.? is determined by PCON.6 (SMODO) 
(see Figure 19). If SMODO is set then 
SCON.? functions as FE. SCON.? functions 
as SMO when SMODO is cleared. When used 
as FE SCON.? can only be cleared by 
software. Refer to Figure 18. 


Automatic 
Address 
Recognition 


Automatic Address Recognition is a feature 
which allows the UART to recognize certain 
addresses in the serial bit stream by using 
hardware to make the comparisons. This 
feature saves a great deal of software 
overhead by eliminating the need for the 
software to examine every serial address 
which passes by the serial port. This feature 
is enabled by setting the SM2 bit in SCON. In 
the 9 bit UART modes, mode 2 and mode 3, 
the Receive Interrupt flag (RI) will be 
automatically set when the received byte 
contains either the "Given" address or the 
"Broadcast" address. The 9 bit mode requires 
that the 9th information bit is a 1 to indicate 
that the received information is an address 
and not data. Automatic address recognition 
is shown in Figure 20. 


The 8 bit mode is called Mode 1. In this mode 
the RI flag will be set if SM2 is enabled and 
the information received has a valid stop bit 
following the 8 address bits and the 
information is either a Given or Broadcast 
address. 


Mode 0 is the Shift Register mode and SM2 
is ignored. 


WATCHDOG 
FEED 
SEQUENCE 


MOV 
WFEED1.IOASH 
MOV 
WFEE02,'5AH 


mIIIEI{L 
WD 
PAE2:0 
WDMOD 


mIIIEI{L 
WD 
PAE2:0 


WDMOD 


ADllBESS 


2032H 
2031H 
2030H 


ADllBESS 


2032H 
2031H 
2030H 


SMO 


SMl 


REN 


TB8 


RB8 


=8.~ . 


DECOOE~ll 
.. ..'.... 
. 


.101....... 
. 
j 
.110.... 
.nt.. 


seON 
Address = 98H 


Bit Addressable 
I SMOIFE I 
SMl 


Bit: 
7 
6 


(SMODO = 0/1)* 


Symbol 


FE 
Framing Error bit This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE b~. 


Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO) 


Serial Port Mode Bit 1 
SMO 
SMl 
Mode 
Description 
Baud Rate" 


o 
0 
0 
shift register 
fose/12 
o 
1 
1 
8-bit UART 
variable 


1 
0 
2 
9-bit UART 
fose/54 or fosef32 


1 
1 
3 
9-bit UART 
variable 


Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then RI will not be set unless the 
received 9th data bit (RB8) is 1, indicating an address, and the received byte is a Given or Broadcast Address. 
In Mode 1, if 5M2 = 1 then RI will not be activated unless a valid stop bit was received, and the received byte is a 
Given or Broadcast Address. In Mode 0, SM2 should be O. 


Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 


In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = 0, RB8 is the stop bit that was received. 
In Mode 0, RB8 is not used. 


Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. Must be cleared by software. 


Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in 
the other modes, in any serial reception (except see 5M2). Must be cleared by software. 


NOTE: 
·SMODO is located at PCON6. 
·~fosc = oscillator frequency 


START 
DATABYTE 
ONLYIN 
STOP 
BIT 
MOOE2. 3 
BIT 


Using the Automatic Address Recognition 
feature allows a master to selectively 
communicate with one or more slaves by 
invoking the Given slave address or 
addresses. All of the slaves may be 
contacted by using the Broadcast address. 
Two special Function Registers are used to 
define the slave's address, SADDR, and the 
address mask, SADEN. SADEN is used to 
define which bits in the SADDR are to bused 
and which bits are "don't care". The SAD EN 
mask can be logically ANDed with the 
SADDR to create the "Given" address which 
the master will use for addressing each of the 
slaves. Use of the Given address allows 
multiple slaves to be recognized while 
excluding others. The following examples will 
help to show the versatility of this scheme: 


Slave 0 
SADDR 
1100 
0000 


SADEN 
1111 
1101 


Given 
1100 
OOXO 


SADDR 
SADEN 
Given 


1100 
0000 


1111 
1110 


1100 
OOOX 


In the above example SADDR is the same 
and the SAD EN data is used to differentiate 
between the two slaves. Slave 0 requires a 0 
in bit 0 and it ignores bit 1. Slave 1 requires a 
o in bit 1 and bit 0 is ignored. A unique 
address for Slave 0 would be 1100 0010 
since slave 1 requires a 0 in bit 1. A unique 
address for slave 1 would be 1100 0001 
since a 1 in bit 0 will exclude slave O.Both 


slaves can be selected at the same time by 
an address which has bit 0 = 0 (for slave 0) 
and bit 1 = 0 (for slave 1). Thus, both could 
be addressed with 1100 0000. 


In a more complex system the following could 
be used to select slaves 1 and 2 while 
excluding slave 0: 


Slave 0 
SADDR 
SADEN 
Given 


0000 
1001 
OXXO 


0000 
1010 
OXOX 


SADDR 
SADEN 
Given 


SADDR 
SADEN 
Given 


1110 
0000 
1111 
1100 
1110 
OOXX 


In the above example the differentiation 
among the 3 slaves is in the lower 3 address 
bits. Slave 0 requires that bit 0 = 0 and it can 
be uniquely addressed by 1110 0110. Slave 1 
requires that bit 1 = 0 and it can be uniquely 
addressed by 1110 and 0101. Slave 2 
requires that bit 2 = 0 and its unique address 
is 1110 0011. To select Slaves 0 and 1 and 
exclude Slave 2 use address 1110 0100, 
since it is necessary t make bit 2 = 1 to 
exclude slave 2. 


The Broadcast Address for each slave is 
created by taking the logical OR of SAD DR 
and SAD EN. Zeros in this result are treated 


as don't-cares. In most cases, interpreting 
the don't-eares as ones, the broadcast 
address will be FF hexadecimal. 


Upon reset SADDR (SFR address OA9H) and 
SADEN (SFR address OB9H) are loaded with 
Os. This produces a given address of all 
"don't cares" as well as a Broadcast address 
of all "don't cares". this effectively disables 
the Automatic Addressing mode and allows 
the microcontroller 
to use standard 80C51 


type UART drivers which do not make use of 
this feature. 


Analog 
Comparators 


Four analog comparators are provided on 
chip. Three comparators have a common 
negative reference CMPR· and independent 
positive inputs CMPl +, CMP2+, CMP3+ on 
port 3. The fourth comparator has 
independent positive and negative inputs 
CMPO+ and CMPO· on port 1. The CMP 
register contains an output and enable bit for 
each comparator. The CMP register is bit 
addressable and is located at SFR address 
E8H. Figure 21 shows the connection of the 
comparators. 


Pullups at the comparator input pins will be 
disabled by hardware when the comparator is 
enabled. In addition, to make inputs high 
impedance, the corresponding 
port SFR bits 
must be set by software to disable the 
pulldowns. 


IN UART 
MODE 
2 OR MODE 
3 AND 
SM2. 
,: 


INTERRUPT 
IF REN.'. 
RBS.' 
AND "RECEIVED 
ADDRESS" 
• ·PROGRAMMED 
ADDRESS" 


- WHEN 
OWN 
ADDRESS 
RECEIVED. 
CLEAR 
SM2 TO RECEIVE 
DATA BYTES 
- WHEN 
ALL DATA BYTES 
HAVE 
BEEN 
RECEIVED: 
SET SM2 TO WAIT 
FOR NEXT 
ADDRESS. 


CMP Register 
Bit Definitions 
CMP.7 
enable comparator 3, 
disable pullups at P3.4, P3.7 
CMP.6 
enable comparator 2, 
disable pullups at P3.4, P3.6 
CMP.5 
enable comparator 1, 
disable pUllups at P3.4, P3.5 
CMP.4 
enable comparator 0, 
disable pullups at P1.0, P1.1 
CMP.3 
comparator 3 output (read only) 


CMP.2 
comparator 2 output (read only) 
CMP.1 
comparator 1 output (read only) 
CMP.O 
comparator 0 output (read only) 


All comparators are disabled automatically in 
power down mode, in idle mode unused 
comparators should be disabled by software' 
to save power. A comparator can generate 
an interrupt that will terminate idle mode. 


The CMPE register contains bits to enable 
each comparator to drive extemal output pins 
or intemal PCA capture inputs. Pullups at the 
output pins are disabled by hardware when 
the external comparator output is enabled. 
The comparator output is wire-ORed with the 
corresponding port SFR bit, so the SFR bit 
must also be set by software to enable the 
output. 


CMPE Register 
Bit Definitions 
CMPE.7 
enables comparator 3 to drive 
CEX3 
CMPE.6 
enables comparator 2 to drive 
CEX2 
CMPE.5 
enables comparator 1 to drive 
CEX1 
CMPE.4 
enables comparator 0 to drive 
CEXO 
CMPE.3 
enables comparator 3 output on 
P1.6 (open drain) 
CMPE.2 
enables comparator 2 output on 
P1.5 (open drain) 
CMPE.1 
enables comparator 1 output on 
P1.4 (open drain) 
CMPE.O 
enables comparator 0 output on 
P1.3 (open drain) 


When 1s are written to CMPE bits 7-4, 
the comparator outputs will drive the 
corresponding capture input. (This function is 
not available in the idle or power-down 
mode.) When 1s are written to CMPE bits 3-0 
the comparator output will aiso drive the 
corresponding port 1 pin. (This function is 
available in idle mode.) If the comparator's 
enabled to drive the capture input but not the 
port pin, then the port pin can be used for 
general purpose I/O. When a comparator 
output is enabled, pullups at the output pin 
are disabled and the output becomes open 
drain. The comparator output can be used to 
trigger a capture input in idle mode by 
programming the CMPE register to drive the 
pin from the comparator output to have the 
pin supply the capture trigger. 


There are two special function registers 
associated with the comparators. They are 
CMP which contains the comparator enables 
and a bit that can be read by software to 


determine the state of each comparator's 
output, and CMPE which controls whether 
the output from each comparator drives the 
associated output pin or a capture input 
associated with one of the PCA modules. 


The CMP registers bits 0-3 can be read by 
software to determine the state of the output 
of each comparator. To do this the associated 
comparator must be enabled but the output in 
port 1 can be disabled. This allows easy 
polling of the comparator output value without 
the need to use up a port pin. 


The CMPE register allows the comparator to 
drive the associated PCA module capture 
input, so that on compare a capture can be 
generated in the PCA. Bits 0-3 of this 
register enable the comparator output to drive 
the associated port 1 output circuitry. Used 
as a comparator output this circuitry is open 
drain. To enable the comparator output to 
drive to port 1, the corresponding 
port bit 


must also be set to disable the pulldown. If 
the comparator is not enabled to drive the 
port 1 circuitry. the associated port 1 pin can 
be used for other I/O. This includes when a 
comparator is enabled to drive the capture 
input to a PCA module. 


Reduced 
EMI Mode 


There are two bits in the AUXR register that 
can be set to reduce the internal clock drive 
and disable the ALE output. AO (AUXR.O) 
when set turns off the ALE output. LO 
(AUXR.1) when set reduces the drive of the 
internal clock circuitry. Both bits are cleared 
on Reset. With LO set the 87C575 will still 
operate at 12MHz, but will have reduced EMI 
in the range above 100MHz. 


P1.0/CMP(}+ 


P1.,/CMPo- 


8XC575 Reduced EMI Mode 


AUXR (OX8E) 


AO: 
Turns off ALE output. 


LO: 
Reduces drive of internal clock 
circuitry. 8XC575 spec'd to 12MHz 
when LO set. 


INTERNAL 
RESET 
Internal resets generated by the power on, 
low voltage, and oscillator fail detect circuits 
are self timed to guarantee proper 
initialization of the 8XC575. Reset will be held 
approximately 24 oscillator periods aller 
normal conditions are detected by all enabled 
detect circuits. Internal resets do not drive 
FIST but will cause missing pulses on ALE. 


Interrupt 
Enable 
(IE) Register 
EA 
IE.7 
enable all interrupts 


EC 
(E',..§~ enabl!l peA interrupt 


ET2 
IE.5 
enable Timer 2 interrupt 


ES 
IE.4 
enable Serial I/O interrupt 


ET1 
IE.3 
enable Timer 1 interrupt 


EX1 
IE.2 
enable External interrupt 1 


ETO 
IE.1 
enable nmer 0 interrupt 


EXO 
IE.O 
enable External interrupt a 


Auxiliary 
Register 
Bit Definitions 


{AUXR= 
8EH) 
AO 
AUXR.O 
ALE Off, 
when set turns off ALE 


LO 
AUXR.1 
Low Speed, 
reduces internal clock drive 


Port 2 Pullup Disable 
Register 


(P20D = OA1H) 
Port 2 pullups can be disabled by writing 
ones to P200. 
Each bit in P200 
controls the 
corresponding 
bit in P2. P20D resets to all 


zeros enabling Port 2 pull ups. Writing one to 
a P200 
bit disables pullups at the 


corresponding 
port 2 bit making the output 


open drain. 


reserved 
PCA interrupt priority 
Timer 2 interrupt priority 
Serial I/O interrupt priority 
nmer 
1 interrupt priority 
Extemal interrupt 1 priority 
nmer 0 interrupt priority 
External interrupt 0 priority 


Flag 
Vector 


IEO 
03H highest priority 
TFO 
OBH 
IE1 
13H 
TF1 
1BH 
CF,CCFn 33H 
RI,TI 
23H 
TF2IEXF22BH lowest priority 


Priority Source 


1 
INTO 
2 
TImer0 
3 
INT1 
4 
TImer! 
5 
PCA 
6 
5eriall/O 
7 
TImer2 


Power Control 
(PCON) Register 
SM001 
PCON.7 
double baud rate bit 
SMOOO 
PCON.6 
SCON.7 access control 
OSF 
PCON.5 
oscillator fail flag 
POF 
PCON.4 
power off flag 
LVF 
PCON.3 
low voltage flag 
GFO 
PCON.2 
general purpose flag 
PO 
PCON.1 
power down mode bit 
IOL 
PCON.O 
idle mode bit 


OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 3-722. 


To drive the device from an extemal clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the 
extemal clock signal, because the input to 
the intemal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER·DOWN 
MODE 


In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction execu1ed. 
Only the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are in the speciallunction 
register PCON. Power-down mode can be 
terminated with either a hardware reset or 
extemal interrupt. With an extemal interrupt 
lfrrlj or Il'rrf must be enabled and 
configured as level sensitive. Holding the pin 
low restarts to oscillator and bringing the pin 
back high completes the exit. 


If the watchdog is enabled (WDRUN = 1), 
then power-down mode is disabled. 


DESIGN 
CONSIDERATIONS 


At power.:on, the voltage on Vcc must come 
up with 'RST low for a proper start-up. 


Table 2 shows the state of 1/0 ports during 
low current operating modes. 


MODE 
PROGRAM MEMORY 
ALE 
J5SER 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Intemal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
Extemal 
1 
1 
Roat 
Data 
Address 
Data 


Power-down 
Intemal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
Extemal 
0 
0 
Float 
Data 
Data 
Data 


ROM CODE SUBMISSION 
When submitting ROM code for the 83C575, the following must be specified: 
1. 8k byte user ROM data 
2. 32 byte ROM encryption key 
3. 
ROM security bits 


4. The watchdog timer parameters. 


ADDRESS 
CONTENT 
BIT(S) 
COMMENT 


OOOOHto 1FFFH 
DATA 
7:0 
User ROM Data 


2000H to 201 FH 
KEY 
7:0 
ROM Encryption Key 


FFH = no encryption 


2020H 
Reserved 
2 
Must = 1 
Security Bit 2 
1 
0= enable, 1 = disable 


Security Bit 1 
0 
o = enable, 1 = disable 


2030H 
Reserved 
7:0 
Must = FFH 


2031H 
Reserved 
7:0 
Must = FFH 


2032H 
WDL' 
7:0 
Watchdog reload value 


(see specification) 


2033H 
WDCON' 
7:5 
PRE2:0 


2033H 
WDCON' 
4 
LVRE 


2033H 
WDCON' 
3 
OFRE 


2033H 
WDCON' 
2 
WDRUN=O, not ROM coded 


WDCON1 
1 
WDTOF=O, not ROM coded 
- 
2033H 


2033H 
WDCON1 
0 
WDMOD 


NOTES: 
1. See Watchdog TImer Specification for definition of WDL and WDCON bits. 


Security 
Bit 1: When programmed, this bit has two effects on masked ROM parts: 
1. Extemal MOVC is disabled, and 
2. 
EA# is latched on Resel. 


Security 
Bit 2: When programmed, this bit inhibits Verify User ROM. 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
-55 to +125 
·C 


Storage temperature range 
~5 
to +150 
·C 


Voltage on tAlVpp 
pin to Vss 
Oto+13.0 
V 


Voltage on any other pin to Vss 
-0.5 to +6.5 
V 


Maximum IOL per 1/0 pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not 
1.5 
W 
device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 


of this specification is not implied. 
2. 
This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 
Tamb= O°C to +70°C and -40°C to +125°C, VCC = 5V ±10%, VSS = OV 


TEST 
UMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typl 
MAX 
UNIT 


Vil 
Input low voltage (Ports 0, 2, 3, except 3.2, 3.3) 
-<l.5 
0.5VcC-<>·6 
V 


VIU 
Input low voltage (Ports 1, 3.2, 3.3) 
-<l.5 
0.65VcC-<>·5 
V 


VIL2 
Input low voltage (EJI:) 
0 
0.2VcC-<>.45 
V 


VIl3 
Input low voltage ()eTAL1, RSTj 
-<l.5 
0.2VcC-<>·1 
V 


VIH 
Input high voltage (Ports 0, 2, 3, except 3.2, 3.3) 
0.5Vcc+0.B 
Vcc+0.5 
V 


VIHl 
Input high voltage (Ports 1, 3.2, 3.3) 
0.BVcc+0.3 
Vcc+0.5 
V 


VIH2 
Input high voltage (Ell:) 
0.2Vcc+O·9 
Vcc+O·5 
V 


VIH3 
Input high voltage (XTAL 1, RST) 
O·7Vcc 
Vcc+0.5 
V 


HYS 
Hysteresis (Ports 0, 2, 3, except 3.2, 3.3) 
200 
mV 


HYS1 
Hysteresis (Ports 1, 3.2, 3.3) 
50 
mV 


VOL 
Output voltage low (Ports 1, 2, 3, except 3.1) 
IOl= 
1.6mA 
0.45 
V 


Vou 
Output vonage low (Ports 0, ALE, PSm 
IOl=3.2mA 
0.45 
V 


VOL2 
Output voltage low 


P3.t with bit cleared 
IOl= 
to.OmA 
0.50 
V 


P3.t with bit set 
IOl= 
1.6mA 
0.45 
V 


VOH 
Output voltage high (Ports 1, 2, 3, except P3.1) 
IOH= -301lA 
VcC-<>·7 
V 


VOHl 
~~tl 
voltage high (Port 0 in extemal bus mode, ALE, 
IOH=-3·2mA 
VcC-<>·7 
V 


VOH2 
Output voltage high 


P3.1 with bit cleared 
IOH=-10.0mA 
Vcc--1.5 
V 


P3.1 with bit set 
IOH=-1.6mA 
Vcc--1.5 
V 


VIO 
Offset voltage comparator inputs 
-35 
+35 
mV 


VCR 
Common mode range comparator inputs 
0 
Vcc 
V 


III 
Logical 0 input current (Ports 1, 2, 3, except 3.1) 
VIN = 0.45V 
-75 
IlA 


ITl 
Logical Ho-O transition current 
See Note 4 
--600 
IlA 
(Ports 2, 3, except 3. t , 3.2, 3.3) 4 


ITLl 
Logical 1-to-0 transition current (Ports 1, 3.2, 3.3) 
See Note 4 
-450 
IlA 


Iu 
Input leakage current (Port 0, Port2 in open 
0.45 < VIN < Vcc 
2 
40 
IlA 
drain mode)9 


1L2 
Input leakage current (EJI:, P3.1) 
0.45 < VIN < Vcc 
-10 
+10 
IlA 


ILC 
Input leakage current comparator inputs 
0<V1N<VCC 
-t.O 
+1.0 
IlA 


Icc 
Power supply current:7 
See note 6 


Active mode 
@ 16MHzs 
20 
30 
mA 
Idle mode 
@ 16MHz 
B 
12 
mA 
Power-down mode 
5 
75 
IlA 


RRST 
Internal reset pUll-up resistor 
VIN = OV 
50 
200 
kQ 


VLOW 
Low Vcc detect voltage 
4.0 
4.45 
V 


CIO 
Pin capacitance 10 
f=lMHz 
10 
pF 


NOTES TO THE DC ELECTRICAL CHARACTERISTICS 
TABLE: 


1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VQLSof ALE and ports 1 and 3. The noise is due 
to extemal bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed O.BV.In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and J5SEIiI to momentarily fall below the 0.9Vee specification when the 
address bits are stabilizing. 


4. 
Pins of ports 1, 2 and 3 source a transition current when they are being extemally driven from 1 to O.The transition current reaches ns 
maximum value when VIN is between VIH and VIL. 


5. 
leeMAX at other frequencies can be determined from Figure 29. 
6. 
See Figures 30 through 33 for Ice test conditions. 
7. 
Load capacitance for port 0, ALE, and J5SEIiI = 100pF, load capacitance for all other outputs = 80pF. 


B. Under steady state (non-transient) conditions, IOLmust be extemally limited as follows: 
Maximum IQLper port pin: 
10mA 


Maximum IOLper B-bit port: 
26mA 


Maximum total IOLfor all outputs: 
71mA 
If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


9. 
Specification applies to Port 2 when P20D bit is set. 


10. 15pF MAX for the FJiNpp and PO.Opins. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C and -40°C to +125°C, VCC= 5V ±10%, Vss = OV1,2 


VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
UNIT 


1/lcLCL 
22 
Oscillator frequency: 
Speed Versions 
BXC575 
E 
6 
16 
MHz 


OSCF 
Oscillator fail detect frequency 
0.6 
5.5 
MHz 


TR 
Comparator response time 
10 
IlS 


tLHLL 
22 
ALE pulse width 
21cLCL-40 
ns 


tAVLL 
22 
Address valid to ALE low 
IcLCL-25 
ns 


tLLAX 
22 
Address hold after ALE low 
IcLCL-25 
ns 


tLLlV 
22 
ALE low to valid instruction in 
4lcLCL-75 
ns 


tLLPL 
22 
ALE low to PSEJillow 
IcLCL-25 
ns 


tpLPH 
22 
PSEJil pulse width 
3lcLCL-45 
ns 


tPLIV 
22 
PSEJillow to valid instruction in 
3lcLCL-70 
ns 


tPXIX 
22 
Input instruction hold after PSEJil 
0 
ns 


tPXIZ 
22 
Input instruction float after PSEJil 
IcLCL-25 
ns 


tAVIV 
22 
Address to valid instruction in 
5lcLcL-85 
ns 


tpLAZ 
22 
PSEJillow to address float 
10 
ns 


Data Memory 


tRLRH 
23,24 
'RO pulse width 
6!cLCL-100 
ns 


tWLWH 
23,24 
WR pulse width 
6lcLCL-100 
ns 


tRLOV 
23,24 
'RO low to valid data in 
5lcLCL-110 
ns 


tRHDX 
23,24 
Data hold after 'RO 
0 
ns 


tRHDZ 
23,24 
Data float after 'RO 
21cLCL-2B 
ns 


tLLDV 
23,24 
ALE low to valid data in 
BlcLcL-150 
ns 


tAVDV 
23,24 
Address to valid data in 
, 
9lcLCL-165 
ns 


tLLWL 
23,24 
ALE low to 'RO or WR low 
3lcLCL-50 
3lcLcL+50 
ns 


tAVWL 
23,24 
Address valid to WR low or 'RO low 
4lcLCL-75 
ns 


tavwx 
23,24 
Data valid to WR transition 
tCLCL-30 
ns 


tWHQX 
23,24 
Data hold after WR 
IcLCL-25 
ns 


tRLAZ 
23,24 
'RO low to address float 
0 
ns 


tWHLH 
23,24 
'RO or WR high to ALE high 
IcLCL-25 
IcLCL+25 
ns 


External 
Clock 


tCHCX 
26 
High time 
12 
ns 


tCLCX 
26 
Low time 
12 
ns 


tCLCH 
26 
Rise time 
20 
ns 


tCHCL 
26 
Fall time 
20 
ns 


Shift Register 


tXLXL 
25 
Serial port clock cycle time 
121cLCL 
ns 


tavXH 
25 
Output data setup to clock rising edge 
10lcLCL-133 
ns 


tXHQX 
25 
Output data hold after clock rising edge 
21cLCL--60 
ns 


tXHDX 
25 
Input data hold after clock rising edge 
0 
ns 


tXHDV 
25 
Clock rising edge to input data valid 
1OlcLCL-133 
ns 
NOTES: 
1. 
Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and PSEJil = 100pF, load capacitance for all other outputs = BOpF. 
3. 
Interfacing the BOC32152to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
P - J5Srn 
first character is always 'f (= time). The other 
a - Output data 
characters, depending on their positions, 
R - l'ID signal 
indicate the name of a signal or the logical 
t 
- Time 


status of that signal. The designations are: 
V - Valid 


A - Address 
W- 
WR signal 
C - Clock 
X - 
No longer a valid logic level 
o - Input data 
Z - 
Float 


H - 
Logic level high 
Examples: tAvLL= Time for address valid to 


I - 
Instruction (program memory contents) 
ALE low. 
L - Logic level low, or ALE 
tLLPL=Time for ALE low to 
J5Srnlow. 


It.LWL 
IWLWH 


WR 


It.LAX 


IAVLL 
tavwx 


taVWH 


PORTO 
DATAOUT 
AQ-A7 FROM PCl 


HIIXHQxl 


OUTPUT DATA, 
t 
WRITE TO SBUF 


INPUT DATA 
~' 


CLEAR RI 


VC~·5 
- 
- 
-- 
O.7VCC 
O.45V 
O.2VC~.1 


Vcc-<J 


5=x 
>C 
02VCC..oS 


o 45V 
.~0_2V_C~c-<J~_1 
_ 


NOTE: 
AC inputs during testing are driven at Vcc -0.5 for a logic ',' and OA5V for a logic '0', 
Timing 
measurements 
are made at VIH min for a logIc ',' 
and Vil max for a logic '0'. 


TIMING 
REFERENCE 
POINTS 


NOTE: 
For timing purposes, a port is no longer floating when a l00mV change from load voltage occurs, 
and begins 
to float when 
• lDOmV change 
from the loaded ValVa. 
level occurs. 10tfIa. ~:i2OmA. 


10 


FREQUENCY (MHz) 


Figure 29. ICCvs. FREQ 
Valid only within 
frequancy 
specifications 
of the device undar test 


Figure 30. Icc Test Condition, 
Active Mode 
All other pins are disconnected 


vee 


Ice 


Figure 31. Icc Test Condition, 
Idle Mode 
All other pins are disconnected 


veC-O·5 - - - - 


o·7Vee 
O.45V 
o.2VeC-O.1 


Figure 32. Clock Signal Waveform 
for Icc Tests in Active and Idle Modes 


teLCH = teHCL = 5ns 


Vee 


Ice 


Figure 33. Ice Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Vee = 2V to 5.5V 


EPROM 
CHARACTERISTICS 
To put the 87C575 in the EPROM 
programming mode, PSEN must be held high 
during power up, then driven low with reset 
active. The 87C575 is programmed by using 
a modified Quick-Pulse Programming"" 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEIF'l'IOO pulses. 


The 87C575 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C575 manufactured by Philips. 


Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the security bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 34 and 35. Figure 36 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 34. Note that 
the 87C575 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 34. The code byte to be 
programmed into that location is applied to 
port O. RST, 15SEN and pins of ports 2 and 3 
specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The 
ALEIF'l'IOO is pulsed low 25 times as shown 
in Figure 35. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the security bits, repeat the 25 
pulse programming sequence using the 'Pgm 
Security Bit' levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 


Note that the FANpp 
pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 
If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 36. The other pins are held at the 
'Verify Code Data' levels indicated in Table 3. 
The contents of the address location will be 
emitted on port O.External pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H); 
15H indicates manufactured by 
Philips 


(BOH) ; 
97H indicates 87C575 


ProgramNerify 
Algorithms 


Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, 
is suitable. 


Erasure 
Characteristics 


Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 
4,000 angstroms. 


Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 


is recommended 
that an opaque 
label be 


placed over the window. 
For elevated 


temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, 
or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-slcm2. Exposing the EPROM to an 
ultraviolet lamp of 12,0001lW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
PSER 
ALEIPROG 
£JJVpp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
0 
0 
1 
1 
0 
0 
0 
0 


Program code data 
0 
0 
O· 
Vpp 
1 
0 
1 
1 


Verify code data 
0 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
0 
0 
O· 
Vpp 
1 
0 
1 
0 


Pgm security bit 1 
0 
0 
O· 
Vpp 
1 
1 
1 
1 


Pgm security bit 2 
0 
0 
O· 
Vpp 
1 
1 
0 
0 


NOTE'S. 
1. '0'; 
Valid low for that pin, '1'; 
valid high for that pin. 


2. 
Vpp; 
12.75V ±O.25V. 


3. 
Vcc; 
5V±10% during programming and verification. 
ALEIF'l'IOO receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100llS (+1OilS) and high for a 
mll1lmUm of 1Oils. 
- 


Vcc 


P' 
PO 


RST 
~PP 


P3.6 
AlEIPROG 


P3.7 
87C575 
J5SEIiI 


XTAL2 
P2.7 


P2.6 


XTAl' 
P2.lH'2.4 


VSS 


! 
c: 
1 
1~sMIN 
-+f 
~I"~---- 
100J.1s±10 ----~·l 


ALEII'ROG' --0 
l~ 
n 
n~_ 


Vcc 


Ao-A7 
PI 
PO 
PGM DATA 


RST 
~PP 


P3.6 
AlEIPROG 


P3.7 
87C575 
J5SEIiI 


XTAL2 
P2.7 
o emrnrE 


P2.6 


XTAL1 
P2.o--P2.4 
AS-A12 


VSS 


SU00250 


Figure 36. Program Verification 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C to +27°C. vcc = 5V±10%. vss = OV (See Figure 37) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming supply voltage 
., 
12.5 
13.0 
V 


Ipp 
Programming supply current 
50 
mA 


l!tcLCL 
Oscillator frequency 
4 
6 
MHz 


tAVGL 
Address setup to ~ 
low 
48teLCL 


lGHAX 
Address hold after ~ 
48teLCL 


tOVGL 
Data setup to ~ 
low 
48teLCL 


lGHOX 
Data hold after ~ 
48teLCL 


tEHSH 
P2.7 (EI'lIm[E) 
high to Vpp 
48teLCL 


tSHGL 
Vpp setup to ~ 
low 
10 
~s 


lGHSL 
Vpp hold after ~ 
10 
~ 


lGLGH 
~width 
90 
110 
~s 


tAvav 
Address to data valid 
48teLCL 


teLQZ 
~ 
low to data valid 
48teLCL 


teHQZ 
Data float after ~ 
0 
48teLCL 


lGHGL 
~high 
to ~Iow 
10 
~s 


PROGRAMMING- 
VEAIFICATION* 


Pl.o-Pl.7 
ADDRESS 
ADDRESS 
P2.Q-P2.4 


tAvav 


PORTO 
DATAIN 
DATA OUT 


Philips Semiconductors 


FEATURES 


• BOC51 based architecture 
- 
Bk x B ROM (B3C576) 


- 
Bk x B EPROM (B7C576) 


- 
256xBRAM 


- 
10-bit, 6 channel AID 


- 
Three 16-bit counter/timers 


- 
2 PWM outputs 


- 
Programmable Counter Array 


- 
Universal Peripheral Interface 


- 
Enhanced UART 


- 
Oscillator fail detect 


- 
Low active reset 


- 
4 analog comparators 


- 
Watchdog timer 


- 
Low Vcc detect 


- 
Power-on detect 


• Memory addressing capability 
- 
64k ROM and 64k RAM 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 


• CMOS and TTL compatible 


.6 
to 16MHz 


• Extended temperature ranges 


• OTP package available 


• EPROM/OTP versions can be programmed in circuit 


• Software Reset 


• 15 source, 2 level interrupt structure 


• Lower EMI noise 


• Programmable I/O pins 


• Serial on-board programming 


• Schmitt trigger inputs on Port 1 


DESCRIPTION 
The Philips B3C5761B7C576 is a high-performance 
microcontroller 


fabricated with Philips high-density CMOS technology. The Philips 
CMOS technology combines the high speed and density 
characteristics of HMOS with the low power attributes of CMOS. 
Philips epitaxial substrate minimizes latch-up sensitivity. 


The BXC576 contains an Bk x B ROM (B3C576) EPROM (87C576), 
a 256 x 8 RAM, 32 I/O lines, three 16-bit counter/timers, 
a 


Programmable Counter Array (PCA), a 10-bit, 6 channel AID, 
2 PWM outputs, an 8-bit UPI interface, a fifteen-source, 
two-priority 
level nested interrupt structure, an enhanced UART, four analog 
comparators, 
power-fail detect and oscillator fail detect circuits, and 
on-chip oscillator and clock circuits. 


In addition, the 8XC576 has a low active reset, and a software reset. 
There is also a fully configurable watchdog timer, and intemal power 
on clear circuit. The part includes idle mode and power-down mode 
states for reduced power consumption. 


ROMless 
ROM 
EPROM1 
TEMPERATURE 
RANGE °C AND PACKAGE 
FREQ 
DRAWING 


(MHz) 
NUMBER 


P80C576EBPN 
P83C576EBP N 
P87C576EBPN 
OTP 
o to +70, 40-Pin Plastic Dual In-line Package 
16 
SOT129-1 


P80C576EBAA 
P83C576EBAA 
P87C576EBAA 
OTP 
o to +70, 44-Pin Plastic Leaded Chip Carrier 
16 
50T187-2 


PB7C576EBFFA 
UV 
o to +70, 40-Pin Ceramic Dual In-line Package 
16 
0590B 


P87C576EBL KA 
UV 
o to +70, 44-Pin Ceramic Leaded Chip Carrier 
16 
1472A 


P80C576EBBB 
P83C576EBBB 
P87C576EBBB 
OTP 
o to +70, 44-Pin Plastic Quad Flat Pack 
16 
50T307-2 


PBOC576EFPN 
P83C576EFP N 
P87C576EBPN 
OTP 
-40 to +85, 40-Pin Plastic Dual In-line Package 
16 
50T129-1 


PBOC576EFA A 
P83C576EFA A 
P87C576EFAA 
OTP 
-40 to +85, 44-Pin Plastic Leaded Chip Carrier 
16 
50T187-2 


PB7C576EFF FA 
UV 
-40 to +85, 40-Pin Ceramic Dual In-line Package 
16 
0590B 


P87C576EFL KA 
UV 
-40 to +B5, 44-Pin Ceramic Leaded Chip Carrier 
16 
1472A 


P80C576EFBB 
P83C576EFB B 
P87C576EFB B 
OTP 
-40 to +85, 44-Pin Plastic Quad Flat Pack 
16 
SOT307-2 


P83C576EHPN 
P87C576EHPN 
OTP 
-40 to +125, 40-Pin Plastic Dual In-line Package 
16 
SOT129-1 


P83C576EHAA 
P87C576EHAA 
OTP 
-40 to +125, 44-Pin Plastic Leaded Chip Carrier 
16 
SOT187-2 


P83C576EHBB 
P87C576EHBB 
OTP 
-40 to +125, 44-Pin Plastic Quad Flat Pack 
16 
SOT307-2 


NOTE: 
1. OTP - One Time Programmable 
EPROM. 
UV - Erasable EPROM 


PIN CONFIGURATIONS 


4D-pin Dual In-line Package 


+VREPAVCC 
1 


-VREpAVSS 
2 


(ADINe) P1.0 


(AOlN1) PI.1 
4 


(ADlN2) P1.2 
5 


(ADIN3)PI.3 
6 


(ADIN4)PU 
7 


(AOIN5)P1.5 
8 


CMPR-I1T11P3.5 
1 


CMPO+IWRIP3.6 
1 


Voo 


PO.OIAOO1DBO 


ElWpp 


ALEIPROO 


PSER 


P2.61A14/CEX4IPWMO 


P2.51A'3IT2A::S" 


P2"'Al2!T2EXlAO 


P2.3IA11ICEX3ICMP3 


Pin 
Function 


1 
NC' 


2 
+VREFlAVcc 
3 
-VREPAVSS 
4 
AOINOIP1.0 
5 
AOIN11P1.1 
6 
AOIN2IP1.2 
7 
AOIN3IP1.3 
6 
AOIN4IPU 


9 
AOIN5IP1.5 
10 
RST 


11 
RxDIP3.0 


12 
NC' 
13 
TxDIP3.1 
14 
Im'0IP3.2ICMP3+ 


15 
TRT11P3.3ICMP2+ 


Pin 
Function 
16 
TOIPJAICMP1+ 
17 
T11P3.5ICMPR- 


16 
WRlP3.61CMPO+ 
19 
RD"1P3.7/CMPO- 


20 
XTAl2 
21 
XTAL1 
22 
Vss 


23 NC' 
24 
P2.OIABICEXOICMPO 


25 
P2.lIA9ICEX1ICMP1 


26 
P2.21A101CEX2ICMP2 


27 
P2.3IA11ICEX3ICMP3 


28 
P2.41A121T2EX1AO 


29 
P2.51A13IT2ICS 
30 
P2.61A141CEX4IPWMO 


Pin Function 
31 
P2.7/AI5IPWM1IECt 


32 
PSER 


33 
AlEll'ROO 
M 
NC' 
35 
ElWpp 


36 
PO.7/AD7/DB7 


37 
PO.61A061DB6 
38 
PO.51AOS1DB5 


39 
PO.41A041DB4 
40 
PO.3IAD3IDB3 
41 
PO.21A021DB2 
42 
PO.lIAD1/DB1 
43 
PO.OIAOO1DBO 


44 
Vcc 


11 
23 


12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
, 
AOIN3IP1.3 
16 
Vss 
31 
PO.61AD6IDB6 


2 
AOIN4IPU 
17 
NC' 
32 
PO.51A05IDB5 


3 
ADIN5IP1.5 
16 
P2.OIABICEXOICMPO 
33 
PO.41A04IDB4 


4 
RST 
19 
P2.lIA9ICEX1ICMPI 
M 
PO.3IA03IOB3 


5 
RxDlP3.0 
20 
P2.21A,OICEX2ICMP2 
35 
PO.21A021DB2 


6 
NC' 
21 
P2.3IA11ICEX3ICMP3 
36 
PO.lIAD,/DB' 


7 
TXDlP3.1 
22 
P2.41Al2!T2EX1AO 
37 
PO.OIAOO1DBO 


8 
Im'0IP3.2ICMP3+ 
23 
P2.51A13IT2ICS 
38 
Ycc 


9 
Im'11P3.3ICMP2+ 
24 
P2.61A141CEX4IPWMO 
39 
NC' 


10 
T0IP3.4ICMP1+ 
25 
P2.7/A151PWM1/ECI 
40 
+VREPAVce 


11 
T11P3.5ICMPR- 
26 
PSER 
4' 
-VREpAVSS 


12 
WRlP3.6ICMPO+ 
27 
AlEll'ROO 
42 
ADlNOlP1.0 


'3 
R01P3. 7CMP~ 
28 
NC' 
43 
ADIN11P1.1 


14 
XTAl2 
29 
ElWpp 
44 
ADIN2IP1.2 


15 
XTAL1 
30 
PO.7/AD7/OB7 


• DO NOT CONNECT 
SU00253B 


3-757 


RST 
EJWpp_ 
PSrn_ 
~lR:O~~ 
b TxD+- 
-+ 


CMP3+ 
-+ ~ Tml5 -+ 
(0) 
-+ 


CMP2+ -+ u. Jm'T -+.... 
-+ 


CMP1+ 
- 
r;: TO-15I- 
CMPR- 
---+ 
C§ 
T1 -+ 
Q. -+ 


CMPO+ -+ ~ WR+- 
---+ 


CMPO- -+ 
@ 
RD+- 
-+ 


en 


_DBO 
+--081 
_DB2 
_DB3 
....--.084 
+--085 
_DB6 


(/J 
~DB7 
z 
~ 
it 
~ 
15 


<4--- 
ADINa 


+--ADIN1 
<4---AOIN2 
_ADIN3 
_ADIN4 
_ADINS 
+-- 
PWM1IECI 


_CEX4IPWMO 
_T2ICS' 
<4--- 
T2EXJAD 
_CEX3ICMP3 
+-- 
CEX2ICMP2 
+-- 
CEX1/CMP1 


_CEXOICMPO 


r-------------- 
I 
I 
I 
I 


---------------l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


Vss 
20 
22 
16 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
38 
I 
Power Supply: 
This is the power supply voltage for normal, idle, and power-down 


operation. 


PO.0-0.7 
39-32 
43-36 
37-30 
I/O 
Port 0: Port 0 is a bidirectional I/O port. Port 0 is also the multiplexed low-order address and 
data bus during accesses to external program and data memory (see Note 5). In this 
application, it uses strong internal pull-ups when emitting 1s. Port 0 also receives code bytes 
during parallel EPROM programming and outputs code bytes during verification. Extemal 
pull-ups are required during program verification. During reset, the port register is loaded 
with 1'soPort 0 has 4 output modes selected on a per bit basis by writing to the POM1 and 
POM2 Special Function Registers as follows: 
POM1.x 
POM2.x 
Mode Description 
0 
0 
Open drain (default). See Note 1. 


0 
1 
Weak pullup. See Note 2. 


1 
0 
High impedance. See Note 3. 


1 
1 
PuSh-pull. See Note 4. 
Port 0 is also the data I/O port for the Universal Peripheral Interface (UPI). When the UPI is 
enabled, port 0 must be co~ured 
as High-Z by the user. Input/Output through POis 


controlled by pin CS, WR, 
, and AO. Output is push-pull when enabled. 


P1.0-P1.5 
3-8 
5-9 
42-44 
I/O 
Port 1: Port 1 is a 6-bit bidirectional I/O port with Schmitt trigger inputs. Port 1 receives the 
1-3 
control signals during program memory verification and parallel EPROM programming. 
During reset, port 1 is configured as a high impedance analog input port. Digital push-pull 


i 
outputs are enabled by writing 1's to the P1M1 register. The programmer must take care to 
prevent digital outputs from switching while an AID conversion is in progress. 


P1M1.X 
P1M2.X 
Mode Description 
0 
0 
AID only. (High impedance) 
0 
1 
Digital input only. High impedance (default). 


1 
X 
Push-pull. 


Port 1 pins also serve altemate functions as follows: 


3 
4 
42 
I/O 
P1.0/ADINO 


4 
5 
43 
I/O 
P1.1/ADIN1 


5 
6 
44 
I/O 
P1.2/ADIN2 


6 
7 
1 
I/O 
P1.3/ADIN3 


7 
8 
2 
I/O 
P1.4/ADIN4 


8 
9 
3 
I/O 
P1.5/ADIN5 


P2.0-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port. Port 2 emits the high-order address byte 
during accesses to extemal program and data memory that use 16-bit addresses (MOVX 
@DPTR) (see Note 5). In this application, it uses strong internal pull-ups when emitting 1s. 


- 


Port 2 receives the high-order address byte during program verification and parallel EPROM 
programming. During reset, the port 2 pullups are tumed on synchronously, and the port 
register is loaded with 1'soPort 2 has the following output modes which can be selected on a 
per bit basis by writing to P2M1 and P2MO: 


P2M1.X 
P2M2.X 
Mode Description 
0 
0 
Open drain. See Note 1. 


0 
1 
Weak pullup (default). See Note 2. 


1 
0 
High impedance. See Note 3. 


1 
1 
Push-pull. See Note 4. 


Port 2 pins serve alternate functions as follows: 


21 
24 
18 
P2.0 
CEXO 
PCA module 0 external I/O 
CMPO 
comparator 0 output 


22 
25 
19 
P2.1 
CEX1 
PCA module 1 external I/O 
CMP1 
comparator 1 output 


23 
26 
20 
P2.2 
CEX2 
PCA module 2 external I/O 
CMP2 
comparator 2 output 


24 
27 
21 
P2.3 
CEX3 
PCA module 3 external I/O 
CMP3 
comparator 3 output 


25 
28 
22 
P2.4 
T2EX 
timer 2 capture input 
AD 
UPI address input 
26 
29 
23 
P2.5 
T2 
timer 2 extemall/O 
- 
clock-out (programmable) 


CS 
UPI chip select input 
27 
30 
24 
P2.6 
CEX4 
PCA module 4 external I/O 
PWMO 
Pulse width modulator 0 output 
28 
31 
25 
P2.7 
ECI 
PCA count input 
PWM1 
Pulse width modulator 1 output 


PIN NUMBER 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


+VREFiAVcc 
1 
2 
40 
I 
AID positive 
power supply 


-VREFiAVss 
2 
3 
41 
I 
AID OV reference 


P3.0-P3.7 
10-17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port. Port 3 pins that have 1s written to them can 
13-19 
7-13 
be used as inputs but will source current when externally pulled low (see DC Electrical 
Characteristics: 
IILl. During reset all pins will be synchronously driven high and will remain 
high until written to by software. Port 3 has the following output modes which can be 
selected on a per bit basis by writing to P3M1 and P3M2: 


P3M1.X 
P3M2.X 
Mode Description 
0 
0 
Open drain. See Note 1. 


0 
1 
Weak pullup (default). See Note 2. 


1 
0 
High impedance. See Note 3. 


1 
1 
Push-pull. See Note 4. 


Port 3 pins serve alternate functions as follows: 


10 
11 
5 
I 
P3.0 
RxD 
Serial receive port 


11 
13 
7 
0 
P3.1 
TxD 
Serial transmit port (enabled only when transmitting serial data) 


12 
14 
8 
I 
P3.2 
rtrnl 
Extemal interrupt 0 
CMP3+ 
Comparator 3 positive input 


13 
15 
9 
I 
P3.3 
!RTf 
Extemal interrupt 1 
CMP2+ 
Comparator 2 positive input 


14 
16 
10 
I 
P3.4 
TO 
Timer/counter 0 input 


CMP1+ 
Comparator 1 positive input 
15 
17 
11 
I 
P3.5 
11 
Timer/counter 1 input 
CMPR- 
Common reference to comparators 
1, 2, 3 


16 
18 
12 
0 
P3.6 
WR 
Extemal data memory write strobe 


CMPO+ 
Comparator 0 positive input 
17 
19 
13 
0 
P3.7 
1m 
External data memory read strobe 


CMPG- 
Comparator 0 negative input 


"RST 
9 
10 
4 
I 
Reset: A low on this pin synchronously 
resets all port pins to a high state. The pin must be 


held low with the oscillator running for 24 oscillator cycles to initialize the internal registers. 
An intemal diffused resistor to Vcc permits a power on reset using only an external 
capacitor to Vss. RST has a Schmitt trigger input stage to provide additional noise immunity 
with a slow rising input voltage. 


ALEIPROG 
30 
33 
27 
I/O 
Address 
Latch EnablelProgram 
Pulse: Outpu1 pulse for latching the low byte of the address 


during an access to extemal memory. In normal operation, ALE is emitted at a constant rate 
of 1/6 the oscillator frequency, and can be used for extemal timing or clocking. Note that 
one ALE pulse is skipped during each access to external data memory. ALE is switched off 
if the bit 0 in the AUXR register (8EH) is set. This pin is also the program pulse input 
(I'"ROG) during parallel EPROM programming. (See also Intemal Reset on page 3-779.) 


J5SEN 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to external program memory. When the device is 
executing code from the extemal program memory, J5SEN is activated twice each machine 
cycle, except that two J5SEN activations are skipped during each access to external data 
memory. J5SEN is not activated during fetches from internal program memory. 


~pp 
31 
35 
29 
I 
External 
Access 
EnablelProgramming 
Supply Voltage: 
EA must be externally held low 


to enable the device to fetch code from external program memory locations OOOOHto 
1FFFH. If EA is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 1FFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. 
If this pin is at Vpp 
voltage during reset the device enters the in-circuit programming mode. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the intemal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


NOTES: 
1. When Open Drain mode is selected, ports 0 and 2 have weak pulldowns to guarantee positive leakage current (see DC electrical 
characteristic IIH). 


2. 
When Weak Pullup mode is selected, ports bits that have 1's written to them can be used as inputs but will source current when extemally 
pulled low (see DC electrical characteristic IILl. 


3. 
When High Impedance mode is selected, all pullups and pulldowns are tumed off. The only current sourced or sunk by the pin is the 
parasitic leakage current (see DC electrical characteristic 
1[2or 'LC, as applicable. 


4. 
When Push-Pull mode is selected, strong pullups are on continuously when emitting 1's (see DC electrical characteristic VOH). 


5. 
When Open-Drain, Weak Pull-up, or Push-pull mode is selected. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
ADDRESS MSB 
LSB 
VALUE 


ACC· 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
El 
EO 
OOH 


ADCOH# 
ND Channel 0 MSB 
AAH 
OOH 
ADC1H# 
ND Channell 
MSB 
ABH 
OOH 
ADC2H# 
ND Channel 2 MSB 
ACH 
OOH 
ADC3H# 
ND Channel 3 MSB 
ADH 
OOH 
ADC4H# 
ND Channel 4 MSB 
AEH 
OOH 
ADC5H# 
ND Channel 5 MSB 
AFH 
OOH 
ADCOL# 
ND Channel 0 2·LSBits 
9AH 
OOH 
ADC1L# 
ND Channell 
2·LSBits 
9BH 
OOH 
ADC2L# 
ND Channel 2 2-LSBits 
9CH 
OOH 
ADC3L# 
ND Channel 3 2-LSBits 
9DH 
OOH 
ADC4L# 
ND Channel 4 2-LSBits 
9EH 
OOH 
ADC5L# 
ND Channel 5 2-LSBits 
9FH 
OOH 


ADCON# 
NDControl 
B1H 
ADF 
ADCE T ADBM 
AMODl IAMODO 
ASCA2 
ASCAl 
ASCAO 
OOH 


ADCS# 
ND Channel Select 
B2H 
OOH 


AUXR# 
Auxiliary 
BEH 
- 
1 
- 
T 
- 
I 
- 
I SRST 
TXI 
LO 
AO 
xxxxOOOOB 


B· 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
Fl 
FO 
OOH 


CCAPOH# 
Module 0 Capture High 
FAH 
xxxxxxxxB 
CCAP1H# 
Module 1 Capture High 
FBH 
xxxxxxxxB 
CCAP2H# 
Module 2 Capture High 
FCH 
xxxxxxxxB 
CCAP3H# 
Module 3 Capture High 
FDH 
xxxxxxxxB 
CCAP4H# 
Module 4 Capture High 
FEH 
xxxxxxxxB 
CCAPOL# 
Module 0 Capture Low 
EAH 
xxxxxxxxB 
CCAP1L# 
Module 1 Capture Low 
EBH 
xxxxxxxxB 
CCAP2L# 
Module 2 Capture Low 
ECH 
xxxxxxxxB 
CCAP3L# 
Module 3 Capture Low 
EDH 
xxxxxxxxB 
CCAP4L# 
Module 4 Capture Low 
EEH 
xxxxxxxxB 


CCAPMO# 
Module 0 Mode 
DAH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 
CCAPM1# 
Module 1 Mode 
DBH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 
CCAPM2# 
Module 2 Mode 
DCH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 
CCAPM3# 
Module 3 Mode 
DDH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 
CCAPM4# 
Module 4 Mode 
DEH 
- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
xOOOOOOOB 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
DB 
CCON"# 
PCA Counter Control 
DBH 
CF 
CR 
- 
CCF4 
CCF3 I CCF2 I CCFl 
CCFO 
OOxOOOOOB 
CHI 
PCA Counter High 
F9H 
OOH 
Cl# 
PCA Counter Low 
E9H 
OOH 
CMOD# 
PCA Counter Mode 
D9H 
CIDL 
WDTE 
- 
- 
- 
I CPSl I CPSO 
ECF 
OOxxxOOOB 


C7 
C6 
C5 
C4 
C3 
C2 
Cl 
CO 
CMp·# 
Comparator 
COH 
EC3DP 
EC2DP 
EC1DP 
ECODP I C3RO 
C2RO 
C1RO 
CORO 
OOH 


, 


CMPE# 
Comparator Enable 
92H 
EC3TDC 
EC2TDCI EC1TDC ECOTDCI EC30 
EC20 
EC10 
ECOO 
OOH 
DPTR: 
Data Pointer (2 bytes} 


DPH 
Data Pointer High 
B3H 
OOH 
DPL 
Data Pointer Low 
B2H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
AB 
IEO·# 
Interrupt Enable 0 
ABH 
EA 
I 
EC 
I 
ET2 
I 
ES I 
En 
EXl 
ETO 
EXO 
OOH 
IE1·# 
Interrupt Enable 1 
EBH 
EOB I 
EIB 
I 
EAD I 
EC4 I 
EC3 
I EC2 I ECl 
I 
ECO 
OOH 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
ADDRESS MSB 
LSB 
VALUE 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IPO' 
Interrupt Priority 0 
B8H 
- 
I 
PPC I 
PT2 
I 
PS 
I 
PT1 
I 
PX1 
I 
PTO I 
PXO 
xOOOOOOOB 


IP1'# 
Interrupt Priority 1 
F8H 
POB I 
PIB 
I 
PAD I 
PC4 I 
PC3 
I 
PC2 
I PC1 I 
PCO 
OOH 


87 
86 
85 
84 
83 
82 
81 
80 


PO' 
PortO 
80H 
AD7 I 
AD6 
I 
AD5 
I AD4 I 
AD3 
I 
AD2 
I AD1 I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1' 
Port 1 
90H 
- 
I 
- 
I ADIN5 I ADIN4 I ADIN3 I ADIN2 I ADIN1 I ADINO 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2' 
Port 2 
AOH 
ECI 
I CEX4 I 
T2 
I T2EX I CEX3 I CEX2 I CEX1 I CEXO 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3' 
Port 3 
BOH 
1m 
I WR 
I 
T1 
I 
TO 
I l'l'lTT 
I JNTlj 
I TxD 
I 
RxD 
FFH 


POM1# 
Port 0 Output Mode 1 
84H 
OOH 
POM2# 
Port 0 Output Mode 2 
85H 
OOH 
P1M1# 
Port 1 Output Mode 1 
94H 
OOH 
P1M2# 
Port 1 Output Mode 2 
95H 
3FH 


P2M1# 
Port 2 Output Mode 1 
A4H 
OOH 


P2M2# 
Port 2 Output Mode 2 
A5H 
FFH 
P3M1# 
Port 3 Output Mode 1 
B4H 
OOH 


P3M2# 
Port 3 Output Mode 2 
B5H 
FFH 


PCON 
Power Control 
87H 
SMOD1 I SMODO I OSFl 
I POF' I 
LVF' 
I WDTOF' I 
PD 
I 
IDL 
OOxxxxOOB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW' 
Program Status Word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 I 
RSO I 
OV 
I 
- 
I 
P 
OOH 


PWCON# 
PWMControl 
BCH 
- 
I 
- 
I 
- 
I - 
I PWMF I ENICUl I PWE1 I PWEO 
OOH 


PWMP# 
PWM Prescaler 
BDH 
OOH 


PWMO# 
PWM Register 0 
BEH 
OOH 


PWM1# 
PWM Register 1 
BFH 
OOH 


RACAP2H# 
Timer 2 Capture High 
CBH 
OOH 
RACAP2L# 
Timer 2 Capture Low 
CAH 
OOH 


SADDR# 
Slave Address 
A9H 
OOH 


SADEN# 
Slave Address Mask 
B9H 
OOH 


SBUF 
Serial Data Buffer 
99H 
xxxxxxxxB 
9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCON' 
Serial Control 
98H 
SMOIFEI 
SM1 I 
SM2 
I REN I 
TB8 
I 
RB8 I 
TI 
I 
RI 
OOH 
SP 
Stack Pointer 
81H 
07H 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON' 
Timer Control 
88H 
TF1 
I 
TR1 
I 
TFO I 
TRO I 
IE1 
I 
IT1 
I 
IEO I 
ITO 
OOH 


CF 
CE 
CD 
CC 
CB 
CA 
C9 
C8 


T2CON' 
Timer 2 Control 
C8H 
TF2 
I EXF2 I RCLK I TCLK I EXEN2 I 
TR2 
I Crf2 
I CP/RL2 
OOH 
T2MOD# 
Timer 2 Mode Control 
C9H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
IT20E2 I DCEN 
xxxxxxxOB 


, 
SFRs are bit addressable. 
# 
SFRs are modified from or added to the 80C51 SFRs. 
1. 
Reset value depends on reset source. 


2. 
Programmable clock-out 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS MSB 
LSB 
VALUE 


THO 
TImer High 0 
BCH 
OOH 
TH1 
TImer High 1 
BDH 
OOH 
TH2# 
TImerHigh2 
CDH 
DOH 
TLO 
TImer Low 0 
BAH 
OOH 
TL1 
Timer Low 1 
BBH 
OOH 
TL2# 
TImer Low 2 
CCH 
OOH 


TMOD 
TImer Mode 
B9H 
GATE I 
CfT 
I 
M1 
I 
MO I GATE I 
CfT 
I 
M1 
I 
MO 
OOH 


UCS# 
UPI Control/Status 
B6H 
ST7 I 
ST6 
I 
ST5 
I 
ST4 
I 
UE 
I 
AF 
I 
IBF 
IOBE/OBF 
OOH 


C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 


WDCON# 
WatchdogTImerControl 
C4H 
PRE2 I PRE1 I PREO I LVRE I OFRE I DPD IWDRUNI WDMOD 
11111111B 


WDL# 
WatchdogTImerReload 
C1H 
OOH 
WFEED1# 
Watchdog Feed 1 
C2H 
xxH 
WFEED2# 
Watchdog Feed 2 
C3H 
xxH 
• 
SFRs are bit addressable. 
# 
SFRs are modified from or added to the BOC51 SFRs. 
1. 
Reset value depends on reset source. 


The BXC576 has a number of failure detect circuits to prevent 
abnormal operating conditions. these failure detect circuits generate 
resets as shown in Figure 1. 


POWER 
ON CLEAR I POWER 
ON FLAG 


An on-chip Power On Detect Circuit resets the BXC576 and sets the 
Power Off Flag (PCON.4) on power up or if Vcc drops to zero 
momentarily. The POF can only be cleared by software. The RST 
pin is not driven by the power on detect circuil. The POF can be 
read by software to determine that a power failure has occurred and 
can also be set by software. 


LOW VOLTAGE 
DETECT 
An on-chip Low Voltage Detect circuit sets the Low Voltage Flag 
(PCON.3) if Vcc drops below VLOW(see DC Electrical 
Characteristics) 
and resets the BXC576 if the Low Voltage Reset 
Enable bit (WDCON.4) is sel. If the LVRE is cleared, the reset is 
disabled but LVF will still be set if Vcc is low. The RST pin is not 
driven by the low voltage detect circuit. The LVF can be read by 
software to determine that Vcc was low. The LVF can be set or 
cleared by software. 


OSCILLATOR 
FAIL DETECT 


An on-chip Oscillator Fail Detect circuit sets the Oscillator Fail Flag 
(PCON.5) if the oscillator frequency drops below OSCF for one or 
more cycles (see AC Electrical Characteristics: OSCF) and resets 
the BXC576 if the Oscillator Fail Reset Enable bit (WDCON.3) is set. 
If OFRE is cleared, the reset is disabled but OSF will still be set if 
the oscillator fails. The RST pin is not driven by the oscillator fail 
detect circuil. The OSF can be read by software to determine that 
an oscillator failure has occurred. The OSF can be set or cleared by 
software. 


LOW ACTIVE 
RESET 
One of the most notable features on this part is the low active resel. 
The low active reset operates exactiy the same as high active reset 
with the exception that the part is put into the reset mode by 
applying a low level to the reset pin. For power-on reset it is also 
necessary to invert the power-on reset circuit; connecting the B.2K 
resistor from the reset pin to Vcc and the 10Ilf capacitor from the 
reset pin to ground. Figure 1 shows the reset related circuitry. 


When reset the port pins on the BXC576 are driven high 
synchronously. 


The BXC576 also has Low voltage detection circuitry that will, if 
enabled, force the part to reset when Vcc (on the part) fails below a 
set level. Low Voltage Reset is enabled by a normal resel. Low 
Voltage Reset can be disabled by clearing LVRE (bit 4 in the 
WDCON SFR) then executing a watchdog feed sequence (ASH to 
WFEED1 followed immediately by 5AH to WFEED2). In addition 
there is a flag (LVF) that is set if a low voltage condition is detected. 
The LVF flag is set even if the Low Voltage detection circuitry is 
disabled. Notice that the Low voltage detection circuitry does not 
drive the RST# pin so the LVF IIag is the only way that the 
microcontroller can determine if it has been reset due to a low 
voltage condition. 


The BXC576 has an on-Chip power-on detection circuit that sets the 
POF (PCON.4) flag on power up or if the Vcc level momentarily 
drops to OV.This flag can be used to determine if the part is being 
started from a power-on (cold start) or if a reset has occurred due to 
another condition (warm start). 


The BXC576 can be reset in software by selling the RST bit of the 
AUXR register (AUXR.3). See Figure 1 for reset diagram. 


VlOW 
R~l~~:tl8E) 


TIMERS 
The 8XC576 has four on-chip timers. 


TImers 0 and 1 are identical in every way to Timers 0 and 1 on the 
80C51. 


TImer 2 on the 8XC576 is identical to the 80C52 TImer 2 (described 
in detail in the 80C52 overview) with the exception that it is an up or 
down counter. To configure the TImer to count down the DCEN bit in 
the T2MOD special function register must be set and a low level 
must be present on the T2EX pin (P1.1). 


The Pulse Width Modulator (PWM) system can be used as a timer 
by disabling its outputs and monitoring its counter overflow flag, the 
PWMF bit in the PWCON register (see the PWM section for details). 


The Watchdog timer operation and implementation 
is similar to the 
8XC550 (for additional information see the 8XC550 datasheet) with 
the exception that the reset values of the WDCON and WDL special 
function registers have been changed. The changes in these 
registers cause the watchdog timer to be enabled with a timeout of 
16384 x TOSCwhen the part is reset. The watchdog can be disabled 
by executing a valid feed sequence and then clearing WDRUN (bit 2 
in the WDCON SFR). In timer mode, the timer is controlled by 
toggling the WDRUN bit. The timeout flag, WDTOF, is set when the 
timer overflows and must be cleared in software. 


PROGRAMMABLE 
COUNTER 
ARRAY (PCA) 


The Programmable Counter Array is a special TImer that has five 
16-bit capture/compare 
modules associated with it. Each of the 
modules can be programmed to operate in one of four modes: rising 
and/or falling edge capture, software timer, high-speed output, or 
pulse width modulator. Each module has a pin associated with it in 
port 2. Module 0 is connected to P2.0(CEXO), module 1 to 
P2.1(CEX1), etc. The basic PCA configuration is shown in Figure 2. 


8xC576 
INTERNAL 
RESET 


The PCA timer is a common time base for all five modules and can 
be programmed to run at: 1/12 the oscillator frequency, 1/4 the 
oscillator frequency, the TImer 0 overflow, or the input on the ECI pin 
(P2.7). The timer count source is determined from the CPS1 and 
CPSO bits in the CMOD SFR as follows (see Figure 3): 


CPS1 
o 
o 
1 
1 


CPSO 
o 
1 
o 
1 


PCA Timer Count Source 
1/12 oscillator frequency 
1/4 oscillator frequency 
TImer 0 overflow 
Extemallnput 
at ECI pin (P2.7) 


In the CMOD SFR are three additional bits associated with the PCA. 
They are CIDL which allows the PCA to stop during idle mode, 
WDTE which enables or disables the watchdog function on 
module 4, and ECF which when set causes an interrupt and the 
PCA overflow flag CF (in the CCON SFR) to be set when the PCA 
timer overflows. These functions are shown in Figure 3. 


The watchdog timer function is implemented in module 4 as 
implemented in other parts that have a PCA that are available on the 
market. However, if a watchdog timer is required in the target 
application, it is recommended to use the hardware watchdog timer 
that is implemented on the 87C576 separately from the PCA (see 
Figure 15). 


The CCON SFR contains the run control bit for the PCA and the 
flags for the PCA timer (CF) and each module (refer to Figure 6). To 
run the PCA the CR bit (CCON.6) must be set by software. The 
PCA is shut off by clearing this bit. The CF bit (CCON.7) is set when 
the PCA counter overflows and an interrupt will be generated if the 
ECF bit in the CMOD register is set, The CF bit can only be cleared 
by software. Bits 0 through 4 of the CCON register are the flags for 
the modules (bit 0 for module 0, b~ 1 for module 1, etc.) and are set 
by hardware when either a match or a capture occurs. These flags 


also can only be cleared by software. The PCA interrupt system 
shown in Figure 4. 


Each module in the PCA has a special function register associated 
with it. These registers are: CCAPMO for module 0, CCAPM1 for 
module 1, etc. (see Figure 7). The registers contain the bits that 
control the mode that each module will operate in. The ECCF bit 
(CCAPMn.O where n=O, 1,2, 3, or 4 depending on the module) 
enables the CCF flag in the CCON SFR to generate an interrupt 
when a match or compare occurs in the associated module. PWM 
(CCAPMn.1) enables the pulse width modulation mode. The TOG 
bit (CCAPMn.2) when set causes the CEX output associated with 
the module to toggle when there is a match between the PCA 
counter and the module's capture/compare 
register. The match bit 
MAT (CCAPMn.3) when set will cause the CCFn bit in the CCON 
register to be set when there is a match between the PCA counter 
and the module's capture/compare 
register. 


The next two bits CAPN (CCAPMn.4) and CAPP (CCAPMn.5) 
determine the edge that a capture input will be active on. The CAPN 
bit enables the negative edge, and the CAPP bit enables the 
positive edge. If both bits are set both edges will be enabled and a 
capture will occur for either transition. The last bit in the register 
ECOM (CCAPMn.6) when set enables the comparator function. 
Figure 8 shows the CCAPMn settings for the various PCA functions. 


There are two additional registers associated with each of the PCA 
modules. They are CCAPnH and CCAPnl 
and these are the 


registers that store the 16-bit count when a capture occurs or a 
compare should occur. When a module is used in the PWM mode 
these registers are used to control the duty cycle of the output. 


PCA Capture 
Mode 
To use one of the PCA modules in the capture mode either one or 
both of the CCAPM bits CAPN and CAPP for that module must be 
set. The external CEX input for the module (on port 2) is sampled for 


MODULE 
FUNCTIONS: 
l6-BIT 
CAPTlURE 
l6-BIT 
TIMER 
l6·BIT 
HIGH 
SPEED 
OUTPUT 
8-BITPWM 
WATCHDOG 
TIMER 
(MODULE 
4 ONLY) 


a transition. When a valid transition occurs the PCA hardware loads 
the value of the PCA counter registers (CH and Cl) into the 
module's capture registers (CCAPnl 
and CCAPnH). If the CCFn bit 
for the module in the CCON SFR and the ECCFn bit in the CCAPMn 
SFR are set then an interrupt will be generated. Refer to Figure 9. 


16·bit Software 
Timer Mode 
The PCA modules can be used as software timers by setting both 
the ECOM and MAT bits in the modules CCAPMn register. The PCA 
timer will be compared to the module's capture registers and when a 
match occurs an interrupt will occur if the CCFn (CCON SFR) and 
the ECCFn (CCAPMn SFR) bits for the module are both set (see 
Figure 10). 


High Speed Output 
Mode 
In this mode the CEX output (on port 2) associated with the PCA 
module will toggle each time a match occurs between the PCA 
counter and the module's capture registers. To activate this mode 
the TOG, MAT, and ECOM bits in the module's CCAPMn SFR must 
be set (see Figure 11). 


Pulse Width Modulator 
Mode 
All of the PCA modules can be used as PWM outputs. Figure 12 
shows the PWM function. The frequency of the output depends on 
the source for the PCA timer. All of the modules will have the same 
frequency of output because they all share the PCA timer. The duty 
cycle of each module is independently variable using the module's 
capture register CCAPln. 
When the value of the PCA Cl SFR is 


less than the value in the module's CCAPln 
SFR the output will be 


low, when it is equal to or greater than the output will be high. When 
Cl overflows from FF to 00, CCAPln 
is reloaded with the value in 


CCAPHn. the allows updating the PWM without glitches. The PWM 
and ECOM bits in the module's CCAPMn register must be set to 
enable the PWM mode. 


TO 
INTERRUPT 
PRIORITY 
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~ 
11~71 
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CMOD.OB 
CCAPMn.O I~CCFn I 


WOTE 


6 


CPS1 


2 


CPS1 


CPSO 


Counter Idle control: CIDL; 
0 programs the PCA Counter to continue functioning during idle Mode. 
CIDL; 
1 programs it to be gated off during idle. 


Watchdog Timer Enable: WDTE ; 0 disables Watchdog Timer function on PCA Module 4. WDTE ; 1 enables it. 


Not implemented, reserved for future use.· 


PCA Count Pulse Select bit 1. 


PCA Count Pulse Select bit O. 
CPS1 
CPSO 
Selected 
PCA Input-- 


o 
0 
0 
Internal clock, fose + 12 


o 
1 
1 
Internal clock, fose + 4 


1 
0 
2 
Timer 0 overflow 


1 
1 
3 
External clock at ECI/P2.7 pin (max. rate; 
fose + 8) 


PCA Enable Counter Overflow interrupt: 
ECF ; 1 enables CF bit in CCON to generate an interrupt. ECF; 
0 disables that function of CF. 


NOTE, 
• 
User software 
should 
not write 
15 to reserved 
bits. These 
bits may be used in future 
8051 family 
pl'"oducts 10 invoke 
new features. 
In that case, 
the reset 
or inactive 
value 
altha 


new bit will be O. and its active 
value 
will be 1. The value 
read from 
a reserved 
bit is indeterminate. 
"* -lose 
= oscillator 
frequency 


Symbol 


CF 


CCF4 


CCF3 


CCF2 


CCF1 


CCFO 


Bit Addressable 
I 
CF 
I--C-R- 
C_C_F_4 
C_C_F_3 
__ 
C_C_F_2_ 


6 


CCFO 


o 


PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an interrupt if bit ECF in CMOD is 
set. CF may be set by either hardware or software but can only be cleared by software. 


PCA Counter Run control bit. Set by software to tum the PCA counter on. Must be cleared by software to tum the PCA 
counteroff. 


Not implemented, reserved for Mure 
use·. 


PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 3 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


PCA Module 0 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


NOTE, 


User software 
should 
not write 
1s to reserved 
bits. These 
bits maybe 
used in future 
8051 family 
products 
to invoke 
new features. 
In that case, the reset or inactive 
value 
of the 
new bit wilt be 0, and its active 
value 
will be 1. The value 
read from a reserved 
bit is indeterminate. 


CCAPMO 
CCAPMl 
CCAPM2 
CCAPM3 
CCAPM4 


OOAH 
OOBH 
OOCH 
OOOH 
OOEH 


Not Bit Addressable 
I 
I ECOMn 
CAPPn 
CAPNn 
MATn 


3 


TOGn 


2 


PWMn 
ECCFn 


o 


Function 


Not Implemented, reserved for tuture use', 


Enable Comparator, ECOMn = 1 enables the comparator function. 


Capture Positive, CAPPn = 1 enables positive edge capture. 


Capture Negative, CAPNn = 1 enables negative edge capture. 


Match. When MATn = 1, a match of the PCA counter with this module's compare/capture 
register causes the CCFn bit 


in CCON to be set, flagging an interrupt. 


Toggle. When TOGn = 1, a match of the PCA counter with this module's compare/capture 
register causes the CEXn 


pin to toggle. 
Pulse Width Modulation Mode. PWMn = 1 enables the CEXn pin to be used as a pulse width modulated output. 


Enable CCF interrupt. Enables compare/capture 
flag CCFn in the CCON register to generate an interrupt. 


ECOMn 


CAPPn 


CAPNn 


MATn 


PWMn 


ECCFn 


NOTE: 
·User 
software 
should 
not write 
1s to reserved 
bits. These 
bits may be used in future 
8051 family 
products 
to invoke 
new features. 
In that case, 
the reset or inactive 
value 
of the new 


bit will be 0, and its active 
value will be 1. The value 
read from a reserved 
bit is indeterminate. 


- 
ECOMn 
CAPPn 
CAPNn 
MATn 
TOGn 
PWMn 
ECCFn 
MODULE FUNCTION 


X 
0 
0 
0 
0 
0 
0 
0 
No operation 


X 
X 
1 
0 
0 
0 
0 
X 
16-bit capture by a positive-edge trigger on CEXn 


X 
X 
0 
1 
0 
0 
0 
X 
16-bit capture by a negative trigger on CEXn 


X 
X 
1 
1 
0 
0 
0 
X 
16-bit capture by a transition on CEXn 


X 
1 
0 
0 
1 
0 
0 
X 
16-bit Software Timer 


X 
1 
0 
0 
1 
1 
0 
X 
16-bil High Speed Output 


X 
1 
0 
0 
0 
0 
1 
0 
B-bilPWM 


X 
1 
0 
0 
1 
X 
0 
X 
Watchdog Timer 
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WATCHDOG 
TIMER 


The watchdog timer is not directly loadable by the user. Instead, the 
value to be loaded into the main timer is held in an autoload register 
or is part of the mask ROM programming. In order to cause the main 
timer to be loaded with the appropriate value, a special sequence of 
software action must take place. This operation is referred to as 
feeding the watchdog timer. 


To feed the watchdog, two instructions must be sequentially 
executed successfully. No intervening instruction fetches are 
allowed, so interrupts should be disabled before feeding the 
watchdog. The instructions should move A5H to the WFEEDI 
register and then 5AH to the WFEED2 register. If WFEEDI 
is 


correctly loaded and WFEED2 is not correctly loaded, then an 
immediate underflow will occur. 


The watchdog timer subsystem has two modes of operation. Its 
principal function is a watchdog timer. In this mode it protects the 
system from incorrect code execution by causing a system reset 
when the watchdog timer underflows as a result of a failure of 
software to feed the timer prior to the timer reaching its terminal 
count. If the user does not employ the watchdog function, the 
watchdog subsystem can be used as a timer. In this mode, reaching 
the terminal count sets a flag. In most other respects, the timer 
mode possesses the characteristics of the watchdog mode. This is 
done to protect the integrity of the watchdog function. 


The watchdog timer subsystem consists of a prescaler and a main 
counter. The prescaler has B selectable taps off the final stages and 
the output of a selected tap provides the clock to the main counter. 
The main counter is the section that is loaded as a result of the 
software feeding the watchdog and it is the section that causes the 
system reset (watchdog mode) or time-out flag to be set (timer 
mode) if allowed to reach its terminal count. 


Programming 
the Watchdog 
Timer 
Both the EPROM and ROM devices have a set of SFRs for holding 
the watchdog autoload values and the control bits. The watchdog 
time-out flag is present in the peON register and operates the same 
in all versions. In the EPROM device, the watchdog parameters 
(autoload value and control) are always taken from the SFRs. In the 
ROM device, the watchdog parameters can be mask programmed 
or taken from the SFRs. The selection to take the watchdog 
parameters from the SFRs or from the mask programmed values is 
controlled by EA (extemal access). When EA is high (intemal ROM 
access), the watchdog parameters are taken from the mask 
programmed values. If the watchdog is mask programmed to the 
timer mode, then the autoload values and the pre-scaler taps are 
taken from the SFRs. When EA is low (extemal access), the 
watchdog parameters are taken from the SFRs. The user should be 
able to leave code in his program which initializes the watchdog 
SFRs even though he has migrated to the mask ROM part. This 
allows no code changes from EPROM prototyping to ROM coded 
production parts. The run control bit only functions in timer mode 
and does not require a feed sequence to modify. 


Watchdog 
Detailed 
Operation 


EPROM Device (and ROM less Operation: 
EA = O) 


In the ROMless operation (ROM part, EA = 0) and in the EPROM 
device, the watchdog operates in the following manner (see 
Figure 15). 


Whether the watchdog Is in the watchdog or timer mode, when 
extemal RESET is applied, the following takes place: 


• Watchdog mode bit set to watchdog mode. 


• Watchdog is running. 


• Autoload register set to 00 (min. count). 


• Watchdog time-out flag is unchanged. 


• Prescaler is cleared. 


• Prescaler tap set to the highest divide. 


• Autoload takes place. 


The watchdog can be fed even though it is in the timer mode. 


Note that the operational concept is for the watchdog mode of 
operation, when coming out of a hardware reset, the software 
should load the autoload registers, set the mode to watchdog, clear 
the watchdog timeout flag, and then feed the watchdog (cause an 
autoload). The watchdog will now be starting at a known point. 


If the watchdog is in the watchdog mode and running and happens 
to underflow at the time the external RESET is applied, the 
watchdog time-out flag will be set. 


When the watchdog is in the watchdog mode and the watchdog 
underflows, the following action takes place (see Figure 17): 


• Autoload takes place. 


• Watchdog time-out flag is set 


• Mode bit unchanged. 


• Watchdog run bit unchanged. 


• Autoload register unchanged. 


• Prescaler tap unchanged. 


• All other device action same as external reset. 


Note that if the watchdog underflows, the program counter will start 
from OOHas in the case of an external reset. The watchdog time-out 
flag can be examined to determine if the watchdog has caused the 
reset condition. The watchdog time-out flag bit must be cleared by 
software. 


When the watchdog is in the timer mode and the timer software 
underflows, the following action takes place: 


• Autoload takes place. 


• Watchdog time-out flag is set 


• Mode bit unchanged. 


• Watchdog run bit unchanged. 


• Autoload register unchanged. 


• Prescaler tap unchanged. 


Mask ROM Device (EA = 1) 
In the mask ROM device, the watchdog mode bit (WDMOD) is mask 
programmed and the bit in the watchdog command register is read 
only and reflects the mask programmed selection. If the mask 
programmed mode bit selects the timer mode, then the watchdog 
run bit (WDRUN) operates as described under EPROM Device. If the 
mask programmed bit selects the watchdog mode, then the watchdog 
run bit has no effect on the timer operation (see Figure t 6). 


Watchdog 
Function 
The watchdog consists of a programmable prescaler and the main 
timer. The prescaler derives its clock from the on-chip oscillator. The 
prescaler consists of a divide by 2 followed by a 13 stage upcounter 
with taps from stage 6 through stage 13. This is shown in Figure t8. 


The tap selection is programmable. The watchdog main counter is a 
down counter clocked (decremented) each time the programmable 
prescaler overflows. The watchdog generates an underflow signal 
(and is autoloaded) when the watchdog is at count 0 and the prescaler 
clock decrements the watchdog. The watchdog is 8 bits long and the 
autoload value can range from 0 to FFH. (The autoload value of 0 is 
permissible since the prescaler is cleared upon autoload). 


This leads to the following user design equations. Definitions :Iose 
is the oscillator period, N is the selected prescaler tap value, W is 
the main counter autoload value, tMINis the minimum watchdog 
time-out value (when the autoload value is 0), tMAXis the maximum 
time-out value (when the autoload value is FFH), to is the design 
time-out value. 


tMIN= lose x 2 x 64 


tMAX= tMINx 128 x 256 


to = tMINx 2PREseALERx (W + 1) 
(where prescaler = 0, 1, 2, 3, 4, 5, 6, or?) 


Note that the design procedure is anticipated to be as follows. A 
tMAXwill be chosen either from equipment or operation 
considerations and will most likely be the next convenient value 
higher than tD' (If the watchdog were inadvertently to start from OOH, 
an underflow would be guaranteed, barring other anomalies, to 
occur within tMAX)' 


The software must be written so that a feed operation takes place 
every to seconds from the last feed operation. Some tradeoffs may 
need to be made. It is not advisable to include feed operations in 
minor loops or in subroutines unless the feed operation is a specific 
subroutine. 


Watchdog 
Control 
Register 
(WDCON) 
Address 
C4H 
The following bits of this register are read only in the AOM part 
when Ell: is high: WDMOD, DPD, OFAE, LVAE, PAEO, PAE1, and 
PAE2. That is, the register will reflect the mask programmed values. 
In the AOM part with Ell: high, these bits are taken from mask coded 
bits and are not readable by the program. WDAUN is read only in 
the AOM part when Ell: is high and WDMOD is in the watchdog 
mode. When WDMOD is in the timer mode, WDAUN functions 
normally. 


The parameters written into WDMOD, DPD, OFAE, LVAE, PAEO, 
PAE1, and PAE2 by the program are not applied directly to the 
watchdog timer subsystem. The watchdog timer subsystem is 
directly controlled by a second register which stores these bits. The 
transfer of these bits from the user register to the second control 
register takes place when the watchdog is fed. This prevents 
random code execution from directly foiling the watchdog function. 
This does not affect the operation where these bits are taken from 
mask coded values. 


The reset values of the WDCON and WDL registers will be such that 
the timer resets to the watchdog mode with a timeout period of 2 x 
64 x 128 x lose. The watchdog timer does not generate an interrupt. 


Additional bits in WDCON are used to disable reset generation by 
the oscillator fail and low voltage detect circuits. WDCON can be 
written by software only by executing a valid watchdog feed 
sequence. 


WDCON Register 
Bit Definitions 
WDCON.? 
PAE2 
Prescaler Select 2, reset to 1 


WDCON.6 
PAE1 
Prescaler Select 1, reset to 1 


WDCON.5 
PAEO 
Prescaler Select 0, reset to 1 


WDCON.4 
LVAE 
Low Voltage Aeset Enable, reset to 1 
(enabled) 
Oscillator Fail Aeset Enable, reset to 1 
(enabled) 
Disable Power Down 
Watchdog Aun, reset to 1 (enabled) 
Watchdog Mode, reset to 1 (watchdog 
mode) 


WDCON.2 
DPD 
WDCON.1 
WDAUN 
WDCON.O 
WDMOD 


Enhanced 
UART 
The UAAT operates in all of the usual modes that are described in 
the first section of this book for the 80C51. In addition the UAAT can 
perform framing error detect by looking for missing stop bits, and 
automatic address recognition. The 8XC5?6 UAAT also fully 
supports multiprocessor communication as does the standard 
80C51 UAAT. 


When used for framing error detect the UAAT looks for missing stop 
bits in the communication. 
A missing bit will set the FE bit in the 


SCON register. The FE bit shares the SCON.? bit with SMO and the 
function of SCON.? is determined by PCON.6 (SMODO) (see Figure 
20). If SMODO is set then SCON.? functions as FE. SCON.? 
functions as SMO when SMODO is cleared. When used as FE 
SCON.? can only be cleared by software. Aefer to Figure 19. 


The serial port transmitter data can be inverted by setting the TXI 
(AUXA.2) bit. For normal operation, the TXI bit shouid be cleared. 


Automatic 
Address 
Recognition 
Automatic Address Aecognition is a feature which allows the UAAT 
to recognize certain addresses in the serial bit stream by using 
hardware to make the comparisons. This feature saves a great deal 
of software overhead by eliminating the need for the software to 
examine every serial address which passes by the serial port. This 
feature is enabled by setting the SM2 bit in SCON. In the 9 bit UAAT 
modes, mode 2 and mode 3, the Aeceive Interrupt flag (AI) will be 
automatically set when the received byte contains either the "Given" 
address or the "Broadcast" address. The 9 bit mode requires that 
the 9th information bit is a 1 to indicate that the received information 
is an address and not data. Automatic address recognition is shown 
in Figure 21. 


The 8 bit mode is called Mode 1. In this mode the AI flag will be set 
if SM2 is enabled and the information received has a valid stop bit 
following the 8 address bits and the information is either a Given or 
Broadcast address. 


Mode 0 is the Shift Aegister mode and SM2 is ignored. 


WATCHDOG 
FEED 
SEQUENCE 


MOV 
WFEED1.#OASH 


MOV 
WFEED2,#5AH 


~ 
WDL 
WDCON 


AQQBESS. 


2031H 
2030H 


ROM-<:ODE 


CillilftlL 
Al2IlBESS 
WDCON 
2030H 


=fj 


.ooo 
. 


DOL 
. 
.0.10 
. 


DECODE :i~:::::: 
.103... 
. 


.HO 
. 


.H1 
. 


SCON 
Address = 98H 


Bit Addressable 
I SMOIFE I 
SM1 


Bit: 
7 
6 


(SMODO/1)' 


REN 
TBS 
RBS 


Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit. 


Serial Port Mode Bit 0, (SMODO must = a to access bit SMa) 


Serial Port Mode Bit 1 
SMa 
SM1 
Mode 
Description 
Baud Rate" 


a 
a 
a 
shift register 
fosc!12 
a 
1 
1 
8-bit UART 
variable 
1 
a 
2 
9-bit UART 
fosc!64 or fosc!32 


1 
1 
3 
9-bit UART 
variable 


Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then RI will not be set unless the 
received 9th data bit (RB8) is 1, indicating an address, and the received byte is a Given or Broadcast Address. 
In Mode 1, if SM2 = 1 then RI will not be activated unless a valid stop bit was received, and the received byte is a 
Given or Broadcast Address. In Mode 0, SM2 should be O. 


Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 


In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = 0, RB8 is the stop bit that was received. 
In Mode 0, RB8 is not used. 


Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. Must be cleared by software. 


Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in 
the other modes, in any serial reception (except see SM2). Must be cleared by software. 


NOTE: 
·SMODO/l 
is located 
at PeON.6. 
peON.? 


"fose 
= oscillator 
frequency 


START 
DATABYTE 
ONLY IN 
STOP 


BIT 
MODE 2, 3 
BIT 


Using the Automatic Address Recognition feature allows a master to 
selectively communicate with one or more slaves by invoking the 
Given slave address or addresses, All of the slaves may be 
contacted by using the Broadcast address. Two special Function 
Registers are used to define the slave's address, SADDR, and the 
address mask, SADEN, SADEN is used to define which bits in the 
SADDR are to be used and which bits are "don't care", The SADEN 
mask can be logically ANDed with the SADDR to create the "Given" 
address which the master will use for addressing each of the slaves, 
Use of the Given address allows multiple slaves to be recognized 
while excluding others, The following examples will help to show the 
versatility of this scheme: 


Slave 0 
SADDR 
1100 0000 


SADEN 
1111 1101 


Given 
1100 OOXO 


Slave 1 
SADDR 
1100 0000 


SADEN 
11.1L..111Q 


Given 
1100 OOOX 


In the above example SADDR is the same and the SADEN data is 
used to differentiate between the two slaves, Slave 0 requires a 0 in 
bit 0 and it ignores bit 1, Slave 1 requires a 0 in bit 1 and bit 0 is 
ignored. A unique address for Slave 0 would be 11000010 since 
slave 1 requires a 0 in bit 1. A unique address for slave 1 would be 
11000001 since a 1 in bit 0 will exclude slave 0, Both slaves can be 
selected at the same time by an address which has bit 0 = 0 (for 
slave 0) and bit 1 = 0 (for slave 1). Thus, both could be addressed 
with 11000000, 


In a more complex system the following could be used to select 
slaves 1 and 2 while excluding slave 0: 


SADDR 
SADEN 
Given 


1100 0000 
1111 1001 
1100 OXXO 


Slave 1 
SADDR 
1110 0000 


SADEN 
1111 1010 


Given 
1110 OXOX 


Slave 2 
SADDR 
1110 0000 


SADEN 
1111 1100 


Given 
1110 OOXX 


In the above example the differentiation among the 3 slaves is in the 
lower 3 address bits, Slave 0 requires that bit 0 = 0 and it can be 
uniquely address,ed by 1110 0110. Slave 1 requires that bit 1 = 0 and 
it can be uniquely addressed by 1110 and 0101, Slave 2 requires 
that bit 2 = 0 and its unique address is 1110 0011 , To select Slaves 0 
and 1 and exclude Slave 2 use address 11100100, since it is 
necessary t make bit 2 = 1 to exclude slave 2. 


The Broadcast Address for each slave is created by taking the 
logical OR of SADDR and SADEN, Zeros in this result are treated 
as don't-cares, In most cases, interpreting the don't-cares as ones, 
the broadcast address will be FF hexadecimal. 


Upon reset SADDR (SFR address OA9H) and SADEN (SFR 
address OB9H) are loaded with Os. This produces a given address 
of all "don't cares" as well as a Broadcast address of all "don't 
cares", this effectively disables the Automatic Addressing mode and 
allows the microcontroller to use standard 80C51 type UART drivers 
which do not make use of this feature, 


Analog 
Comparators 
Four analog comparators are provided on chip. Three comparators 
have a common negative reference CMPR- and independent 
positive inputs CMP1+, CMP2+, CMP3+ on port 3, The fourth· 
comparator has independent positive and negative inputs CMPO+ 
and CMPO- on port 2, The CMP register contains an output and 
enable bit for each comparator, Figure 22 shows the connection of 
the comparators, 


When the comparator is enabled, the port should be configured by 
the user as high impedance, 


IN UART 
MODE 
2 OR MODE 
3 AND 
SM2 = 1: 


INTERRUPT 
IF REN=1, 
RBa=1 
AND 
"RECEIVED 
ADDRESS- 
= "PROGRAMMED 
ADDRESS- 
- WHEN 
OWN 
ADDRESS 
RECEIVED, 
CLEAR 
SM2 TO RECEIVE 
DATA BYTES 


- WHEN 
ALL DATA BYTES 
HAVE 
BEEN 
RECEIVED: 
SET SM2 TO WAIT 
FOR NEXT 
ADDRESS. 


CMP Register 
Bit Definitions 
CMP,7 
enable comparator 3 
CMP,6 
enable comparator 2 
CMP,S 
enable comparator 1, 
CMPA 
enable comparator 0 
CMP.3 
comparator 3 output (read only) 
CMP.2 
comparator 2 ou1put (read only) 
CMP.1 
comparator 1 output (read only) 
CMP.O 
comparator 0 outpu1 (read only) 


All comparators are disabled automatically in power down mode. In 
idle mode unused comparators should be disabled by software to 
save power. A comparator can generate an interrupt that will 
terminate idle mode when used to drive a PCA capture input. 


The CMPE register contains bits to enable each comparator to drive 
external output pins or intemal PCA capture inputs. When the 
comparator is configured for extemal output, the user must also 
configure the output port in one of its output modes. The comparator 
output is wire-ORed with the corresponding 
port SFR bit, so the 


SFR bit must also be set by software to enable the output. 


CMPE Register 
Bit Definitions 
CMPE.7 
enables comparator 3 to drive CEX3 
CMPE.6 
enables comparator 2 to drive CEX2 
CMPE.S 
enables comparator 1 to drive CEX1 
CMPEA 
enables comparator 0 to drive CEXO 


CMPE.3 
enables comparator 3 output on P2.3 


CMPE.2 
enables comparator 2 output on P2,2 
CMPE.1 
enables comparator 1 output on P2.1 
CMPE.O 
enables comparator 0 output on P2.0 


When 1s are written to CMPE bits 7-4, the comparator outputs will 
drive the corresponding capture input. When 1s are written to CMPE 
bits 3-0 the comparator output will also drive the corresponding 
port 2 pin. If the comparator's enabled to drive the capture input but 
not the port pin, then the port pin can be used for general purpose 
I/O. When a comparator output is enabled, the user will need to 
configure the port for one of its output modes. 


There are two special 
function 
registers 
associated 
with the 
comparators. They are CMP which contains the comparator enables 


and a bit that can be read by software to determine the state of each 
comparator's output, and CMPE which controls whether the output 
from each comparator drives the associated outpu1 pin or a capture 
input associated with one of the PCA modules. 


The CMP registers bits Q-3 can be read by software to determine 
the state of the output of each comparator. To do this the associated 
comparator must be enabled but the ou1pu1in port 2 can be 
disabled, This allows easy polling of the comparator ou1put value 
without the need to use up a port pin. 


The CMPE register allows the comparator to drive the associated 
PCA module capture input, so that on compare a capture can be 
generated in the PCA. Bits Q-3 of this register enable the 
comparator output to drive the associated port 2 output circuitry. 
Used as a comparator output, the outpu1 mode for this port must be 
configured for output by the user and the port output SFR bit latch 
must be set. If the comparator is not enabled to drive the port 2 
circuitry, the associated port 2 pin can be used for other I/O. This 
includes when a comparator is enabled to drive the capture input to 
a PCA module, 


Reduced EMI Mode 
There are two bits in the AUXR register that can be set to reduce 
the intemal clock drive and disable the ALE output. AO (AUXR.O) 
when set tums off the ALE output. LO (AUXR.1) when set reduces 
the drive of the internal clock circuitry. Both bits are cleared on 
Reset. With LO set the BXCS76 will still operate at 12MHz, and will 
have reduced EMI in the range above 100MHz, 


8XC576 Reduced EMI Mode 


AUXR(OXBE) 
I - 
I - 
I - 
I - 
AO: 
Tums off ALE output. 


LO: 
Reduces drive of internal clock circuitry. 8XCS76 spec'd to 
12MHz when LO set. 
Inverts TxD when set. 
Software reset. 


TXI: 
RST: 


P3.6/CMPO+ 


P3.7/CMPo- 


P3.2/CMP:>+ 


P3.5/CMPR- 


INTERNAL 
RESET 
Internal resets (see Figure 1) generated by the power on, low 
voltage, software (SRST), watchdog and oscillator fail detect circuits 
are self timed to guarantee proper initialization of the 8XC576. Reset 
will be held approximately 24 oscillator periods after normal 
conditions are detected by all enabled detect circuits. Internal resets 
do not drive 11ST but will cause missing pulses on ALE. 


Analog to Digital 
Converter 
The 8XC576 has a 6 channel1 0 bit successive approximation ND 
converter with separate result registers for each channel. Operating 
modes are provided for single or multiple channel conversions and 
multiple conversions of a single channel without software 
intervention. The ADC can also be operated in 8 bit mode with faster 
conversion times. Registers ADCOH-ADC5H 
contain the MSBs and 
ADCOL-ADC5L 
bits 6 and 7 contain the 2 LSBs of the conversion 
result for each channel. The ADCS register determines which 
channels are converted in multiple channel modes. If the ADCS bit 
corresponding to a channel is set, that channel is converted, else if 
the bit is clear the channel is skipped. 


AID Channel 
Select (ADCS) Register 
(Reset Value = DOH) 
ADCS5 
ADCS.5 - ND channel 5 select bit 
ADCS4 
ADCS.4 - ND channel 4 select bit 
ADCS3 
ADCS.3 - ND channel 3 select bit 
ADCS2 
ADCS.2 - ND channel 2 select bit 
ADCS 1 
ADCS.1 - ND channel 1 select bit 
ADCSO 
ADCS.O - ND channel 0 select bit 


AID Control 
(ADCON) Register 
(Reset Value = DOH) 
ADF 
ADCON.7 - ND conversion complete flag 
ADCE 
ADCON.6 - ND conversion enable 
AD8M 
ADCON.5 - ND 8-bit mode 


AMOD1 
AMODO 
ASCA2 
ASCA1 
ASCAO 


AMOD1 
o 


ADCON.4 - ND mode select bit 1 
ADCON.3 - ND mode select bit 0 
ADCON.2 - ND channel address bit 2 
ADCON.1 - ND channel address bit 1 
ADCON.O - ND channel address bit 0 


AMODO 
o 
Single Conversion Mode - channel selected by bits 
ASCA2 ..0 in ADCON is converted, the result placed 
in the associated result registers; ADF is set on 
completion. 


Mulitple Channel Scan Mode - all channels selected 
in the ADCS register are converted starting with the 
channel addressed by bits ASCA2 ..0 in ADON, 
conversion results are placed in the corresponding 
result registers for each channel. ADF is set when 
the last conversion is completed. 


Single Channel Multiple Conversion - channel 
selected by bits ASCA2 ..0 in ADCON is converted 6 
times and all 6 results are saved in ADCOH-ADC5H 
and ADCOL-ADC5L, 
ADF is set when all 


conversions are complete. 


Multiple Channel Continuous - same as Multiple 
Channel Scan mode but repeats as long as 
ADCE=1, ADF is set when all channels have been 
converted once. Hardware will prevent the ADC 
from wiriting to the result registers while they are 
being read. 


Flag ADF is set upon completion of a conversion, if the ADC 
interrupt enable bit EAD is set, the program will vector to the ADC 
interrupt location when ADF is set. 


PWMs 
The pulse width modulator system of the BXC5?6 contains two 
PWM output channels. These channels generate pulses of 
programmable length and interval. The prescaler and counter are 
common to both PWM channels. 


The prescaler is loaded with the complement of the PWMP register 
during counter overflOW, intemal reset, and when EN/CLR# = O.The 
repetition frequency is defined by the B-bit prescaler which clocks 
the counter. The prescaler division factor = PWMP+ 1. Reading the 
PWMP gives the current reload value. The actual count of the 
prescaler cannot be read. 


The B-bit counter counts from 0-254 inclusive. The value of the 
counter is compared to the contents of the compare registers PWMO 
and PWM1. When the counter compares to the compare register, 
that register'S output goes LOW. When the counter reaches zero the 
output is set HIGH unless PWMn = DOH.The duty cycle of each 
channel is defined by the contents of its compare register and is in 
the range of 0 to 1, programmed in increments of 1/255. 


The outputs can be set continuously low by loading PWMn with DOH 
and continuously high by loading with FFH. 


The PWM counter is enabled with bit EN/CLR# of the PWCON 
register. Output to the port pin is separately enabled by setting the 
PWEn bits in the PWCON register. The counter remains active if 
EN/CLR# is set even if both PWEn bits are reset. The PWM function 
is reset by a chip reset. In idle mode, the PWM will function as 
configured by PWCON. In power-down the state of the PWM will 
freeze when the intemal clock stops. If the chip is awakened with an 
external interrupt, the PWM will continue to function from its state 
when power-down was entered. The EN/CLR# bit of PWCON will 
clear the counter and load the contents of the PWMP into the 
prescaler when set LOW. If PWEn is set at this time the output will 
go HIGH unless PWMn is DOH. 


The repetition frequency is given by: 


fosc 
fpWM = (510 x (1 + PWMP)) 


An oscillator frequency of 12MHz results in a repetition range of 
92Hz to 23.5KHz. 


The highllow ratio of PWMn is PWMn/(255-PWMn) 
for PWMn 


values except 255. A PWMn value of 255 results in a high PWMn 
output. 


In order for the PWMn output to be used as a standard 1/0 pin, 
PWMn must be reset. The PWM counter can still be used as an 
internal timer by setting EN/CLR#. 


Pulse Width Modulator 
Control 
Register 
Bit Definitions 


(PWCON = BCH) 
PWMF 
PWCON.3 
Counter overflow flag, 
must be cleared by software 
Counter enable and counter/prescaler 
reset when Low 


PWE1 
PWCON.1 
PWM1 outputto 
P2.? pin enable 


PWEO 
PWCON.O 
PWMO output to P2.6 pin enable 


Auxiliary 
Register 
Bit Definitions 
(AUXR =8EH) 


RST 
AUXR.3 
Software reset bit 
TXI 
AUXR.2 
SIO TxD invert 
LO 
AUXR.1 
Low Speed, reduces internal clock drive 


AD 
AUXR.O 
ALE Off, when set turns off ALE 


Interrupt 
Enable 0 (lED) Register 
EA 
lED.? 
Enable all interrupts 
EC 
IEO.6 
Enable PCA interrupt 


ET2 
IEO.5 
Enable Timer 2 interrupt 


ES 
IEOA 
Enable Serial 1/0 interrupt 


ET1 
IEO.3 
Enable Timer 1 interrupt 


EX1 
IEO.2 
Enable External interrupt 1 


ETO 
IEO.1 
Enable Timer 0 interrupt 


EXO 
IEO.O 
Enable Extemal interrupt 0 


Interrupt 
Enable 1 (IE1) Register 
EOB 
IE1.? 
Enable OBE interrupt 
EIB 
IE1.6 
Enable IBF interrupt 


EAD 
IE1.5 
Enable ADC interrupt 
EC4 
IE1A 
Enable PCA module 4 interrupt 


EC3 
IE1.3 
Enable PCA module 3 interrupt 


EC2 
IE1.2 
Enable PCA module 2 interrupt 


EC1 
IE1.1 
Enable PCA module 1 interrupt 


ECO 
IE1.0 
Enable PCA module 0 interrupt 


Interrupt 
Priority 
0 (IPO) Register 


IPO.? 
(reserved) 


PPC 
IPO.6 
PCA interrupt priority 


PT2 
IPO.5 
Timer 2 interrupt priority 


PS 
IPOA 
Serial 1/0 interrupt priority 


PT1 
IPO.3 
Timer 1 interrupt priority 


PX1 
IPO.2 
External interrupt 1 priority 


PTO 
IPO.1 
Timer 0 interrupt priority 


PXO 
IPO.O 
Extemal interrupt 0 priority 


Interrupt 
Priority 
1 (IP1) Register 


POB 
IP1.? 
OBE interrupt priority 


PIB 
IP1.6 
IBF interrupt priority 
PAD 
IP1.5 
ADC interrupt priority 


PC4 
IP1.4 
PCA module 4 interrupt priority 


PC3 
IP1.3 
PCA module 3 interrupt priority 


PC2 
IP1.2 
PCA module 2 interrupt priority 


PC1 
IP1.1 
PCA module 1 interrupt priority 


PCO 
IP1.0 
PCA module 0 interrupt priority 


Priority 
Source 
1 
INTO 


2 
ADC 


3 
TIMER 0 
4 
INn 
5 
TIMER 1 
6 
SERIAL 
? 
PCAO 
B 
PCA1 
9 
PCA2 


10 
PCA3 
11 
PCA4 
12 
PCA 


13 
TIMER 2 


14 
UPI 
15 
UPI 


Flag 
lED 
ADF 
TFO 
IE1 
TF1 
RI,TI 
CCO 
CC1 
CC2 
CC3 
CC4 
ECF 
TF2IEXF2 
IBF 
OBE 


Vector 
03H 
3BH 
OBH 
13H 
1BH 
23H 
43H 
4BH 
53H 
5BH 
63H 
33H 
2BH 
6BH 
?3H 


Power Control 
(PCON) 
Register 
SMOD1 
PCON.? 
double baud rate bit 


SMODO 
PCON.6 
SCON.? access control 


OSF 
PCON.5 
oscillator fail flag 


POF 
PCON.4 
power off flag 


LVF 
PCON.3 
low voltage flag 


WDTOF 
PCON.2 
watchdog timeout flag 


PO 
PCON.1 
power down mode bit 


IDL 
PCON.O 
idle mode bit 


Preliminary specification 


lose 


INTERNAL 
BUS 


UNIVERSAL 
PERIPHERAL 
INTERFACE 
UPI mode allows the 8XC576 to function as a slave processor 
connected to a host CPU bus via port O.The interface consists of 
port 0 input and output buffer registers and the UPI control/status 
register (UCS). UPI mode is enabled by setting the UPI enable bit 
(UE) in the UCS. When operating in UPI mode, port 0 pins should 
be programmed to High-Z (POM1;1 and POM2;O) by user firmware. 
Access to port 0 is controlled by inputs WI=!,Rr5, CS, and AO.Rr5 
and WI=!are the external read and write strobes controlled by the 
host CPU. CS is the chip select input, normally a decoded address 
from the host CPU bus, which qualifies Rr5 and WI=!(these pins 
have no effect when CS;1). 
The AO pin is an address input from the 
host CPU which selects either the port 0 output buffer or the UCS 
register to be output during a read operation. During a write 
operation, the value of the AO pin is latched in the AF flag in the 
UCS register. The following is a summary of the UPI data control 
inputs: 


CS 
Rr5 
WI=! 
All 


0 
0 
1 
0 
read port 0 output buffer, 
clear OBF/set OBE 
0 
0 
1 
1 
read UPI controV status register 
0 
1 
0 
0 
write data to input buffer set IBF, clear AF 
0 
1 
0 
1 
write command to input buffer set IBF, AF 


1 
x 
x 
x 
disable inpuVoutput 


UPI Control 
Status Register 
(UCS. Reset value; 
DOH) 
UCS.7 
ST7 
User defined status bit 
UCS.6 
ST6 
User defined status bit 
UCS.5 
ST5 
User defined status bit 
UCS.4 
ST4 
User defined status bit 
UCS.3 
UE 
UPI Enable bit - if UE;1, 
UPI is enabled 


(read only AF, IBF, and OBElOBF), if UE;O, 
UPI is disabled and port 0 functions 
normally. 


UCS.2 
AF 
Address Flag - contains status of the AO 
(address) pin during the last write. If AO;O, 
the input buffer should be interpreted as 
data by the 8XC576 software, if AO;1, the 
input buffer should be interpreted as a 
command. 


USC.1 
IBF 
Input Buffer Full flag - set by hardware on 
trailing (rising) edge of WI=!when CS;O, 
cleared by hardware when port 0 SFR is 
read (by the 8XC576 software). 


USC.O 
OBElOBF 
Output Buffer Full flag - set by hardware 
during writes (by 8XC576 software) to the 
port 0 SFR, seVcleared by hardware on the 
trailing (rising) edge of Rr5 when CS;O and 
AO;O. 


NOTE: This bit is defined as OBE (1;empty) 
when read by the 


MCU, and, as OBF (-full) 
when read by the external host. 


The IBF and OBF flag bits reflect the status of the inpuVoutput 
buffers. The host CPU writes to the 8XC576 by driving data on the 
external bus connected to port 0 and strobing the WI=!pin while 
CS;O. The WI=!strobe latches port 0 data in the input buffer and 
sets the IBF flag on the trailing (rising) edge. When the 8XC576 
reads from port 0 in UPI mode, it reads from the input buffer and 
clears the IBF. When the 8XC576 writes to port 0 in UPI mode, it 
writes to the output buffer which sets the OBF and clears the OBE 
flag. The host CPU can read the output buffer or the UCS register 
enabling the port 0 drivers, the OBF flag is cleared and the OBE flag 
is set when the output buffer is read. 


When the UPI is enabled, the AF, IBF, and OBElOBF flags are 
read-only, and thus can only be modified by specific hardware 
events. 


The UPI runs in idle mode. It can interrupt the part out of Idle mode 
for all UPI write and data read operations. It will not interrupt out of 
idle mode for a UCS register read operation. 


OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, respectively, of an 
inverting amplifier. The pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, page 3-758. 


To drive the device from an external clock source, XTAL 1 should be 
driven while XTAL2 is left unconnected. There are no requirements 
on the duty cycle of the external clock signal, because the input to 
the internal clock circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and low times specified in 
the data sheet must be observed. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep while all of the on-chip 
peripherals stay active. The instruction to invoke the idle mode is the 
last instruction executed in the normal operating mode before the 
idle mode is activated. The CPU contents, the on-chip RAM, and all 
of the special function registers remain intact during this mode. The 
idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the interrupt service routine 
and continued), or by a hardware reset which starts the processor in 
the same manner as a power-on reset. Also see UPI section. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is stopped and the 
instruction to invoke power-down is the last instruction executed. 
Only the contents of the on-chip RAM are preserved. The control 
bits for the reduced power modes are in the special function register 


PCON. Power-down mode can be terminated with either a hardware 
reset or external interrupt. With an external interrupt IJiIT(j or TIiIT1 
must be enabled and configured as level sensitive. Holding the pin 
low restarts to oscillator and bringing the pin back high completes 
the exit. 


Power-down mode can be disabled by the DPD bit in the WDCON 
register. Reset and waking up from power-down will also enable the 
DPD bit, therefore, the DPD bit must be cleared again before the 
power-down mode. 


DESIGN 
CONSIDERATIONS 
At power-on, the voltage on Vcc must come up with mrr low for a 
proper start-up. 


Table 2 shows the state of I/O ports during low current operating 
modes. 


MODE 
PROGRAM MEMORY 
ALE 
PSER 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
Extemal 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
Extemal 
0 
0 
Float 
Data 
Data 
Data 


ROM CODE SUBMISSION 
When submitting ROM code for the 83C576, the following must be specified: 
1. 8k byte user ROM data 


2. 32 byte ROM encryption key 
3. 
ROM security bits 


4. 
The watchdog timer parameters. (See Watchdog TImer Specifications for definition of WDL and WDCON bits.) 


ADDRESS 
CONTENT 
BIT(S) 
COMMENT 


OOOOHto 1FFFH 
DATA 
7:0 
User ROM Data 


2000H to 201 FH 
KEY 
7:0 
ROM Encryption Key 


FFH = no encryption 


2020H 
SEe 
0 
ROM Security Bit 1 


o = enable security 
1 = disable security 


1 
ROM Security Bit 2 


o = enable security 
1 = disable security 


2030H 
WDCON 
7:5 
PRE2:0 


4 
LVRE 


3 
OFRE 


2 
DPD 


1 
WDRUN = 0, not ROM coded 


0 
WDMOD 


2031H 
WDL 
7:0 
Watchdog autoload value 
(see specification) 


Security 
Bit 1: When programmed, this bit has two effects on masked ROM parts: 
1. Extemal MOVC is disabled, and 
2. EA is latched on Reset. 


Security 
Bit 2: When programmed, this bit inhibits Verify User ROM. 


If the ROM code file does not include the options, the following information must be included with the ROM code. 


For each of the following, check the appropriate box and send to Philips along with the code: 


Security Bit #1: 
0 Enabled 
0 Disabled 


Security Bit #2: 
0 Enabled 
0 Disabled 


Encryption: 
0 No 
0 Yes 
If Yes, must send key file. 


WatchdogfTimer Modes: 
0 Watchdog Mode 
0 TImer Mode 


PARAMETER 
RATING 
UNIT 


Operating temperature under bias 
-55 to +125 
°C 


Storage temperature range 
-65 to +150 
°C 


Voltage on FANpp pin to Vss 
o to +13.0 
V 


Voltage on any other pin to Vss 
-<J.5to +6.5 
V 


Maximum IOLper 1/0 pin 
15 
mA 


Power dissipation (based on package heat transfer limitations, not device power consumption) 
1.5 
W 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C, -40°C to +85°C, and -40°C to +125°C; Vcc = 5V ±10%, Vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typ1 
MAX 
UNIT 


VIL 
Input low voltage (except Port 1, EA) 
-0.5 
0.2VcC-O·1 
V 


VIL1 
Input low voltage (lOA) 
-0.5 
0.2Vcc-o.45 
V 


VIL2 
Input low voltage (Port 1) 
-0.5 
0.3Vcc 
V 


VIH 
Input high voltage (except Port 1, XTAL 1, RST) 
IIH <2mA 
0.2Vcc+0.9 
Vcc+O.5 
V 


VIHl 
Input high voltage (XTAL 1, RST, Port 1) 
IIH <2mA 
0.7Vcc 
Vcc+0.5 
V 


HYS 
Hysteresis voltage (Port 1') 
200 
mV 


VOL 
Output voltage low (Ports 1, 2, 3) 
IOL= 1.6mA 
0.45 
V 


VOL1 
Output voltage low (Ports 0, ALE, 1'SFI\Il 
IOL= 3.2mA 
0.45 
V 


VOH 
Output voltage high (Ports 1, 2, 3 in push-pull mode) 
IOH=-1.6mA 
Vcc-1.O 
V 


VOHl 
Output voltage high (Port 0, ALE, PSEJIJ) 
IOH=-3.2mA 
Vcc-0.7 
V 


VOH2 
Output voltage high in weak pullup mode (Port 0, 2, 3) 
IOH=-10vA 
Vcc-1.0 
V 


VIO 
Offset voltage comparator inputs 
-35 
+35 
mV 


VCR 
Common mode range comparator inputs 
0 
Vcc 
V 


IlL 
Logical 0 input current (Ports 0, 2, 3) (weak pull-up) 
VIN = 0.45V 
-250 
vA 


IIH 
Input pulldown current (Port 0, Port2 in open drain mode) 
0.45 < VIN < Vcc 
2 
40 
vA 


1L2 
Input leakage current (EA, PO.2. 3 High-Z) 
0.45 < VIN < Vcc 
-10 
+10 
vA 


ILA 
Input leakage current comparator/ADC 
inputs 
O<VIN<VCC 
-1.0 
+1.0 
vA 


Icc 
Power supply current:7 
See note 6 
Active mode @ 16MHz5 
20 
30 
mA 
Idle mode @ 16MHz 
8 
12 
mA 
Power-down mode 
5 
75 
vA 


RRST 
Internal reset pull-up resistor 
VIN = OV 
50 
200 
kQ 


VLOW 
Low VCCdetect voltage 
3.75 
4.25 
V 


CIO 
Pin capacitance9 
f=1MHz 
15 
pF 


NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VoLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 


3. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEJ\I to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 
4. 
Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is between VIH and VIL. 


5. 
IccMAX at other frequencies can be determined from Figure 33. 
6. 
See Figures 34 through 37 for Icc test conditions. 
7. 
Load capacitance for port 0, ALE, and PSEJ\I = 100pF, load capacitance for all other outputs = 80pF. 


8. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
10mA 


Maximum IOLper 8-bit port: 
26mA 


Maximum totallOL for all outputs: 
71mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 
9. 
20pF MAX for CERDIP package; 15pF MAX for all other packages. 


AlD CONVERTER 
DC ELECTRICAL 
CHARACTERISTICS 


Tamb = O°C to +70°C, -40°C to +B5°C, and -40°C to +125°C; Vee = 5V ±10%, Vss = OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


Static Characteristics 


R 
Resolution 
Monotonic with no missing codes 
10 
Bits 


IL. 
Integral non-linearity error 2, 5,8 
±2 
LSB 


DL. 
Differential non-linearity error2, 3,4. 7,8 
±1 
LSB 


FS. 
Full Scale error 2, 8 
±3 
LSB 


OS. 
Offset error 2, 6, 8 
±2 
LSB 


Dynamic Characteristics 


tADe 
Conversion time (including sampling time) 
4Blcv 
j1S 


tADS 
Sampling tme 
Blcv 
j1S 


Analog 
Input Characteristics 


AVIN 
Analog input voltage 
( 
AVss-0.2 
AVDD+0.2 
V 


CIA 
Analog input capacitance 
15 
pF 


MeTe 
Channel-to-channel 
matching7 
±1 
LSB 


Ct 
Crosstalk between inputs of port 17 
D-100kHz 
-60 
dB 


Power Requirements 


AVecNREF+ 
Analog supply and reference voltage 
AVec = Vee ± 0.2 
4.0 
6.0 
V 


Alec 
Analog supply current: operating: (16MHz) 
AVee=6.0V 
1.2 
I 
mA 


NOTES: 
1. The following condition must not be exceeded: VDD- 0.2V < AVDD < VDD + 0.2V. 
2. 
Conditions: AVss = OV;AVec = 4.997V; Vee = 5.0V. 


3. 
The differential non-linearity (Ole) is the difference between the actual step width and the ideal step width. (See Rgure 24). 


4. The ADC is monotonic; there are no missing codes. 
5. The integral non-linearity (IL.) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 
appropriate adjustment of gain and offset error. (See Figure 24). 
6. The offset error (OS.) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 


a straight line which fits the ideal transfer curve. (See Figure 24). 
7. 
Guaranteed by design. 


B. To meet Error Specification, analog input voltage must be less than 1V/ms. 
(AVcc/l023) 
x 1000 
Slew RateMAX = 4 x (12/0sc 
Freq (MHz)) 
(V/ms) 


For 16MHz @ 5.0V slew rate = 1.6V/ms. 


(1) 
Example 
of an actual transfer curve. 


(2) 
The ideal transfer curve. 


(3) 
Differential 
non-linearity 
(Ole). 


(4) 
Integral 
non-I"earity 
(I'-el. 


(5) 
Center of a step of the actual transfer curve. 


{ 
, 
lSB = AVREF+ - AVREF} 


1024 


Offset 
Gain 
error 
error 


~ 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O·Cto +70·C, -40·C 
to +85·C, and -40·C to +125·C; VCC= 5V ±10%, Vss = OV1,2 


VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
UNIT 


l!tcLCL 
25 
Oscillator frequency: 
Speed Version 


8XC576 
E 
6 
16 
MHz 


OSCF 
Oscillator fail detect frequency 
0.6 
5.5 
MHz 


TR 
Comparator response time 
10 
J!S 


tLHLL 
25 
ALE pulse width 
21cLCL-40 
ns 


tAVLL 
25 
Address valid to ALE low 
lcLCL-40 
ns 


tLLAX 
25 
Address hold after ALE low 
tCLCL-30 
ns 


tLLlV 
25 
ALE low to valid instruction in 
4lcLCL-100 
ns 


tUPL 
25 
ALE low to J5SEIillow 
lcLCL-30 
ns 


tPLPH 
25 
J5SEIil pulse width 
3lcLCL-45 
ns 


tPLIV 
25 
J5SEIillow to valid instruction in 
3lcLCL-105 
ns 


tpXIX 
25 
Input instruction hold after J5SEIil 
0 
ns 


tPXIZ 
25 
Input instruction float after J5SEIil 
lcLCL-25 
ns 


tAVIV 
25 
Address to valid instruction in 
5lcLCL-105 
ns 


tpLAZ 
25 
J5SEIillow to address float 
10 
ns 


Data Memory 


tRLRH 
26,27 
RO pulse width 
6lcLCL-100 
ns 


tWLWH 
26,27 
WR" pulse wid1h 
6lcLCL-100 
ns 


tRLDV 
26,27 
RO low to valid data in 
5lcLCL-165 
ns 


tRHDX 
26,27 
Data hold after RO 
0 
ns 


tRHDZ 
26,27 
Data float after RO 
21cLCL-60 
ns 


tLLDV 
26,27 
ALE low to valid data in 
8lcLCL-150 
ns 


tAVDV 
26,27 
Address to valid data in 
9tcLCL-165 
ns 


'LLWL 
26,27 
ALE low to RO or WR" low 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
26,27 
Address valid to WR" low or RO low 
4lcLCL-130 
ns 


tavwx 
26,27 
Data valid to WR" transition 
lcLCL-50 
ns 


tWHOX 
26,27 
Data hold after WR" 
lcLCL-50 
ns 


tRLAZ 
26,27 
RO low to address float 
0 
ns 


tWHLH 
26,27 
RO or WR" high to ALE high 
lcLCL-40 
lcLCL+40 
ns 


External 
Clock 


tCHCX 
29 
High time 
20 
ns 


tCLCX 
29 
Low time 
20 
ns 


lcLCH 
29 
Rise time 
20 
ns 


lcHCL 
29 
Fall time 
20 
ns 
Shift Register 


tXLXL 
28 
Serial port clock cycle time 
121cLCL 
ns 


taVXH 
28 
Output data setup to clock rising edge 
10lcLCL-133 
ns 


tXHOX 
28 
Output data hold after clock rising edge 
21cLCL~O 
ns 


tXHDX 
28 
Input data hold after clock rising edge 
0 
ns 


tXHDV 
28 
Clock rising edge to input data valid 
1OteLCL-l33 
ns 
NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and J5SEIil= 100pF, load capacitance for all other outputs = 80pF. 
3. 
Interfacing the 83C576187C576 to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 
o drivers. 


UPI AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C, -40°C to +85°C, and -40°C to +125°C; Vcc = 5V ±10%, Vss = OV 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


tAR 
CS, A setup to "RO 
0 
ns 


tRA 
CS, A hold after "RO 
35 
ns 


tRR 
"ROpulse width 
35 
ns 


tAD 
CS, A to data out delay 
45 
ns 


tRO 
"ROto data out delay 
35 
ns 


tOF 
"ROto data float delay (guaranteed by design) 
30 
ns 


tAW 
CS, A setup to WR 
0 
ns 


tWA 
CS, A hold after WR 
15 
ns 


tww 
WR pulse width 
45 
ns 


tow 
Data setup to WR 
5 
ns 


two 
Data hold after WR 
25 
ns 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters, The first character is always 
l' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. 
The designations are: 
A - 
Address 
C- 
Clock 
0- 
Input data 
H - 
Logic level high 
I - 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 


p - PSEIII 
a - Output data 
R - "ROsignal 
t 
- 
Time 


V - 
Valid 
W- 
WRsignal 


X - 
No longer a valid logic level 


Z - 
Float 


Examples: 
tAvLL= Time for address valid to ALE low. 
tLLPL=Time for ALE low to PSEIIIlow. 


X 
Ao-A15 
FROM 
PCH 


X 
Ao-A15 
FROM 
PCH 


"-_/ 


OUTPUT 
DATA, 


t 
WRITE 
TO SBUF 


INPUT 
DATA 
~' 


CLEAR 
RI 


I 
-Ir-tXHQX 
taVXH ~I 


VCC-<>·5 - 


O.45V 


VCC-<>5=x 
>C 
o 2VCC+O9 


o 45V 
.~O_2V_C_C-<> 
__ 1 
~ 


NOTE: 
AC inputs 
during 
testing 
are driven 
at Vcc 
-0.5 
for a logic ',' 
and O.45V for a logic '0'. 


liming 
measurements 
are made 
al VIH min fO( a logic ',' 
and Vil 
max for a logic '0'. 


TIMING 


REFERENCE 


POINTS 


NOTE: 


For tim~ 
purposes, 
a port is no longer 
floating 
when 
a 10amV 
change 
from 
load voltage 
occurs, 


and beginS to float when a l00mV change from the loaded VotIVa.level 
occurs. lot-tfIOL2:±2OmA. 


DO-D7 
tA_D_?t=t=D========= 


10 


FREQUENCY 
(MHz) 


Figure 33. 
Icc vs. FREQ 
Valid only within frequency 
specifications 
of the device under test 


Figure 34. 
Icc Test Condition, 
Active Mode 
All other pins are disconnected 


vee 


lee 


vee 


vee 
RST 


AVee 
AVee 
AVss 


Ell 


(NC) 
XTA12 


CLOCK 
SIGNAl 
XTAL1 
- 


Vss 


Figure 35. 
lee Test Condition, 
Idle Mode 
All other pins are disconnected 


VeC-<>·5 - - - - 
O·7Vee 
O.45V 
O.2VeC-<>.1 


Figure 36. 
Clock Signal Waveform 
for Icc Tests in Active and Idle Modes 


lcLCH = lcHCL = 5ns 


Vee 


Ice 


Figure 37. 
Ice Test Condition, 
Power Down Mode 
All other pins are disconnected. 
VCC= 2V to 5.5V 


EPROM CHARACTERISTICS 
To put the 87C576 in the parallel EPROM programming mode, 
PSEN must be held high during power up, then driven low with reset 
active. The 87C576 is programmed by using a modified Quick-Pulse 
Programming'· 
algorithm. 


The 87C576 contains two signature bytes that can be read and used 
by an EPROM programming system to identify the device. The 
signature bytes identify the device as an 87C576 manufactured by 
Philips. 


Table 3 shows the logic levels for reading the signature byte, and for 
programming the program memory, the encryption table, and the 
security bits. The circuit configuration and waveforms for quick-pulse 
programming are shown in Figures 38 and 39. Figure 40 shows the 
circuit configuration for normal program memory verification. 


On-Board 
Programming 
(OBP) 


The On-Board Programming facility consists of a series of intemal 
hardware resources coupled with internal firmware to facilitate 
remote programming of the 87C576 through the serial port. 


The OBP function is invoked by having the tANpp 
pin at the Vpp 


voltage level at the time that the part exits reset. The OBP function 
only requires that the TxD, RxD, Vss, Vcc, and Vpp pins be 
connected to an external circuit in order to use this feature. 


The OBP feature provides for the use of a wide range of baud rates 
independent of the oscillator frequency used. It is also adaptable to 
a wide range of oscillator frequencies. The OBP facility provides for 
both auto-echo and no-echo of received characters. The OBP 
feature requires that an initial character, an uppercase U, be sent to 
the 87C576 to establish the baud rate to be used. 


Once baud rate initialization has been performed, the OBP facility 
only accepts Intel Hex records. The record-type field of these hex 
records are used to indicate either commands or data for the OBP 
facility. The maximum number of data bytes in a record is limited to 
16 (decimal). These commands/data 
are summarized below: 


Record 
CommandlData 
Type 
Function 


00 
Data record, programs the part with data indicated in 
record starting with load address in the record 


01 
EOF record, no operation 


02 
Specify timing parameters 
- 
rec length = 3 bytes 
- 
load address = 0000 
- 
1st byte = timer count for 50ltS programming pulse 


- 
2nd byte = timer count for 10I'S delay between pulses 


- 
3rd byte = OAH 


03 
Program security bits 
- 
rec length = 1 byte 
- 
load address = 0000 
- 
1st byte = sec bit values (xxxx xxB2B1) 


04 
Display contents of USER EPROM array 
- 
rec length = 00 
- 
load address = 0000 


05 
Verify security bit status 
- 
rec length = 00 
- 
load address = 0000 


Quick-Pulse 
Programming 
(Parallel) 


The setup for microcontroller 
quick-pulse programming is shown in 
Figure 38. Note that the 87C576 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to be running is that the 
device is executing intemal address and program data transfers. 


The address of the EPROM location to be programmed is applied to 
ports 3 and 2, as shown in Figure 38. The code byte to be 
programmed into that location is applied to port O. RST, J5SEIiI and 
pins of ports 2 and 1 specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The ALEJI5ROO is pulsed 
low 25 times as shown in Figure 39. 


To program the encryption table, repeat the 25 pulse programming 
sequence for addresses 0 through 1FH, using the 'Pgm Encryption 
Table' levels. Do not forget that after the encryption table is 
programmed, verification cycles will produce only encrypted data. 


To program the security bits, repeat the 25 pulse programming 
sequence using the 'Pgm Security Bit' levels. After one security bit is 
programmed, further programming of the code memory and 
encryption table is disabled. However, the other security bit can still 
be programmed. 


Note that the tANpp 
pin must not be allowed to go above the 


maximum specified Vpp level for any amount of time. Even a narrow 
glitch above that voltage can cause permanent damage to the 
device. The Vpp source should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 
If security bit 2 has not been programmed, the on-chip program 
memory can be read out for program verification. The address of the 
program memory locations to be read is applied to ports 3 and 2 as 
shown in Figure 40. The other pins are held at the 'Verify Code Data' 
levels indicated in Table 3. The contents of the address location will 
be emitted on port O. External pull-ups are required on port 0 for this 
operation. 


If the encryption table has been programmed, the data presented at 
port 0 will be the exclusive NOR of the program byte with one of the 
encryption bytes. The user will have to know the encryption table 
contents in order to correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 
The signature bytes are read by the same procedure as a normal 
verification of locations 030H and 031 H, except that P1.0 and P1.1 
need to be pulled to a logic low. The values are: 
(030H) = 
15H indicates manufactured by Philips 


(B6H) = 
B6H indicates 87C576 


ProgramNerify 
Algorithms 
Any algorithm in agreement with the conditions listed in Table 3, and 
which satisfies the timing specifications, 
is suitable. 


Erasure 
Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have wavelengths in this 
range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. For this and secondary 
effects, 
it is recommended 
that an opaque label be placed over the 


window. 
For elevated temperature or environments where solvents 


are being used, apply Kapton tape Fluorglas part number 2345-5, 
or 
equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-s/cm2. 
Exposing the EPROM to an ultraviolet lamp of 12,000ItW/cm2 rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


Erasure leaves the array in an all 1s state. 


MODE 
RST 
J5SEN 
ALEIPROO 
~pp 
P2.7 
P2.6 
P1.t 
P1.0 


Read signature 
a 
a 
1 
1 
a 
a 
0 
a 


Program code data 
a 
a 
O' 
Vpp 
1 
a 
1 
1 


Verify code data 
a 
a 
1 
1 
a 
a 
1 
1 


pgm encryption table 
a 
a 
O' 
Vpp 
1 
a 
1 
a 


Pgm security bit 1 
a 
a 
O' 
Vpp 
1 
1 
1 
1 


Pgm security bit 2 
a 
a 
O' 
Vpp 
1 
1 
a 
a 


NOTES: 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. 
Vpp = 12.75V ±0.25V. 
3. 
Vcc = 5V±10% during programming and verification. 
• 
ALEfI5l'll:l"G 
receives 5 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for salts (±101tS)and high for a 
minimum of 101ts. 
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IlST 
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Pl.1 
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l'"SEl'1 


XTAL2 
P2.7 


4-6MHz 
P2.6 


XTAL1 
P2.Q-f'2.4 


AVss 


Vss 
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Figure 38. 
Programming Configuration 
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EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb= 21°C to +27°C. vcc = 5V±10%. vss = OV (See Figure 41) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply current 
50 
mA 


1ltCLCL 
Oscillator frequency 
4 
12 
MHz 


tAVGL 
Address setup to PROO low 
48teLCL 


!<lHAX 
Address hold after PROO 
48teLCL 


tDVGL 
Data setup to PROO low 
48teLCL 


!<lHDX 
Data hold after PROO 
48teLCL 


tEHSH 
P2.7 (EI'lABCE) 
high to Vpp 
48teLCL 


tSHGL 
Vpp setup to PROO low 
10 
Ils 


!<lHSL 
Vpp hold afterPROO 
10 
IlS 


!<lLGH 
PROOwidth 
40 
60 
IlS 


tAVQV 
Address to data valid 
48tCLCL 


tELQZ 
El'iJAS[E 
low to data valid 
48tCLCL 


tEHQZ 
Data float after El'iJAS[E 
0 
48teLCL 


!<lHGL 
PROO high to PROO low 
10 
Ils 


Philips 
Semiconductors 


• Full static 80C51 Central Processing 
Unit 


• 8-bit CPU, ROM, RAM, I/O in a 56-lead VSO or 64-lead 


QFP package 


• 6 kbytes ROM Program Memory, expandable externally 


to 64 kbytes (only P83CL580) 


• 256 bytes RAM Data Memory, expandable externally to 


64 kbytes 


• Five 8-bit ports; 40 I/O lines 


• Three 16-bit Timer/Event 
counters 


• External memory expandable up to 128 kbytes, external 


ROM up to 64 kbytes and/or RAM up to 64 kbytes 


• On-chip oscillator suitable for RC, LC, quartz crystal or 


ceramic resonator 


• Fifteen source, fifteen vector nested interrupt structure 


with two priority levels 


• Full duplex serial port (UART) 


• 
12C-bus interface for serial transfer on two lines 


• Analog-to-digital 
converter 
(ADC) with Power-down 


mode; 4 input channels and 8-bit ADC 


• Pulse Width Modulated 
(PWM) output (8-bit resolution) 


• Watchdog Timer 


• Enhanced architecture 
with: 


- 
non-page oriented instructions 


- 
direct addressing 


- 
four 8-byte RAM register banks 


- 
stack depth limited only by available internal RAM 
(maximum 256 bytes) 


- 
multiply, divide, subtract and compare instructions 


• Modes of reduced activity: Power-down 
and Idle modes 


• Wake-up via external interrupts at Port 1 


• Frequency 
range: 0 to 12 MHz. For ADC operation 


minimum 250 kHz at2.7V 


• Supply voltage: 2.5 to 6.0 V 


• Very low current consumption: 


typically 4.5 mA at 2.5 V and 8 MHz 


• Operating temperature 
range: 


-40 to +85 °C. 


2 
GENERAL 
DESCRIPTION 


The P80CL580; P83CL580 (hereafter generally referred to 
as P8xCL580) 
is manufactured 
in an advanced 
CMOS 


technology. 
The instruction set of the P8xCL580 
is based 
on that of the 8OC51 and consists of over 100 instructions: 
49 one-byte, 46 two-byte, and 16 three-byte. 
The device 


operates over a wide range of supply voltages and has low 
power consumption; 
there are two software selectable 


modes for power reduction: Idle and Power-down. 
For emulation purposes, the P85CL580 (piggy-back 
version) with 256 bytes of RAM is recommended. 


This data sheet details the specific properties of the 
P80CL580; 
P83CL580; for details of the 80C51 core see 


"Data Handbook IC20" and for the 12C-bus refer to 'The 
FC-bus and how to use it" ordering nr. 9398 393 40011". 


2.1 
ROMless 
version: 
P80CL580 


The P80CL580 is the ROM less version of the P83CL580. 
The mask options on the P80CL580 are fixed as follows: 


• All ports have option '1S' (standard port, HIGH after 


reset), except ports P1.6 and P1.7 which have option 
'2S' (open-drain, 
HIGH after reset) 


• Oscillator option: Oscillator 3 


• Power-on-reset 
option: off. 


The P8xCL580 is an 8-bit general purpose microcontroller 
especially suited for cordless telephone 
and mobile 


communication 
applications. 
The P8xCL580 also 


functions as an arithmetic processor having facilities for 
both binary and BCD arithmetic 
plus bit-handling 


capabilities. 


TYPE 
PACKAGE 


NUMBER 
NAME 
DESCRIPTION 
VERSION 


P80CL580HFT 
VS056 
plastic very small outline package; 56 leads 
SOT190-1 


P83CL580HFT 


P80CL580HFH 
QFP64 
plastic quad flat package; 64 leads (lead length 1.95 mm); 
SOT319-2 


P83CL580HFH 
body 14 x 20 x 2.8 mm 


XTAL1 


XTAl2 


Eli 


ALE 


PSEN 


WR 


'".:., 


CD 
CD 
RD 


ADO to AD? 


A8to 
A15 


@ a~ernative 
function 
of port 0 


CD a~ernative 
functions 
of port 1 


@ alternative 
function 
of port 2 


@ alternative 
function 
of port 3 
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PWM 
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256 bytes 
1 
(TO, T1) 
ROM 
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+-- - 
(1) 
- - 
- 
....• 
80C51 
P80CL580 
core 


excluding 
P83CL580 
+-- 
ROM/RAM 
8-M 
- 
internal 
bus 
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PARALLEL 
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EXT. BUS 
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PORTS 
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(T3) 


®JIw 
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CD 
CD 
CD 
(j) 


- 


XTALl 
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+-+ 


XTAl2 
+-+ 
LCINORDER 
+-+ 
ADDRESS 
PORTO 
+-+ 
AND 
+-+ 
DATABUS 


+-+ 
+-+ 


+-T2 
INT2 
+-T2EX 
INT3 
+-STADC 
INT4 
+- 
INT5 
PORT1 
+- 
INTB 
+- 
IN17 
+-+ 
SCL 
INT8 
+-+ 
SDA 


+-+ 
+-+ 
+-+ 
+-+ 
HIGHORDER 
PORT2 
+-+ 
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BUS 
+-+ 
+-+ 
+-+ 


+-RXD 
--+TXD 
+-INTO 


PORT4 
PORT3 
+-INTl 
+-TO 
+-Tl 
--+WR 
--+RD 


7 
PINNING INFORMATION 


7.1 
Pinning 


ADC3 
1 
VDD 


P2.0 


P2.1 


P2.2 


Vref(p)(A) 
5 
PSEN 


ALE 


EX 


P2.3 


P2.4 


P4.3 
P2.5 


P4.4 
P2.6 


P4.5 
P2.7 


P4.6 
PO.7 


P4.7 
PO.6 


RST 
PO.5 


P1.0/l NT2/T2 
PO.4 


P1.1/1NT3fT2EX 
PO.3 


P1.2/1NT4/STADC 
PO.2 


P1.3/INT5 
PO.1 


P1.4/INT6 
PO.O 


P1.5/1NT7 
P3.7!RD 


P1.6/1NTB/SCL 
P3.6JWR 


P1.7/SDA 
P3.5fT1 


PWMO 
P3.4fTO 


EWN 
P3.3/INT1 


XTAL2 
P3.2/INTO 


XTAL1 
P3.1fTXD 
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P3.0/RXD 


MBB542 
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0 
EA 


n.c. 


P2.3 


P2.4 


P2.S 


P2.6 


P2.7 


PO.7 


PO.6 


P4.7 
P80Cl580 
po.s 
P83Cl580 


RST 
PO.4 


Pl.OANT2/T2 
PO.3 


Pl. MNT3{T2EX 
PO.2 


Pl.2ANT4/STADC 
PO. 1 


Pl.3ANTS 
PO.O 


Pl.4ANT6 
n.c. 


n.c. 
n.c. 


n.c. 
P3.7/RD 


Pl.SANT7 
P3.6JWR 


MOC18S 


..J 
« I~I~ '" 
:; 
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0 
0 I~I~ g 
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(J) ~ g 
I~ 
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~ ~ 
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M 
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Q. 
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Q. 
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7.2 
Pin description 


Table 1 
Pin description for VS056 
(S0T190-1) 
and QFP64 (SOT319-2) 


For more extensive 
description 
of the port pins see Chapter 10 "I/O facilities". 


PIN 
SYMBOL 
DESCRIPTION 
VS056 
QFP64 


ADC3to 
ADCO 
1 t04 
59to 
62 
4 input channels to the ADC. 


Vref(P)(A) 
5 
63 
Positive potential of analog-to-digital 
conversion 
reference resistor. 


VSSA 
6 
64 
Analog part ground. 


P4.0to 
P4.7 
7 to 14 
1,2,4t08, 
Port 4: 8-bit bidirectional 
I/O port. 


10 


RST 
15 
11 
Reset: a HIGH level on this pin for two machine cycles while the 
oscillator is running resets the device. 


P1.0/INT2/T2 
16 
12 
Port 1 (P1.0 to P1.7): 8-bit bidirectionalI/O 
port with internal pull-ups; 


P1.1/INT3/T2EX 
17 
13 
INT2 to INT8: external interrupt inputs; T2: Timer T2 input; 


P1.2/INT4/STADC 
18 
14 
T2EX: Timer T2 external input; STADC: external trigger of the ADC; 
SCL: 12C-bus interface clock; SDA: j2C-bus interface data. 


P1.3/INT5 
19 
15 


P1.4/INT6 
20 
16 
Port 1 pins that have logic 1s written to them are pulled HIGH by the 
internal pUll-Ups, and in that state can be used as inputs (note P1.6 and 
P1.5/INT7 
21 
19 
P1.7 are open-drain 
only). The Port 1 output buffer can sink/source 


P1.6/INT8/SCL 
22 
20 
4 LS TIL 
loads. As inputs, Port 1 pins that are externally pulled LOW 


P1.7/SDA 
23 
21 
will source current (Ill see Chapter 23) due to the internal pull-ups. 


PWMO 
24 
22 
Pulse Width 
Modulation 
output 
O. 


EWN 
25 
23 
Enable Watchdog 
Timer: 
enable for Watchdog Timer and enable 


Power-down 
mode. 


XTAL2 
26 
24 
Crystal 
oscillator 
output: 
output of the inverting amplifier of the 


oscillator. Left open when external clock is used. 


XTAL1 
27 
25 
Crystal 
oscillator 
Input: input to the inverting amplifier of the oscillator, 
also the input for an externally generated clock source. 


Vss 
28 
26 
Ground: circuit ground potential. 


P3.0/RXD 
29 
27 
Port 3 (P3.0 to P3.7): a-bit bidirectional 
I/O port with internal pUll-ups; 


P3.1fTXD 
30 
28 
RXD: serial port receiver data input (asynchronous); 
TXD: serial port 


P3.2/INTO 
31 
29 
transmitter 
data output (asynchronous); 
INTO: external interrupt 0; 


P3.3/INT1 
32 
30 
INT1: external interrupt 1; TO: Timer 0 external input; 
T1: Timer 1 external input; WR: external Data Memory write strobe; 


P3.4/T0 
33 
31 
RD: external Data Memory read strobe. 


P3.5/T1 
34 
32 
The Port 3 output buffers can sink/source 
4 LS TIL 
inputs. Port 3 pins 


P3.6IWR 
35 
33 
that have logic 1s written to them. are pulled HIGH by the internal 


P3.7/RD 
36 
34 
pull-ups, and in that state can be used as inputs. As inputs, Port 3 pins 
that are externally pulled LOW will source current (Ill in the 
characteristics; 
see Chapter 23) due to the internal pUll-ups. 


PIN 


SYMBOL 
DESCRIPTION 


VS056 
QFP64 


PO.Oto PO.7 
37to 44 
37to 
44 
Port 0: 8-bit open-drain 
bidirectional 
I/O port. As an open-drain 
output 


port it can sink 8 LS TTL loads. Port 0 pins that have logic 1s written to 
them float, and in that state will function as high impedance 
inputs. 


Port 0 is also the multiplexed 
low order address and data bus during 


access to external memory. The strong internal pull-ups are used while 
emitting logic 1s within the low order address. 


P2.0to 
P2.7 
55to 
53, 
56 to 54, 
Port 2: 8-bit bidirectional 
I/O port with internal pUll-Ups. Port 2 pins that 
49to 45 
49 to 45 
have logic 1s written to them are pulled HIGH by the internal pull-ups, 
and in that state can be used as inputs. The Port 2 output buffer can 
sink/source 
4 LS TTL loads. Port 2 emits the high-order address byte 


during accesses to external memory that use 16-bit addresses 
(MOVX @DPTR). In this application 
it uses the strong internal pull-ups 


when emitting logic 1s. During accesses to external memory that use 
8-bit addresses 
(MOVX @Ri). Port 2 emits the contents of the P2 


Special Function Register. 


EA 
50 
51 
External 
Access. 
When EA is held HIGH the CPU executes out of 


internal Program Memory (unless the program counter exceeds 
17FFH). Holding EA LOW forces the CPU to execute out of external 
memory regardless of the value of the Program Counter. 


ALE 
51 
52 
Address 
Latch Enable. 
Output pulse for latching the low byte of the 


address during access to external memory. ALE is emitted at a constant 
rate of % x f05c, and may be used for external timing or clocking 
purposes (assuming MOVX instructions 
are not used). 


PSEN 
52 
53 
Program 
Store Enable. 
Output read strobe to external Program 


Memory. When executing code out of external Program Memory, PSEN 
is activated twice each machine cycle. However, during each access to 
external Data Memory two PSEN activations 
are skipped. 


VDD 
56 
57 
Power supply. 


n.c. 
- 
3,9,17,18, 
Not connected. 


35, 36, 50 
and 58 


The functional 
description 
of the device is described 
in: 


Chapter 9 "Memory organization" 


Chapter 10 "I/O facilities" 


Chapter 11 'Timer/event 
counters" 


Chapter 12 "Pulse Width Modulated outpuf' 


Chapter 13 "Analog-to-digital 
conVerter (ADC)" 


Chapter 14 "Reduced power modes" 


Chapter 15 "12C-bus serial I/O" 


Chapter 16 "Standard serial interface SIOO: UART' 


Chapter 17 "Interrupt system" 


Chapter 18 "Oscillator circuitry" 


Chapter 19 "Resef'. 


8.1 
General 


The P8XCL580 is a stand-alone 
high-performance 
CMOS 


microcontroller 
designed for use in real-time applications 


such as cordless telephone 
and mobile communications, 
instrumentation, 
industrial control, intelligent computer 


peripherals and consumer products. 


The device provides hardware features, architectural 
enhancements 
and new instructions to function as a 


controller for applications 
requiring up to 64 kbytes of 


Program Memory and/or up to 64 kbytes of Data Memory. 


The PaxcL580 
contains a 6 kbytes Program Memory 


(ROM; P83CL580); 
a static 256 bytes Data Memory 


(RAM); 40 I/O lines; three 16-bit timer/event 
counters; a 


fifteen-source 
two priority-level, 
nested interrupt structure 


and on-chip oscillator and timing circuit, 4-channel 8-bit 
ND converter, Watchdog Timer and Pulse Width 
Modulation output. 


The device has two software selectable modes of reduced 
activity for power reduction: 


• Idle mode; freezes the CPU while allowing the 


derivative functions (timers, serial I/O, ADC, PWM) and 
interrupt system to continue functioning. 


• Power-down 
mode; saves the RAM contents but 


freezes the oscillator causing all other chip functions to 
be inoperative. 


In addition, two serial interfaces are provided on-chip: 


• a standard UART serial interface, and 


• a standard 12C-bus serial interface. The 12C-bus serial 


interface has byte oriented master and slave functions 
allowing communication 
with the whole family of 12C-bus 
compatible 
devices. 


8.2 
CPU timing 


A machine cycle consists of a sequence 
of 6 states. Each 
state lasts for two oscillator periods, thus a machine cycle 
takes 12 oscillator periods or 1 IJ.sif the oscillator 
frequency 
(fosc) is 12 MHz. 


9 
MEMORYORGANIZATION 


The P8xCL580 has 6 kbytes of Program Memory (ROM; 
P83CL580 only) plus 256 bytes of Data Memory (RAM) on 
board. The device has separate address spaces for 
Program and Data Memory (see Fig.6). Using Port latches 
POand P2, the P8xCL580 can address up to 64 kbytes of 
external memory. The CPU generates both read (RD) and 
write (WR) signals for external Data Memory accesses, 
and the read strobe (PSEN) for external Program Memory. 


The P83CL580 contains 6 kbytes of internal ROM. After 
reset the CPU begins execution at location OOOOH.The 
lower 6 kbytes of Program Memory can be implemented in 
either on-chip ROM or external Program Memory. 


If the EA pin is tied to VDD,then Program Memory fetches 
from addresses 
OOOOHto 17FFH are directed to the 


internal ROM. Fetches from addresses 
1800H to FFFFH 


are directed to external ROM. Program Counter values 
greater than 17FFH are automatically 
addressed to 


external memory regardless of the state of the EA pin. 


9.2 
Data Memory 


The P8xCL580 contains 256 bytes of internal RAM and 
40 Special Function Registers (SFRs). Figure 6 shows the 
internal Data Memory space divided into the lower 
128 bytes, the upper 128 bytes, and the SFRs space. 
Internal RAM locations 0 to 127 are directly and indirectly 
addressable. 
Internal RAM locations 128 to 255 are only 


indirectly addressable. 
The Special Function Register 
locations 128 to 255 bytes are only directly addressable. 


9.3 
Special Function Registers (SFRs) 


The upper 128 bytes are the address locations of the 
SFRs. Figures 7 and 8 show the Special Function 
Registers space. The SFRs include the port latches, 
timers, peripheral control, serial I/O registers, etc. These 
registers can only be accessed by direct addressing. 
There are t 28 directly addressable 
locations in the SFR 


address space. Bit addressable 
SFRs are those that end 


in OOOB. 


9.4 
Addressing 


The P8xCL580 has five methods for addressing 
source 


operands: 


• Register 


• Direct 


• Indirect 


• Immediate 


• Base-Register 
plus Index-Register-Indirect. 


The first three methods can be used for addressing 
destination 
operands. Most instructions 
have a 
'destination/source' 
field that specifies the data type, 


addressing 
methods and operands 
involved. For 


operations 
other than MOVs, the destination 
operand is 


also a source operand. 


Access to memory addressing 
is as follows: 


Registers in one ofthe four register banks through Direct 
or Indirect 


Lower 128 bytes of internal RAM through Direct or 
Indirect; upper 128 bytes of internal RAM through Direct 


Special Function Registers through Direct 


External Data Memory through Indirect 


Program Memory look-up tables through Base-Register 
plus Index-Register-Indirect. 
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INTERNAL 
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(2) 
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INTERNAL 
DATA RAM 


127 
~---- 


y 
~ 


INTERNAL 
DATA MEMORY 
EXTERNAL 


MG0676 
DATA MEMORY 


DIRECT 
REGISTER 
BYTE 
MNEMONIC 
BIT ADDRESS 
ADDRESS 
(HEX) 
~, 
,,-A---. 


T31 
I FFH 
PWMP 
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PWMO 
. 
~_ 
FCH 


IP1 ,{ 
FF I FE I FD I FC I FB I FA I F91 
FBl 
FBH 
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S1ADR 


SlOAT 


S1STA 


S1CON 


, 
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SFRs containing 
directly addressable 
bns 


DIRECT 
REGISTER 
BYTE 
MNEMONIC 
BIT ADDRESS 
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~,-----_._-----,r-"---. 
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I 
I 
I 
1 
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11'01 I BE 1BD I BC 1 BB 1 SA 1 B91 B81 
BBH 
: 
~ 


SOH 


AFH 


AEH 


ADH 


ACH 


ABH 


AAH 


ASH 


ASH 


~1~IMIMIMI~IMIMIM1MH 


SOBUF '} 
'199H 


SOCON, 
9F I 9E 190 I 9C 1 9B 1 9A 1 99 1 98, 
98H 


P1 1971 
96 I 95 1 94 I 93 1 92 I 91 1 90190H 


TH1 


THO 


TL1 


TLO 


TMOD 


TCON 


PCON 


, 


8F I 8E I 80 I 8C I 8B I 8A I 89 I 88 
, 
, 


871 
86 I 85 I 84 I 83 I 82 I 81 I 80 


SFRs containing 
directly addressable 
bits 


10 
VO FACILITIES 


10.1 
Ports 


The P8xCL580 has 40 I/O lines treated as one 8-bit port 
plus 32 individually addressable 
bits or as five parallel 8-bit 


addressable 
ports. Port 4 has no alternative function. 
Ports 0, 1, 2 and 3 have the following alternative functions: 


Port 0 Provides the multiplexed 
low-order address and 


data bus for expanding the device with standard 
memories and peripherals. 


Port 1 Used for a number of special functions: 


o Provides the inputs for the external interrupts: 


INT2 to INT8. 


o External activation of Timer 2: T2. 


o External trigger of the ADC: STADC. 


o The 
12C-bus interface: SCL and·SDA. 


Port 2 Provides the high-order address when expanding 


the device with external Program or Data Memory. 


Port 3 Pins can be configured 
individually to provide: 


o 
External interrupt request inputs: INT1 and INTO. 


o Counter input: T1 and TO. 


o Control signals to read and write to external 


memories: 
RD and WR. 


o UART input and output:. RXD and TXD. 


To enable a port pin alternative function, the port bit latch 
in its SFR must contain a logic 1. 


Each port consists of a latch (SFRs POto P4), an output 
driver and input buffer. Ports 1, 2, 3 and 4 have internal 
pull-ups (except P1.6 and P1.7). Figure 9(a) shows that 
the strong transistor 
'p1' is turned on for only 2 oscillator 


periods after a LOW-to-HIGH 
transition 
in the port latch. 


When on, it turns on 'p3' (a weak pull-up) through the 
inverter. This inverter and 'p3' form a latch which holds the 
logic 1. In Port 0 the pull-up 'p1' is only on when emitting 
logic 1s for external memory access. Writing a logic 1 to a 
Port 0 bit latch leaves both output transistors 
switched off 


so that the pin can be used as an high-impedance 
input. 


10.2 
Port options 


Thirtyeight 
of the 40 port pins (exclUding P1.6 and P1.7 


with option 2S only) may be individually 
configured with 


one of the following options. These options are also shown 
in Fig.9. 


Option 1 Standard 
Port; quasi-bidirectional 
I/O with 


pUll-up. The strong booster pull-up 'p1' is turned 
on for two oscillator periods after a 


LOW-to-HIGH 
transition 
in the port latch; 


Fig.9(a). 


Option 2 Open-drain; 
quasi-bidirectional 
I/O with 


n-channel open-drain 
output. Use as an output 


requires the connection 
of an external pull-up 


resistor; see Fig.9(b). 


Option 3 Push-pull; 
output with drive capability 
in both 


polarities. Under this option, pins can only be 
used as outputs; see Fig.9(c). 


10.3 
Port 0 options 


The definition of port options for Port 0 is slightly different. 
Two cases are considered. 
First, access to external 


memory (EA = 0 or access above the bum-in memory 
boundary) and second, I/O accesses. 


10.3.1 
EXTERNALMEMORYACCESSES 


Option 1 True logic 0 and logic 1 are written as address to 


the external memory (strong pull-up to be used). 


Option 2 An external pUll-Up resistor is required for 


external accesses. 


Option 3 Not allowed for external memory accesses as 


the port can only be used as output. 


10.3.2 
I/O ACCESSES 


Option 1 When writing a logic 1 to the port latch, the 


strong pUll-Up 'p1' will be on for 2 oscillator 
periods. No weak pUll-up exists. Without an 
external pUll-Up, this option can be used as a 
high-impedance 
input. 


Option 2 Open-drain; quasi-directional 
I/O with n-channel 


open-drain output. Use as an output requires the 
connection 
of an external pull-up resistor. See 


Fig.9(b). 


Option 3 Push-PUll; output with drive capability in both 


polarities. Under this option pins can only be 
used as outputs. See Fig.9(c). 


10.4 
SET/RESET 
options 


Individual mask selection of the post-reset state is 
available with any of the above pins. The required 
selection is made by appending'S' 
or 'R' to Options 1, 2, 


or 3 above. 


Option R 
RESET, at reset this pin will be initialized LOW. 


Option S SET, at reset this pin will be initialized 
HIGH. 


I 
n 


~ 


strong 
pull-up 


\ 
+5V 


:J 


d~nP1 
_ 
1/0 pin 
a 
from port latch 
•••...----+----- 


~ 


11 
TIMER/EVENT 
COUNTERS 


The PaxcL580 
contains three 16-bit timer/event 
counter 


registers; Timer 0, Timer 1 and Timer 2 which can perform 
the following functions: 


• Measure time intervals and pulse durations 


• Count events 


• Generate interrupt requests. 


In the 'Timer' operating 
mode the register is incremented 


every machine cycle. Since a machine cycle consists of 12 
oscillator periods, the count rate is 1;12 x fose• 


In the 'Counter' operating 
mode, the register is 


incremented 
in response to a HIGH-to-LOW 
transition. 
Since it takes 2 machine cycles (24 oscillator periods) to 
recognize a HIGH-to-LOW 
transition, the maximum count 


rate is %4 x fose. To ensure a Iliven level is sampled, it 
should be held for at least one complete machine cycle. 


11.1 
Timer 0 and Timer 1 


Timer 0 and Timer 1 can be programmed 
independently to 


operate in four modes: 


Mode 0 
8-bit timer or 8-bit counter each with divide-by-32 
prescaler. 


Mode 1 
16-bit time-interval 
or event counter. 


Mode 2 
8-bittime-interval 
or event counter with automatic 


reload upon overflow. 


Mode 3 Timer 0 establishes TLO and THO as two 


separate counters. 


11.2 
Timer T2 


Timer T2 is a 16-bit timer/counter 
that can operate (like 


Timer 0 and 1) either as a timer or as an event counter. 
These functions are selected by the state of the C/T2 bit in 
the T2CON register; see Tables 2 and 3. 


Three operating modes are available Capture, Auto-reload 
and Baud Rate Generator, which also are selected via the 
T2CON register; see Table 4. 


11.2.1 
CAPTUREMODE 


Figure 10 shows the Capture mode. Two options in this 
mode, may be selected by the EXEN2 bit in T2CON: 


• If EXEN2 = 0, then Timer 2 is a 16-bit timer or counter 


which upon overflowing 
sets the Timer 2 overflow bit 


TF2, this may then be used to generate an interrupt. 


• If EXEN2 = 1, Timer 2 operates as described above but 


with the additional feature that a HIGH-to-LOW 
transition 
at external input T2EX causes the current 


value in TL2 and TH2 to be captured into registers 
RCAP2L and RCAP2H respectively. 
In addition, the 


transition 
at T2EX causes the EXF2 bit in T2CON to be 


set; this may also be used to generate an interrupt. 


11.2.2 
AUTO-RELOADMODE 


Figure 11 shows the Auto-reload 
mode. Also two options 


in this mode are selected by the EXEN2 bit in T2CON: 


• If EXEN2 = 0, then when Timer 2 rolls over, it sets the 


TF2 bit but also causes the Timer 2 registers to be 
reloaded with the 16-bit value held in registers RCAP2L 
and RCAP2H. The 16-bit value held in these registers is 
preset by software. 


• If EXEN2 = 1, Timer 2 operates as described above but 


with the additional feature that a HIGH-to-LOW 
transition 
at external input T2EX will also trigger the 


16-bit reload and set the EXF2 bit. 


11.2.3 
BAUDRATEGENERATORMODE 


The Baud Rate Generator 
mode is selected when 


RTCLK = 1. It will be described 
in conjunction 
with the 


serial port (UARl); 
see Section 
16.3.2. 


11.3 
Timer/Counter 
2 Control 
Register 
(T2CON) 


Table 2 
Timer/Counter 
2 Control Register (SFR address C8H) 


BIT 
SYMBOL 
DESCRIPTION 


7 
TF2 
Timer 
2 overflow 
flag. Set by a Timer 2 overflow and must be cleared by software. TF2 
will not be set when RTCLK = 1. 


6 
EXF2 
Timer 
2 external 
flag. Set when either a capture or reload is caused by a negative 
transition 
on T2EX and when EXEN2 = 1. When Timer T2 interrupt is enabled, 


EXF2 = 1 will cause the CPU to vector to Timer 2 interrupt routine. EXF2 must be 
cleared by software. 


5 
GF2 
General 
purpose 
flag bit. 


4 
RTCLK 
Receive/transmit 
clock 
flag. When set, causes the UART serial port to use Timer 2 
overflow 
pulses for its receive and transmit clock in Modes 1 and 3. RTCLK = 0 causes 
Timer 1 overflows to be used for the receive and transmit clock. 


3 
EXEN2 
Timer 
2 external 
enable 
flag. When set, allows a capture or reload to occur as a result 


of a negative transition 
on T2EX, if Timer 2 is not being used to clock the serial port. 


EXEN2 = 0, causes Timer 2 to ignore events at T2EX. 


2 
TR2 
Start/stop 
control 
for Timer 
2. TR2 = 1 starts the timer. 


1 
CfT2 
Timer 
or counter 
select 
for Timer 
2. CfT2 = 0 selects the internal timer with a clock 


frequency 
of 1;12 x fosc. CfT2 = 1 selects the external event counter; negative edge 
triggered. 


0 
CP/RL2 
Capture/Reload 
flag. When set, captures will occur on negative transitions 
at T2EX, if 


EXEN2 = 1. When cleared, auto-reloads 
will occur either with Timer 2 overflows 
or 


negative transitions 
at T2EX when EXEN2 = 1. When RTCLK = 1, this bit is ignored and 


the timer is forced to auto-reload 
on a Timer 2 overflow. 


RTCLK 
CP/RL2 
TR2 
MODE 


0 
0 
1 
16-bit Auto-reload 
. 


0 
1 
1 
16-bit Capture 


1 
X 
1 
Baud Rate Generator 


X 
X 
0 
Off 


11.4 
Watchdog Timer 


In addition to Timer T2 and the standard timers, a 
Watchdog 
Timer (consisting 
of an 11-bit prescaler and an 
8-bit timer) is also incorporated. 


The Watchdog 
Timer is controlled 
by the Watchdog 


Enable pin (EWN). When EWN = 0, the timer is enabled 
and the Power-down 
mode is disabled. When EWN = 1, 
the timer is disabled and the Power-down 
mode is 


enabled. In the Idle mode the Watchdog 
Timer and reset 


circuitry remain active. 


The Watchdog 
Timer is shown in Fig. 12. 


The timer frequency 
is derived from the oscillator 
frequency 
using the following formula: 


fose 
ftimer = 
(12 x 2048) 


When a timer overflow occurs, the microcontroller 
is reset 
and a reset output pulse is generated 
at the RST pin. To 


prevent a system reset the timer must be reloaded in time 
by the application 
software. 
If the processor 
suffers a 


hardware/software 
malfunction, 
the software will fail to 


reload the timer. This failure will produce a reset upon 
overflow thus preventing the processor 
running out of 


control. 


The Watchdog Timer can only be reloaded if the condition 
flag WLE (PCON.4) has been previously 
set by software. 
At the moment the counter is loaded the condition flag is 
automatically 
cleared. 


The time interval between the timer reloading and the 
occurrence 
of a reset is dependent 
upon the reloaded 


value. For example, this time period may range from 2 ms 
to 500 ms when using an oscillator frequency 
fose = 12 MHz. 


12 
PULSE WIDTH MODULATED 
OUTPUT 


One Pulse Width Modulated output channel (PWMO) is 
provided which outputs pulses of programmable 
length 
and interval. The repetition frequency is defined by an 8-bit 
prescaler (PWMP) that generates the clock for the 
counter. The 8-bit counter counts modulo 255, Le. from 
o to 254 inclusive. The value held in the 8-bit counter is 
compared to the contents of the register PWMO. 


Provided the contents of this register are greater than the 
counter value, the PWMO output is set LOW. If the 
contents of register PWMO are equal to, or less than the 
counter value, the PWMO output is set HIGH. The 
pulse-width-ratio 
is therefore defined by the contents of 


register PWMO. The pulse-width-ratio 
will be in the range 
o to 25%55 and may be programmed 
in increments of %55. 


12.1 
Prescaler 
Frequency 
Control 
Register 
(PWMP) 


Table 5 
Prescaler 
Frequency Control Register (address FEH) 


The repetition frequency 
(fPWM) at the PWMO output is 


given by: 


fosc 


f 
---------- 
PWM- 
{2x(1 
+PWMP)x255} 


For fosc= 12 MHz the above formula gives a repetition 
frequency 
range of 92 Hz to 23.5 kHz. 


By loading the PWMO register with either OOHor FFH, the 
PWMO output can be retained at a constant HIGH or LOW 
level respectively. 
When loading FFH into the PWMO 


register, the 8-bit counter will never actually reach this 
value. 


The PWMO output pin is driven by push-pull drivers and is 
not shared with any other function. 


Table 6 
Description 
of PWMP bits 


SYMBOL 


PWMP.7 to PWMP.O 


DESCRIPTION 


Prescaler division factor = (PWMP) + 1. 


12.2 
Pulse Width 
Register 
(PWMO) 


Table 7 
Pulse Width Register (address FCH) 


BIT 
SYMBOL 
DESCRIPTION 


7 to 1 
PWMO.7 to PWMO.O 
LOW/HIGH 
ratio of PWfVIOsignal = {255 (~~p~~O)} 


13 
ANAlOG-TO-DIGITAl 
CONVERTER 
(ADC) 


The analog input circuitry consists of a 4-bit analog 
multiplexer 
and an ADC with 8-bit resolution. The analog 


reference voltage 
(Vref(p)(A») 
and analog ground (VssA) are 


connected 
via separate 
input pins. The conversion 
is 


selectable 
from 24 machine cycles (24 Ils at 


fose = 12 MHz) to 48 machine cycles. The functional 
diagram of the ADC is shown in Fig. 14. 


The ADC is controlled 
using the ADC Control Register 


(ADCON). 
Input channels are selected 
by the analog 


multiplexer 
via the ADCON register bits AADRO and 


AADR1. The completion 
of the 8-bit ADC conversion 
is 


flagged by ADCI in the ADCON register and the result is 
stored in the Special Function Register ADCH (address 
C5H). 


An ADC conversion 
in progress is unaffected 
by an 


external software ADC start. 


The result of a completed 
conversion 
remains unaffected 


provided ADCI = 1. While ADCS = 1 or ADCI = 1, a new 
ADC start will be blocked and consequently 
lost. 


An ADC conversion 
already in progress is aborted when 


the Power-down 
mode is entered. The result of a 


completed 
conversion 
(ADCI = 1) remains unaffected 


when entering the Idle or Power-down 
mode. 


The analog-to-digital 
conversion 
can be started in 3 ways: 


• Start in operating 
mode, continue in operating 
mode. 


• Start in operating mode, by setting the ADCS bit, then go 


to Idle mode. 


• Set the ADEX bit, go to the Idle mode and start 


conversion 
externally via the STADC pin. 


For the three cases mentioned 
above the internal flag 


ADCI is set upon completion 
of the conversion. 


13.1 
ADC Control 
Register 
(ADCON) 


Table 9 
ADC Control Register (address C4H) 


BIT 
SYMBOL 
DESCRIPTION 


7 
- 
Reserved. 


6 
ADPD 
Power-down. 
This bit switches off the resistor reference to save power even when the 


CPU is operating. 


5 
ADEX 
Enable external 
start of conversion. 
This bit determines 
whether a conversion 
can be 


started using the external pin STADC. When AD EX = 0, a conversion 
cannot be started 


externally 
using STADC. When ADEX = 1, a conversion 
can be started externally 
using 


STADC. 


4 
ADCI 
ADC interrupt 
flag. This flag is set when an ADC conversion 
result is ready to be read. 


An interrupt is invoked if this is enabled. This flag must be cleared by software (it cannot 
be set by software); 
see Table 11. 


3 
ADCS 
ADC start and status 
flag. When this bit is set an ADC conversion 
is started. ADCS 


may be set by software or by the external signal STADC. The ADC logic ensures that 
this signal is HIGH while the ADC is busy. On completion 
of the conversion 
ADCS is 


reset and after that the interrupt flag ADCI is set. ADCS cannot be reset by software; 
see Table 11. 


2 
CKDIV 
This bit selects the conversion 
time, in terms of instruction cycles. This allows the CPU 


to be run at the maximum frequency 
(12 MHz) yet keeping the ADC timing at low 


frequency. When CKDIV = 0, the conversion 
time is equivalent to 24 instruction 
cycles. 


When CKDIV = 1, the conversion 
time is equivalent 
to 48 instruction 
cycles. The 


conversion 
time includes a sampling time of 6 cycles. 


1 
AADR1 
Analog 
input 
select. 
These bits are used to select one of the four analog inputs; see 


0 
AADRO 
Table 12. They only can be changed when ADCI and ADCS are both LOW. 


ADCI 
ADCS 
OPERATION 


0 
0 
ADC not busy; a conversion 
can be 


started. 


0 
1 
ADC busy; start of a new conversion 
is 


blocked. 


1 
0 
Conversion 
completed; 
start of a new 


conversion 
is blocked. 


1 
1 
Intermediate 
status for a maximum of 
one machine cycle before conversion 
is 


completed 
(ADCI = 1, ADCS = 0). 


AADR1 
AADRO 
SELECTED 
CHANNEL 


0 
0 
ADO 


0 
1 
AD1 


1 
0 
AD2 


1 
1 
AD3 


There are two software selectable 
modes of reduced 
activity for further power reduction: 
Idle and Power-down. 


14.1 
Idle mode 


Idle mode operation 
permits the interrupt, serial ports, 
timer blocks, PWM and AOC to continue to function while 
the clock to the CPU is halted. 


The following functions 
remain active during the Idle 
mode: 


• Timer 0, Timer 1, Timer 2 and Timer 3 


• UART, 
12C-bus interface 


• 
External interrupt 


• 
PWMO (reset; output = HIGH) 


• AOC. 


These functions 
may generate an interrupt or reset; thus 
ending the Idle mode. 


The instruction 
that sets bit IOL (PCON.O) is the last 


instruction executed 
In the normal operating 
mode before 
the Idle mode is activated. Once in Idle mode, the CPU 
status is preserved along with the Stack Pointer, Program 
Counter, 
Program Status Word and Accumulator. 
The 
RAM and all other registers maintain their data during Idle 
mode. The status of the external pins during Idle mode is 
shown in Table 13. 


There are two ways to terminate the Idle mode: 


1. 
Activation 
of any enabled interrupt will cause IOL 


(PCON.O) to be cleared by hardware thus terminating 
the Idle mode. The interrupt is serviced, and following 
the RETI instruction, 
the next instruction to be 
executed will be the one following the instruction that 
put the device in the Idle mode. The flag bits GFO 
(PCON.2) and GF1 (PCON.3) may be used to 
determine whether the interrupt was received during 
normal execution 
or during the Idle mode. For 
example, the instruction that writes to PCON.O can 
also set or clear one or both flag bits. When the Idle 
mode ISterminated 
by an interrupt, the service routine 


can examine the status of the flag bits. 


2. 
The second way of terminating the Idle mode is with an 
external hardware reset, or an internal reset caused by 
an overflow of Timer T2. Since the oscillator is still 
running, the hardware reset is required to be active for 
two machine cycles (24 oscillator periods) to complete 
the reset operation. Reset redefines all SFRs but does 
not affect the on-chip RAM. 


14.2 
Power-down 
mode 


The Power-down 
operation freezes the oscillator. The 


Power-down 
mode can only be activated by setting the PO 


bit in the PCON register. 


The instruction that sets PO (PCON.1) is the last executed 
prior to going into the Power-down 
mode. Once in the 


Power-down 
mode, the oscillator is stopped. The contents 
of the on-chip RAM and the SFRs are preserved. The port 
pins output the value held by their respective 
SFRs. ALE 


and PSEN are held LOW. 


In the Power-down 
mode, Voo may be reduced to 


minimize circuit power consumption. 
The supply voltage 


must not be reduced until the Power-down 
mode is 


entered, and must be restored before the hardware 
reset 


is applied which will free the oscillator. Reset should not be 
released until the oscillator 
has restarted and stabilized. 


14.3 
Wake-up 
mode 


Setting the PO flag in the PCON register forces the 
controller into the Power-down 
mode. Setting this flag 
enables the controller to be woken-up 
from the 


Power-down 
mode with either the external interrupts INT2 
to INT8, or a reset operation. The wake-up operation 
has 
two basic approaches 
as explained 
in Section 14.3.1; 


14.3.2 and illustrated in Fig.15. 


14.3.1 
WAKE-UPUSINGINT2 TO INT8 


If any of the interrupts 
INT2 to INT8 are enabled, the 


device can be WOken-up from the Power-down 
mode with 
the external interrupts. To ensure that the oscillator is 
stable before the controller 
restarts, the internal clock will 
remain inactive for 1536 oscillator 
periods. This is 
controlled 
by an on-chip delay counter. 


14.3.2 
WAKE-UPUSINGRST 


To wake-up the P8xCL580, 
the RST pin must be kept 


HIGH for a minimum of 24 periods. The on-Chip delay 
counter is inactive. The user must ensure that the oscillator 
is stable before any operation 
is attempted. 


14.4 
Status 
of external 
pins 


The status of the external pins during Idle and Power-down 
mode is shown in Table 13. If the Power-down 
mode is 
activated whilst accessing external Program Memory, the 
port data that is held in the Special Function Register P2 is 
restored to Port 2. 


If the data is a logic 1, the port pin is held HIGH during the 
Power-down 
mode by the strong pull-up transistor 
'p1 '; 


see Fig.9(a). 


MODE 
MEMORY 
ALE 
PSEN 
PWMO 
PORTO 
PORT 1 
PORT 2 
PORT 3 
PORT 4 


Idle 
internal 
1 
1 
active 
port data 
port data 
port data 
port data 
port data 


external 
1 
1 
active 
floating 
port data 
address 
port data 
port data 


Power-down 
internal 
0 
0 
HIGH 
port data 
port data 
port data 
port data 
port data 


external 
0 
0 
HIGH 
floating 
port data 
port data 
port data 
port data 


14.5 
Power 
Control 
Register 
(PCON) 


Idle and Power-down 
modes are activated by software using this SFR. PCON is not bit addressable, 
the reset value of 
PCON is OXXOOOOOB. 


Table 14 Power Control Register (address 87H) 


I 
S:OO 
I 
6 
I 


4 


WLE 
3 


GF1 


2 


GFO 


BIT 
SYMBOL 
DESCRIPTION 


7 
SMOO 
Double 
Baud rate bit. When set to a logic 1 the baud rate is doubled when the serial 
port SIOO is being used in modes 1, 2 or 3. 


6 and 5 
- 
Reserved. 


4 
WLE 
Watchdog 
Load Enable. This flag must be set by software prior to loading the 
Watchdog Timer (T3). It is cleared when T3 is loaded. 


3 and 2 
GF1 and GFO 
General 
purpose 
flag bits. 


1 
PO 
Power-down 
bit. Setting this bit activates the Power-down 
mode. This bit can only be 
set if input EWN is HIGH. If a logic 1 is written to both PO and 10L at the same time, PO 
takes precedence. 


0 
10L 
Idle mode bit. Setting this bit activates the Idle mode. 


1__ 
- 
__________________ 
n~ 
_ 


These functions 
are controlled 
by the Serial Control 


Register S1CON. S1STA is the Status Register whose 
contents may also be used as a vector to various service 
routines. S1 DAT is the Data Shift Register and S1ADR is 
the Slave Address Register. Slave address recognition 
is 


performed 
by on-chip hardware. 


Figure 16 is the block diagram of the 12C-bus serial I/O. 


15 
12C-BUS SERIAL VO 


The serial port supports the twin line 12C-bus, which 
consists of a data line (SDA) and a clock line (SCl). 
These 


lines also function as the I/O port lines P1.7 and P1.6 
respectively. 


The system is unique because data transport, 
clock 


generation, address recognition and bus control arbitration 
are all controlled 
by hardware. 


The 12C-bus serial I/O has complete autonomy 
in byte 


handling and operates 
in 4 modes: 


• Master transmitter 


• Master receiver 


• Slave transmitter 


• Slave receiver. 


7 


I 
SLAVE 
ADDRESS 


S1ADR 


7 


SHIFT 
REGISTER 


S1DAT 


BUS CLOCK 
GENERATOR 


7 


CONTROL 
REGISTER 


S1CON 
7 


STATUS 
REGISTER 


S1STA 
MLB199 


15.1 
Serial 
Control 
Register 
(51 CON) 


Table 16 Serial Control Register (SFR address D8H) 


__ 
C_:_2__ 
1 
E:S1 
I 
S~A 
1__ 
S_~0 
S_31 
AA_2 
C_~_1 
C_:_0_~ 


BIT 
SYMBOL 
DESCRIPTION 


7 
CR2 
This bit along with bits CR1 (S1 CON.1) and CRO (S1CON.O) determines 
the serial clock 
frequency 
when SIO is in the Master mode. See Table 18. 


6 
ENS1 
ENABLE 
serial 
I/O. When ENS1 = 0, the serial 110 is disabled. 
SDA and SCL outputs 
are in the high impedance 
state; P1.6 and P1.7 function as open-drain 
ports. When 
ENS1 = 1, the serial 110 is enabled. Output port latches P1.6 and P1.7 must be set to 
logic 1. 


5 
STA 
START flag. When this bit is set in Slave mode, the SIO hardware checks the status of 
the 12C-bus and generates a START condition if the bus is free or after the bus becomes 
free. If STA is set while the SIO is in Master mode, SIO will generate a repeated START 
condition. 


4 
STO 
STOP flag. With this bit set while in Master mode a STOP condition is generated. 
When 
a STOP condition is detected on the 12C-bus, the SIO hardware clears the STO flag. 
STO may also be set in Slave mode in order to recover from an error condition. 
In this 
case no STOP condition is transmitted 
to the 12C-bus. However, the SIO hardware 


behaves as if a STOP condition has been received and releases the SDA and SCL. The 
SIO then switches to the not addressed 
slave receiver mode. The STOP flag is cleared 
by the hardware. 


3 
SI 
510 interrupt 
flag. This flag is set, and an interrupt is generated, 
after any of the 


following 
events occur: 


• A start condition is generated 
in Master mode 


• Own slave address has been received during AA = 1 


• The general call address has been received while GC (S1ADR.0) 
= 1 and AA = 1 


• A data byte has been received or transmitted 
in Master mode (even if arbitration is lost) 


• A data byte has been received or transmitted 
as selected slave 


• A Stop or Start condition is received as selected slave receiver or transmitter. 


2 
AA 
Assert 
Acknowledge. 
When this bit is set, an acknowledge 
(low level to SDA) is 


returned during the acknowledge 
clock pulse on the SCL line when: 


• Own slave address is received 
, 


• General call address is received; GC (S1ADR.0) = 1 


• A data byte is received while the device is programmed 
to be a Master Receiver 


• A data byte is received while the device is a selected Slave Receiver. 


When this bit is reset, no acknowledge 
is returned. Consequently, 
no interrupt is 
requested when the own slave address or general call address is received. 


1 
CR1 
These two bits along with the CR2 (S1CON.7) 
bit determine the serial clock frequency 


0 
CRO 
when SIO is in the Master mode. See Table 18. 


BIT RATE (kHz) AT Jose 
CR2 
CR1 
CRD 
Jose DIVISOR 
3.58 MHz 
6MHz 
12 MHz 


0 
0 
0 
256 
14.0 
23.4 
46.9 


0 
0 
1 
224 
16.0 
26.8 
53.6 


0 
1 
0 
192 
18.6 
31.3 
62.5 


0 
1 
1 
160 
22.4 
37.5 
75.0 


1 
0 
0 
960 
3.73 
6.25 
12.5 


1 
0 
1 
120 
29.8 
50.0 
100.0 


1 
1 
0 
60 
59.7 
100.0 
- 


1 
1 
1 
not allowed 
- 
- 
- 


15.2 
Serial 
Status 
Register 
(S1STA) 


S1STA is a read-only 
register.The 
contents of this register may be used as a vector to a service routine. This optimizes 


the response time of the software and consequently 
that of the 12C-bus. The status codes for all possible modes of the 


12C-bus interface are given in Tables 21 to 25. 


Table 19 Serial Status Register (address D9H) 


I 
S~4 
I 
S~3 
I 
S~2 
I 


4 


SC1 


3 


SCO 


BIT 
SYMBOL 
DESCRIPTION 


3 to 7 
SC4to 
SCO 
5-bit status code. 


o to 2 
- 
These three bits are always zero. 


S1STA VALUE 
DESCRIPTION 


08H 
A START condition has been transmitted. 


10H 
A repeated START condition has been transmitted. 


18H 
SLA and W have been transmitted, 
ACK has been received. 


20H 
SLA and W have been transmitted, 
ACK received. 


28H 
DATA of S1 OAT has been transmitted, 
ACK received. 


30H 
DATA of S1 OAT has been transmitted, 
ACK received. 


38H 
Arbitration 
lost in SLA, Am or DATA. 


S1STA VALUE 
DESCRIPTION 


08H 
A START condition has been transmitted. 


10H 
A repeated START condition has been transmitted. 
, 


38H 
Arbitration 
lost while returning ACK. 


40H 
SLA and R have been transmitted, 
ACK received. 


48H 
SLA and R have been transmitted, 
ACK received. 


50H 
DATA has been received, ACK returned. 


58H 
DATA has been received, ACK returned. 


S1STA VALUE 
DESCRIPTION 


60H 
Own SLA and W have been received, ACK returned. 


68H 
Arbitration 
lost in SLA, RIW as MST. Own SLA and W have been received, ACK returned. 


70H 
General CALL has been received, ACK returned. 


78H 
Arbitration 
lost in SLA, RIW as MST. General CALL has been received. 


80H 
Previously 
addressed 
with own SLA. DATA byte received, ACK returned. 


88H 
Previously 
addressed 
with own SLA. DATA byte received, ACK returned. 


90H 
Previously 
addressed 
with general CALL. DATA byte has been received, ACK has been returned. 


98H 
Previously 
addressed 
with general CALL. DATA byte has been received, ACK has been returned. 


AOH 
A STOP condition or repeated START condition has been received while still addressed 
as SLV/REC 


or SLVITRX. 


S1STA VALUE 
DESCRIPTION 


A8H 
Own SLA and R have been received, ACK returned. 
, 


BOH 
Arbitration 
lost in SLA, RIW as MST. Own SLA and R have been received, ACK returned. 


B8H 
DATA byte has been transmitted, 
ACK received. 


COH 
DATA byte has been transmitted, 
ACK received. 


C8H 
Last DATA byte has been transmitted 
(AA = 0), ACK received. 


S1STA VALUE 
DESCRIPTION 


OOH 
Bus error during MST mode or selected SLY mode, due to an erroneous 
START or STOP condition. 


F8H 
No relevant state information 
available, 
SI = O. 


SYMBOL 
DESCRIPTION 


SLA 
7-bit slave address 


R 
Read bit 
. 


W 
Write bit 


ACK 
Acknowledgement 
(acknowledge 
bit is logic 0) 


ACK 
No acknowledgement 
(acknowledge 
bit is logic 1) 


DATA 
a-bit data byte to or from 
12C-bus 


MST 
Master 


SLV 
Slave 


TRX 
Transmitter 


REC 
Receiver 


15.3 
Data Shift 
Register 
(S1 OAT) 


S1DAT contains the serial data to be transmitted 
or data which has just been received. The MSB (bit 7) is transmitted 
or 


received first; Le. data shifted from right to left. 


15.4 
Address 
Register 
(S1ADR) 


This a-bit register may be loaded with the 7-bit slave address to which the controller will respond when programmed 
as 
a slave receiver/transmitter. 


BIT 
SYMBOL 
DESCRIPTION 


7 to 1 
SLA6 to SLAO 
Own slave address. 


0 
GC 
This bit is used to determine whether the general call address is recognized. 
When 
GC = 0, the general call address is not recognized; 
when GC = 1, the general call 
address is recognized. 


This serial port is full duplex which means that it can 
transmit and receive simultaneously. 
It is also 


receive-buffered 
and can commence 
reception of a 


second byte before a previously 
received byte has been 


read from the register. (However, 
if the first byte has not 


been read by the time the reception of the second byte is 
complete, 
one of the bytes will be lost). The serial port 
receive and transmit registers are both accessed via the 
Special Function Register SOBUF. Writing to SOBUF loads 
the transmit register and reading SOBUF accesses a 
physically separate 
receive register. 


The serial port can operate in 4 modes: 


Mode 0 
Serial data enters and exits through RXD. TXD 
outputs the shift clock. Eight bits are 
transmitted/received 
(LSB first). The baud rate is 


fixed at 1;'2 x fose. See Figs 18 and 19. 


Mode 1 
10 bits are transmitted 
(through TXD) or received 


(through RXD): a start bit (logic 0), 8 data bits 
(LSB first), and a stop bit (logic 1). On receive, 
the stop bit goes into RB8 in Special Function 
Register SOGON. The baud rate is variable. 
See Figs 20 and 21. 


Mode 2 
11 bits are transmitted 
(through TXD) or received 


(through RXD): start bit (logic 0), 8 data bits (LSB 
first), a programmable 
9th data bit, and a stop bit 


(logic 1). On transmit, the 9th data bit (TB8 in 
SOGON) can be assigned the value of a logic 0 or 
logic 1. Or, for example, the parity bit (P, in the 
PSW) could be moved into TB8. On receive, the 
9th data bit goes into RB8 in SOGON, while the 
stop bit is ignored. The baud rate is 
programmable 
to either %2 or %4 x fose. 


See Figs 22 and 23. 


Mode 3 
11 bits are transmitted 
(through TXD) or received 


(through RXD): a start bit (logic 0), 8 data bits 
(LSB first), a programmable 
9th data bit and a 


stop bit (logic 1). In fact, Mode 3 is the same as 
Mode 2 in all respects except baud rate. The 
baud rate in Mode 3 is variable. 
See Figs 24 and 25. 


In all four modes, transmission 
is initiated by any 


instruction that uses SOBUF as a destination 
register. 
Reception is initiated in Mode 0 by the condition RI = 0 and 
REN = 1. Reception 
is initiated in the other modes by the 


incoming start bit if REN = 1. 


16.1 
Multiprocessor 
communications 


Modes 2 and 3 have a special provision for multiprocessor 
communications. 
In these modes, 9 data bits are received. 
The 9th bit goes into RB8. The following 
bit is the stop bit. 


The port can be programmed 
such that when the stop bit 
is received, the serial port interrupt will be activated, 
but 


only if RB8 = 1. This feature is enabled by setting bit SM2 
in SOGON. One use of this feature, in multiprocessor 
systems, is as follows. 


When the master processor wants to transmit a block of 
data to one of several slaves, it first sends out an address 
byte which identifies the target slave. An address byte 
differs from a data byte in that the 9th bit is HIGH in an 
address byte and LOW in a data byte. With SM2 = 1, no 
slave will be interrupted 
by a data byte. An address byte, 


however, will interrupt all slaves, so that each slave can 
examine the received byte and see if it is being addressed. 
The addressed 
slave will clear its SM2 bit and prepare to 
receive the data bytes that will be sent. The slaves that 
were not being addressed 
leave their SM2 bits set and go 
on about their business, 
ignoring the coming data bytes. 


SM2 has no effect in Mode 0, and in Mode 1 can be used 
to check the validity of the stop bit. In a Mode 1 reception, 
if SM2 = 1, the receive interrupt will not be activated unless 
a valid stop bit is received. 


16.2 
Serial 
Port Control 
and Status 
Register 
(SOCON) 


The Serial Port Control and Status Aegister is the Special Function Aegister SOCON. The register contains not only the 
mode selection 
bits, but also the 9th data bit for transmit and receive (TB8 and AB8), and the serial port interrupt bits 
(TI and AI). 


Table 30 Serial Port Control Aegister (address 98H) 


I 
S~2 
I__ 
A_:_N 
__ 
~ __ T_:_8 
A_~_8 
T_11 
__ 
~ 
__ :_1__ 


7 


SMO 


6 


SM1 


BIT 
SYMBOL 
DESCRIPTION 


7 
SMO 
These bits are used to select the serial port mode; see Table 32. 


6 
SM1 


5 
SM2 
Enables the multiprocessor 
communication 
feature in Modes 2 and 3. In these modes, if 


SM2 = 1, then AI will not be activated if the received 9th data bit (AB8) is a logic 0. In 
Mode 1, if SM2 = 1, then AI will not be activated unless a valid stop bit was received. 
In 


Mode 0, SM2 should be a logic 0. 


4 
AEN 
Enables serial reception and is set by software to enable reception, 
and cleared by 


software to disable reception. 


3 
TB8 
Is the 9th data bit that will be transmitted 
in Modes 2 and 3. Set or cleared by software as 


desired. 


2 
AB8 
In Modes 2 and 3, is the 9th data bit received. In Mode 1, if SM2 =°then AB8 is the stop 
bit that was received. In Mode 0, AB8 is not used. 


1 
TI 
The transmit 
interrupt 
flag. Set by hardware at the end of the 8th bit time in Mode 0, or 


at the beginning of the stop bit time in the other modes. in any serial transmission. 
Must 


be cleared by software. 
° 


AI 
The receive 
interrupt 
flag. Set by hardware at the end of the 8th bit time in Mode 0, or 


halfway through the stop bit time in the other modes. in any serial transmission 
(except 


see SM2). Must be cleared by software. 


SMO 
SM1 
MODE 
DESCRIPTION 
BAUD RATE 
° 
° 
Mode ° 
Shift register 
1;12x fose 


° 


1 
Mode 1 
8-bit UAAT 
variable 


1 
° 
Mode 2 
9-bit UAAT 
%2 or %4 x fose 


1 
1 
Mode 3 
9-bit UAAT 
variable 


16.3 
Baud rates 


The baud rate in Mode 0 is fixed and may be calculated as: 


f 
Baud Rate = 
ose 
12 


The baud rate in Mode 2 depends on the value of the 
SMOD bit in Special Function Register peON 
and may be 


calculated 
as: 


2 
SMOD 
Baud Rate = ~ 
x fose 


• 
If SMOD = 0 (value on reset), the baud rate is %4 x fose 


• 
If SMOD = 1, the baud rate is %2 x fose 


The baud rates in Modes 1 and 3 are determined 
by the 


Timer 1 or Timer 2 overflow rate. 


When Timer 1 is used as the Baud Rate Generator, 
the 


baud rates in Modes 1 and 3 are determined 
by the 


Timer 1 overflow rate and the value of the SMOD bit as 


2 
SMOD 
Baud Rate = ----:32 x Timer 1 Overflow 
Rate. 


The Timer 1 interrupt should be disabled 
in this 


application. 
The Timer itself can be configured 
for either 


'timer' or 'counter' operation in any of its 3 running modes. 
In most typical applications, 
it is configured 
for 'timer' 


operation, 
in the Auto-reload 
mode (high nibble of 


TMOD = 001 OB). In this case the baud rate is given by the 
formula: 


2SMOD 
f 


Baud Rate = ----:32 x {12 x (2~~e_ TH 1) } 


By configuring Timer 1 to run as a 16-bit timer (high nibble 
of TMOD = 0001 B). and using the Timer 1 interrupt to do 
a 16-bit software 
reload, very low baud rates can be 


achieved. Table 33 lists commonly 
used baud rates and 


how they can be obtained from Timer 1. 


BAUD RATE (kb/s) 
lose (MHz) 
SMOD 
CfT 
TIMER 1 MODE 
RELOAD 
VALUE 


1000.0(1} 
12.000 
X(2} 
X 
X 
X 


375.0(3) 
12.000 
1 
X 
X 
X 


62.5(4) 
12.000 
1 
0 
Mode 2 
FFH 


19.2 
11.059 
1 
0 
Mode 2 
FDH 


9.6 
11.059 
0 
0 
Mode 2 
FDH 


4.8 
11.059 
0 
0 
Mode 2 
FAH 
2.4 
11.059 
0 
0 
Mode 2 
F4H 


1.2 
11.059 
0 
0 
Mode 2 
E8H 


137.5 
11.986 
0 
0 
Mode 2 
1DH 


110.0 
6.000 
0 
0 
Mode 2 
72H 


110.0 
12.000 
0 
0 
Mode 1 
FEEBH 


Notes 


1. 
Maximum 
in Mode O. 


2. 
X = don't care 


3. 
Maximum 
in Mode 2. 


4. 
Maximum 
in Modes 1 and 3. 


Timer 2 is selected as a Baud Rate Generator 
by setting 


the RTCLK bit in T2CON. The Baud Rate Generator mode 
is similar to the Auto-reload 
mode, in that a roll-over in TH2 


causes Timer 2 registers to be reloaded with the 16-bit 
value held in the registers RCAP2H and RCAP2L, which 
are preset by software. 
Baud rates in Modes 1 and 3 are 


determined 
by Timer 2's overflow rate as specified below. 


B 
d R t 
_ Timer 2 Overflow 
Rate 


au 
a e - 
16 


The Timer 2 can be configured for either 'timer' or 'counter' 
operation. 
In the most typical applications, 
it is configured 


for 'timer' operation (CfT2 = 0). 'Timer' operation is slightly 
different for Timer 2 when it is being used as a Baud Rate 
Generator. 
Normally, as a timer it would increment every 


machine cycle at a frequency 
of 1/12 x fosc. However, as a 


Baud Rate Generator 
it increments 
every state time at a 


frequency 
of % x fosc. In this case the baud rate in 


Modes 1 and 3 is determined 
as: 


fosc 
Baud Rate = 32 x {65536 
_ (RCAP2H; 
RCAP2L) } 


Where (RCAP2H; 
RCAP2L) is the content of registers 


RCAP2H and RCAP2L taken as a 16-bit unsigned integer. 


The Baud Rate Generator 
mode for Timer 2 is shown in 
Fig.17. This figure is only valid if RTCLK = 1. At roll-over 
TH2 does not set the TF2 bit in T2CON and therefore, will 
not generate an interrupt. Consequently, 
the Timer 2 


interrupt does not need to be disabled when in the Baud 
Rate Generator 
mode. If EXEN2 is set, a HIGH-to-LOW 


transition 
on T2EX will set the EXF2 bit, also in T2CON, 


but will not cause a reload from (RCAP2H; 
RCAP2L) to 
(TH2, TL2). Therefore, 
in this mode T2EX may be used as 
an additional external interrupt. 


When Timer 2 is operating 
as a timer (TR2 = 1), in the 


Baud Rate Generator mode, registers TH2 and TL2 should 
not be accessed 
(read or write). Under these conditions 
the timer is being incremented 
every state time and 


therefore the results of a read or write may not be 
accurate. The registers RCAP2H and RCAP2L however, 
may be read but not written to. A write might overlap a 
reload and cause write and/or reload errors. If a write 
operation 
is required, Timer 2 or RCAP2H/RCAP2L 


should first be turned off by clearing the TR2 bit. 
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External events and the real-time-driven 
on-chip 


peripherals 
require service by the CPU asynchronously 
to 
the execution 
of any particular section of code. To tie the 


asynchronous 
activities of these functions to normal 


program execution 
a multiple-source, 
two-priority-Ievel, 


nested interrupt system is provided. The P8xCL580 
acknowledges 
interrupt requests from fifteen sources as 


follows: 


• 
INTO to INT8 


• Timer 0, Timer 1 and Timer 2 


• 
12C-bus serial I/O 


• UART 


• ADC. 


Each interrupt vectors to a separate 
location in Program 


Memory for its service routine. Each source can be 
individually 
enabled or disabled by corresponding 
bits in 


the Interrupt Enable Registers (1ENO and 1EN1). The 
priority level is selected via the Interrupt Priority Registers 
(IPO and IP1). All enabled sources can be globally disabled 
or enabled. Figure 26 shows the interrupt system. 


17.1 
External 
interrupts 
INT2 to INT8 


Port 1 lines serve an alternative 
purpose as seven 


additional interrupts 
INT2 to INT8. When enabled, each of 


these lines may wake-up the device from the Power-down 
mode. Using the Interrupt Polarity Register (IX1), each pin 
may be initialized to be either active HIGH or active LOW. 
IRQ1 is the Interrupt Request Flag Register. If the interrupt 
is enabled, each flag will be set on an interrupt request but 
must be cleared by software, i.e. via the interrupt software 
or when the interrupt is disabled. 


A low-priority 
interrupt can be interrupted 
by a high-priority 


interrupt but not by another low-priority 
interrupt. A 


high-priority 
can not be interrupted 
by any other interrupt. 


If two interrupt requests of different priority levels are 
received simultaneously, 
the request having the highest 


priority level will be serviced. 
If interrupt requests of the 


same priority level are received simultaneously 
an internal 


polling sequence 
determines 
which request is serviced. 


Thus within each priority level there is a second priority 
structure determined 
by the polling sequence 
(see Fig.26). 


Port 1 interrupts are level sensitive. A Port 1 interrupt will 
be recognized 
when a level (HIGH or LOW depending 
on 


the Interrupt Polarity Register) on P1.n is held active for at 
least one machine cycle. The interrupt request is not 
serviced until the next machine cycle. Figure 27 shows the 
external interrupt system. 


17.2 
Interrupt 
priority 


Each interrupt source can be set to either a high priority or 
to a low priority. If interrupts 
of the same priority are 


requested simultaneously, 
the processor will branch to the 
interrupt polled first, according to Table 34. 


A low priority interrupt routine can only be interrupted 
by a 


high priority interrupt. A high priority interrupt routine can 
not be interrupted. 


Table 34 shows the interrupt vectors in order of priority. 
The vector indicates the ROM location where the 
appropriate 
interrupt service routine starts. 


SYMBOU1} 
VECTOR 
SOURCE 
ADDRESS 
(HEX) 


XO (highest) 
0003 
External 0 


81 
002B 
12C port 


X5 
0053 
ExternalS 


TO 
OOOB 
Timer 0 


T2 
0033 
Timer 2 


X6 
005B 
External 6 


X1 
0013 
External 1 


X2 
003B 
External 2 


X7 
0063 
External 7 


T1 
001B 
Timer 1 


X3 
0043 
External 3 


X8 
006B 
External 8 


80 
0023 
UART 


X4 
004B 
External 4 


ADC (lowest) 
0073 
ADC 


Note 


1. 
XO has the highest priority; ADC the lowest. 
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17.3 
Interrupt 
related registers 


The registers IENO, IEN1, IPO, IP1, IX1 and IRQ1 are used in conjunction 
with the interrupt system. 


ADDRESS 
REGISTER 
DESCRIPTION 


A8H 
IENO 
Interrupt Enable Register 


E8H 
IEN1 
Interrupt Enable Register (INT2 to INT8) 


B8H 
IPO 
Interrupt Priority Register 


F8H 
IP1 
Interrupt Priority Register (INT2 to INT8, ADC) 


E9H 
IX1 
Interrupt Polarity Register 


COH 
IRQ1 
Interrupt Request Flag Register 


17.3.1 
INTERRUPTENABLEREGISTER(IENO) 


Bit values: 0 = interrupt disabled; 
1 = interrupt enabled. 


Table 36 Interrupt Enable Register (SFR address A8H) 


__ 
E_ 


7 


A 
E_~_2 
__ 
1 
E:1 
I 


4 


ESO 


1 


ETO 
o 


EXO 


BIT 
SYMBOL 
DESCRIPTION 


7 
EA 
.General enable/disable 
control. If EA = 0, no interrupt is enabled. If EA = 1, any 


individually 
enabled interrupt will be accepted. 


6 
ET2 
Enable T2 interrupt. 


5 
ES1 
Enable 
12C interrupt. 


4 
ESO 
Enable UART SIO interrupt. 


3 
ET1 . 
Enable Timer 1 interrupt (T1). 


2 
EX1 
Enable external interrupt 1. 


1 
ETO 
Enable Timer 0 interrupt (TO). 


0 
EXO 
Enable external interrupt O. 


17.3.2 
INTERRUPTENABLEREGISTER(IEN1) 


Bit values: 0 = interrupt disabled; 
1 = interrupt enabled. 


Table 38 Interrupt Enable Register (SFR address E8H) 


I 
E:O 
I 
E:8 
I 
E:7 
I 


4 


EX6 
3 


EX5 


2 


EX4 


1 


EX3 
o 


EX2 


BIT 
SYMBOL 
DESCRIPTION 


7 
EAO 
Enable AOC interrupt. 


6 
EX8 
Enable external interrupt 8. 


5 
EX7 
Enable external interrupt 7. 


4 
EX7 
Enable external interrupt 6. 


3 
EX5 
Enable external interrupt 5. 


2 
EX4 
Enable external interrupt 4. 


1 
EX3 
Enable external interrupt 3. 


0 
EX2 
Enable external interrupt 2. 


17.3.3 
INTERRUPTPRIORITYREGISTER(IPO) 


Bit values: 0 = low priority; 1 = high priority. 


Table 40 Interrupt Priority Register (SFR address B8H) 


====7====::===P=~=2===1 
P:1 
1 
P_:_O 
__ 
~ __ 
P_~_1 
P_~_1 
P_~_O 
P_~_O 
__ 


BIT 
SYMBOL 
DESCRIPTION 


7 
- 
Reserved. 


6 
PT2 
Timer 2 interrupt priority level. 


5 
PS1 
12C interrupt priority level. 


4 
PSO 
UART SID interrupt priority level. 


3 
PT1 
Timer 1 interrupt priority level. 


2 
PX1 
External interrupt 1 priority level. 


1 
PTO 
Timer 0 interrupt priority level. 


0 
PXO 
External interrupt 0 priority level. 


17.3.4 
INTERRUPTPRIORITYREGISTER(IP1) 


Bit values: 0 = low priority; 1 = high priority. 


BIT 
SYMBOL 
DESCRIPTION 


7 
PADC 
ADC interrupt priority level. 


6 
PX8 
External interrupt 8 priority level. 


5 
PX7 
External interrupt 7 priority level. 


4 
PX6 
External interrupt 6 priority level. 


3 
PX5 
External interrupt 5 priority level. 


2 
PX4 
External interrupt 4 priority level. 


1 
PX3 
External interrupt 3 priority level. 


0 
PX2 
External interrupt 2 priority level. 


17.3.5 
INTERRUPTPOLARITYREGISTER(IX1) 


Writing either a logic 1 or logic 0 to any Interrupt Polarity Register bit sets the polarity level of the corresponding 
external 
interrupt to an active HIGH or active LOW respectively. 


Table 44 Interrupt Polarity Register (SFR address E9H) 


I 
7 
1__ 
I_~8 
__ 
,--I 
__ 
I_~_7_---,-__ 
I~_6_-..L __ 
IL_35 
IL_24 
__ 
~_I_~_3_~ 
__ 
I~__ 


BIT 
SYMBOL 
DESCRIPTION 


7 
- 
reserved 


6 
IL8 
external interrupt 8 polarity level 


5 
IL7 
external interrupt 7 polarity level 


4 
IL6 
external interrupt 6 polarity level 


3 
IL5 
external interrupt 5 polarity level 


2 
IL4 
external interrupt 4 polarity level 


1 
IL3 
external interrupt 3 polarity level 


0 
1L2 
external interrupt 2 polarity level 


17.3.6 
INTERRUPTREQUESTFLAG REGISTER(IR01) 


Table 46 Interrupt Request Flag Register (SFR address COH) 


I 
7 
I 
1~8 
I 
1~7 
I 
1~6 
1__ 
1o_ 


3 


5 
1o_ 


2 


4 
.1.~_.3 
.... 
_~ __ 
10_02 
__ 


BIT 
SYMBOL 
DESCRIPTION 


7 
- 
reserved 


6 
108 
external interrupt 8 request flag 


5 
107 
external interrupt 7 request flag 


4 
106 
external interrupt 6 request flag 


3 
105 
external interrupt 5 request flag 


2 
104 
external interrupt 4 request flag 


1 
103 
external interrupt 3 request flag 


0 
102 
external interrupt 2 request flag 


18 
OSCILLATOR 
CIRCUITRY 


The on-chip oscillator circuitry of the P8xCL580 is a 
single-stage 
inverting amplifier biased by an internal 
feedback resistor. The oscillator circuit is shown in Fig.29. 
For operation 
as a standard 
quartz oscillator, 
no external 


components 
are needed, except for the 32 kHz option. 


When using external capacitors, 
ceramic resonators, coils 


and RC networks to drive the oscillator, five different 
configurations 
are supported 
(see Table 48 and Fig.28). 


In the Power-down 
mode the oscillator is stopped and 


XTAL 1 is pulled HIGH. The oscillator invertor is switched 
off to ensure no current will flow regardless 
of the voltage 


at XTAL 1, for configurations 
(a), (b), (c), (d), (e) and (g) of 


Fig.28. 


To drive the device with an external clock source, apply the 
external clock signal to XTAL 1, and leave XTAL2 to float, 
as shown in Fig.28(f). There are no requirements 
on the 


duty cycle of the external clock, since the input to the 
internal clocking circuitry is buffered by a flip-flop. 


Various oscillator options are provided for optimum 
on-chip oscillator performance; 
these are specified 
in 


Table 48 and shown in Fig.28. The required option should 
be stated when ordering. 


OPTION 
APPLICATION 


Oscillator 
1 
For 32 kHz clock applications 
with external trimmer for frequency 
adjustment. 
A 4.7 Mil bias resistor 


is needed for use in parallel with the crystal; see Fig.28(c). 


Oscillator 2 
Low-power, 
low-frequency 
operations 
using LC components; 
see Fig.28(e). 


Oscillator 
3 
Medium frequency 
range applications. 


Oscillator 4 
High frequency 
range applications. 


RC oscillator 
RC oscillator configuration; 
see Figs 28(g) and 30. 


QUARTZ 
OSCILLATOR 
WITH 
EXTERNAL 


CAPACITORS 


P80CL580 
P83CL580 


Clj J: 
J: C2j 


\\ 


"" 


~ 
r-- 


fosc 


(kHz) 


FREQUENCY 
OPTION 
C1 EXT. (pF) 
C2 EXT. (pF) 
RESONATOR 
MAX. 
RESONATOR 
(MHz) 
(see Table 48) 
SERIES RESISTANCE 
MIN. 
MAX. 
MIN. 
MAX. 


Quartz 
0.032 
Oscillator 
1 
0 
0 
5 
15 
15 k.Q(l) 


1.0 
0 
30 
0 
30 
6000 


3.58 
Oscillator 2 
0 
15 
0 
15 
1000 


4.0 
0 
20 
0 
20 
750 


6.0 
Oscillator 
3 
0 
10 
0 
10 
600 


10.0 
0 
15 
0 
15 
600 


12.0 
Oscillator 4 
0 
10 
0 
10 
400 


16.0 
0 
15 
0 
15 
200 
PXE 
0.455 
40 
50 
40 
50 
100 
1.0 
15 
50 
15 
50 
1000 


3.58 
Oscillator 2 
0 
40 
0 
40 
100 


4.0 
0 
40 
0 
40 
100 


6.0 
0 
20 
0 
20 
50 


10.0 
Oscillator 
3 
0 
15 
0 
15 
60 


12.0 
Oscillator 4 
10 
40 
10 
40 
60 


LC 
Oscillator 2 
20 
90 
20 
90 
1011H=10 


1OO11H=50 


1 mH =750 


Note 


1. 
32 kHz quartz crystals with a series resistance> 
15 k.Qwill reduce the guaranteed 
supply voltage range to 
2.5 to 3.5 V. 


Table 50 Oscillator 
equivalent 
circuit parameters. 


The equivalent 
circuit data of the internal oscillator compares with that of matched crystals. 


SYMBOL 
PARAMETER 
OPTION 
CONDITION 
MIN. 
TYP. 
MAX. 
UNIT 


9m 
transconductance 
Oscillator 
1; 32 kHz 
Tamb= +25 °G; 
- 
15 
- 
IlS 


Oscillator 2 
VDD = 4.5 V 
200 
600 
1000 
IlS 


Oscillator 
3 
400 
1500 
4000 
IlS 


Oscillator 4 
1000 
4000 
10000 
IlS 


G1i 
input capacitance 
Oscillator 
1; 32 kHz 
- 
3.0 
- 
pF 


Oscillator 2 
- 
8.0 
- 
pF 


Oscillator 3 
- 
8.0 
- 
pF 


Oscillator 4 
- 
8.0 
- 
pF 


G2j 
output capacitance 
Oscillator 
1; 32 kHz 
- 
23 
- 
pF 


Oscillator 2 
- 
8.0 
- 
pF 


Oscillator 
3 
- 
8.0 
- 
pF 


Oscillator 4 
- 
8.0 
- 
pF 


R2 
output resistance 
Oscillator 
1; 32 kHz 
- 
3800 
- 
kQ 


Oscillator 2 
- 
65 
- 
kO 


Oscillator 3 
- 
18 
- 
kO 


Oscillator 4 
- 
5.0 
- 
kO 


Product specification 


19 
RESET 


To initialize the P8xCL580 a reset is performed by either of 
three methods: 


• Applying an external signal to the RST pin 


• Via Power-on-reset 
circuitry 


• Watchdog 
Timer. 


A reset leaves the internal registers as shown in 
Chapter 20. The reset state of the port pins is 
mask-programmable 
and can be defined by the user. 


19.1 
External 
reset using 
the RST pin 


The reset input for the P8xCL580 is RST. A Schmitt trigger 
is used at the input for noise rejection. The output of the 
Schmitt trigger is sampled by the reset circuitry every 
machine cycle. A reset is accomplished 
by holding the 


RST pin HIGH for at least two machine cycles 
(24 oscillator periods) while the oscillator is running. The 
CPU responds by executing an internal reset. Port pins 
adopt their reset state immedi~tely 
after the RST goes 


HIGH. During reset, ALE and PSEN are held HIGH. 


The external reset is asynchronous 
to the internal clock. 
The RST pin is sampled during state 5, phase 2 of every 
machine cycle. After a HIGH is detected at the RST pin, an 
internal reset is repeated until RST goes LOW. The reset 
circuitry is also affected by the Watchdog 
timer; see 


Section 11.4. The internal RAM is not affected by reset. 
When Voo is turned on, the RAM contents are 
indeterminate. 


19.2 
Power-an-reset 


The device contains on-chip circuitry which switches the 
port pins to the customer defined logic level as soon as 
Voo exceeds 
1.3 V; if the mask option 'ON' has been 


chosen. As soon as the minimum supply voltage is 
reached, the oscillator will start up. However, to ensure 
that the oscillator is stable before the controller starts, the 
clock signals are gated away from the CPU for a further 
1536 oscillator periods. During that time the CPU is held in 
a reset state. A hysteresis 
of approXimately 
50 mV at a 
typical power-on switching 
level of 1.3 V will ensure 


correct operation 
(see Fig.34). 


The on-chip Power-on reset circuitry can also be switched 
off via the mask option 'OFF'. This option reduces the 
Power-down 
current to typically 800 nA and can be 


chosen if external reset circuitry is used. For applications 
not requiring the internal reset, option 'OFF' should be 
chosen. 


An automatic reset can be obtained by connecting the RST 
pin to Voo via a 10 llF capacitor. At power-on, the voltage 
on the RST pin is equal to Voo minus the capacitor voltage, 
and decreases from Voo as the capacitor charges through 
the internal resistor (RRST)to ground. The larger the 
capacitor, the more slowly VRSTdecreases. 
VRSTmust 


remain above the lower threshold 
of the Schmitt trigger 


long enough to effect a complete 
reset. The time required 
is the oscillator start-up time, plus 2 machine cycles. The 
Power-on-reset 
circuitry is shown in Fig.33. 


+ 


F 
P80CL580 
voo f--- 


P83CL580 
RST 


RRST 


C 


MGC7 


20 
SPECIAL 
FUNCTION 
REGISTERS_OVERVIEW 


The P8xCL580 
has 40 SFRs available to the user. 


ADDRESS 
NAME 
RESET VALUE 
FUNCTION 
(HEX) 
(B) 


FF 
T3(1) 
00000000 
Watchdog Timer 


FE 
PWMP(1) 
00000000 
Prescaler Frequency Control Register 


FC 
PWMO(1) 
00000000 
Pulse Width Register 0 


F8 
IP1(1) 
00000000 
Interrupt Priority Register (INT2 to INT8, ADC) 


FO 
B(2) 
00000000 
B Register 


E9 
IX1(1) 
00000000 
Interrupt Polarity Register 


E8 
IEN1(1)(2) 
00000000 
Interrupt Enable Register 1 


EO 
ACC(2) 
00000000 
Accumulator 


DB 
S1ADR(1) 
00000000 
12C-bus Slave Address Register 


DA 
S1DAT(1) 
00000000 
12C-bus Data Shift Register 


09 
S1STA(1) 
1111000 
12C-bus Serial Status Register 


08 
S1CON(1)(2) 
00000000 
12C-bus Serial Control Register 


DO 
PSW(2) 
00000000 
Program Status Word 


CD 
TH2(1) 
00000000 
Timer 2 High byte 


CC 
TL2(1) 
00000000 
Timer 2 Low byte 


CB 
RCAP2H(1) 
00000000 
Timer 2 Reload/Capture 
Register High byte 


CA 
RCAP2L(1) 
00000000 
Timer 2 Reload/Capture 
Register Low byte 


C8 
T2CON(1)(2) 
00000000 
Timer/Counter 
2 Control Register 


C5 
ADCH(1) 
11111111 
ADC Result Register 


C4 
ADCON(1) 
XOOOOOOO 
ADC Control Register 


C1 
p4(1} 
XXXXXXXX(3) 
Digital I/O Port Register 4 


CO 
IRQ1(1)(2) 
00000000 
Interrupt Request Flag Register 


ADDRESS 
NAME 
RESET VALUE 
FUNCTION 
(HEX) 
(8) 


B8 
IPO(2) 
XOOOOOOO 
Interrupt Priority Register 0 


BO 
p3(2) 
XXXXXXXX(3) 
Digital I/O Port Register 3 


A8 
IENO(2) 
00000000 
Interrupt Enable Register 


AO 
p2(2) 
XXXXXXXX(3) 
Digital I/O Port Register 2 


99 
SOBUF 
XXXXXXXX 
Serial Data Buffer Register 0 


98 
SOCON(2) 
00000000 
Serial Port Control Register 0 


90 
p1(2) 
XXXXXXXX(3) 
Digital I/O Port Register 1 


80 
TH1 
00000000 
Timer 1 High byte 


8C 
THO 
00000000 
Timer 0 High byte 


8B 
TL1 
00000000 
Timer 1 Low byte 


8A 
TLO 
00000000 
Timer 0 Low byte 


89 
TMOD 
00000000 
Timer 0 and 1 Mode Control Register 


88 
TCON(2) 
00000000 
Timer 0 and 1 Control/External 
Interrupt Control Register 


87 
PCON 
OOXXOOOO 
Power Control Register 


83 
DPH 
00000000 
Data Pointer High byte 


82 
DPL 
00000000 
Data Pointer Low byte 


81 
SP 
00000111 
Stack Pointer 


80 
PO(2) 
XXXXXXXX(3) 
Digital I/O Port Register 0 


Notes 


1. 
P8xCL580 specific SFRs. 


2. 
Bit addressable 
register. 


3. 
Port reset state determined 
by the customer. 


21 
INSTRUCTION 
SET 


The P8xCL580 
uses a powerful instruction 
set which permits the expansion 
of on-chip CPU peripherals 
and optimizes 
byte efficiency and execution speed. Assigned opcodes add new high-power 
operation and permit new addressing 
modes. The instruction set consists of 49 single-byte, 
46 two-byte and 16 three-byte 
instructions. 
When using a 12 MHz 
oscillator, 64 instructions 
execute in 1 ~ 
and 45 instructions 
execute in 2~. 
Multiply and divide instructions 
execute in 
4~. 


For the description 
of the Data Addressing 
modes 
and Hexadecimal 
opcode 
cross-reference 
see Table 55. 


MNEMONIC 
DESCRIPTION 
BYTES 
CYCLES 
OPCODE 
(HEX) 


Arithmetic 
operations 


ADD 
A,Rr 
Add register to A 
1 
1 
2' 


ADD 
A,direct 
Add direct byte to A 
2 
1 
25 


ADD 
A,@Ri 
Add indirect RAM to A 
1 
1 
26,27 


ADD 
A,#data 
Add immediate 
data to A 
2 
1 
24 


ADDC 
A,Rr 
Add register to A with carry flag 
1 
1 
3' 


AD DC 
A,direct 
Add direct byte to A with carry flag 
2 
1 
35 


ADDC 
A,@Ri 
Add indirect RAM to A with carlY flag 
1 
1 
36,37 


ADDC 
A,#data 
Add immediate 
data to A with carry flag 
2 
1 
34 


SUBB 
A,Rr 
Subtract register from A with borrow 
1 
1 
9' 


SUBB 
A,direct 
Subtract direct byte from A with borrow 
2 
1 
95 


SUBB 
A,@Ri 
Subtract indirect RAM from A with borrow 
1 
1 
96,97 


SUBB 
A,#data 
Subtract immediate 
data from A with borrow 
2 
1 
94 


INC 
A 
IncrementA 
1 
1 
04 


INC 
Rr 
Increment register 
1 
1 
0' 


INC 
direct 
Increment direct byte 
2 
1 
05 


INC 
@Ri 
Increment indirect RAM 
1 
1 
06,07 


DEC 
A 
Decrement 
A 
1 
1 
14 


DEC 
Rr 
Decrement 
register 
1 
1 
l' 


DEC 
direct 
Decrement 
direct byte 
2 
1 
15 


DEC 
@Ri 
Decrement 
indirect RAM 
1 
1 
16, 17 


INC 
DPTR 
Increment data pointer 
1 
2 
A3 


MUL 
AB 
Multiply A and B 
1 
4 
A4 


DIV 
AB 
Divide A by B 
1 
4 
84 


DA 
A 
Decimal adjust A 
1 
1 
D4 


MNEMONIC 
DESCRIPTION 
BYTES 
CYCLES 
OPCODE 


(HEX) 


Logic 
operations 


ANL 
A,Rr 
AND register to A 
1 
1 
5' 


ANL 
A,direct 
AND direct byte to A 
2 
1 
55 


ANL 
A,@Ri 
AND indirect RAM to A 
1 
1 
56,57 


ANL 
A,#data 
AND immediate 
data to A 
2 
1 
54 


ANL 
direct,A 
AND A to direct byte 
2 
1 
52 


ANL 
direct,#data 
AND immediate 
data to direct byte 
3 
2 
53 


ORL 
A,Rr 
OR register to A 
1 
1 
4' 


ORL 
A,direct 
OR direct byte to A 
2 
1 
45 


ORL 
A,@Ri 
OR indirect RAM to A 
1 
1 
46,47 


ORL 
A,#data 
OR immediate 
data to A 
2 
1 
44 


ORL 
direct,A 
OR A to direct byte 
2 
1 
42 


ORL 
direct,#data 
OR immediate 
data to direct byte 
3 
2 
43 


XRL 
A,Rr 
Exclusive-OR 
register to A 
1 
1 
6' 


XRL 
A,direct 
Exclusive-OR 
direct byte to A 
2 
1 
65 


XRL 
A,@Ri 
Exclusive-OR 
indirect RAM to A 
1 
1 
66,67 


XRL 
A,#data 
Exclusive-OR 
immediate 
data to A 
2 
1 
64 


XRL 
direct,A 
Exclusive-OR 
A to direct byte 
2 
1 
62 


XRL 
direct,#data 
Exclusive-OR 
immediate 
data to direct byte 
3 
2 
63 


CLR 
A 
Clear A 
1 
1 
E4 


CPL 
A 
Complement 
A 
1 
1 
F4 


RL 
A 
Rotate A left 
1 
1 
23 


RLC 
A 
Rotate A left through the carry flag 
1 
1 
33 


RR 
A 
Rotate A right 
1 
1 
03 


RRC 
A 
Rotate A right through the carry flag 
1 
1 
13 


SWAP 
A 
Swap nibbles within A 
1 
1 
C4 


MNEMONIC 
DESCRIPTION 
BYTES 
CYCLES 
OPCODE 
(HEX) 


Data transfer 


MOV 
A,Rr 
Move register to A 
1 
1 
E' 


MOV 
A,direct (note 1) 
Move direct byte to A 
2 
1 
E5 


MOV 
A,@Ri 
Move indirect RAM to A 
1 
1 
E6,E7 


MOV 
A,#data 
Move immediate 
data to A 
2 
1 
74 


MOV 
Rr,A 
Move A to register 
1 
1 
F' 


MOV 
Rr,direct 
Move direct byte to register 
2 
2 
A' 


MOV 
Rr,#data 
Move immediate 
data to register 
2 
1 
7* 


MOV 
direct,A 
Move A to direct byte 
2 
1 
F5 


MOV 
direct,Rr 
Move register to direct byte 
2 
2 
8' 


MOV 
direct, direct 
Move direct byte to direct 
3 
2 
85 


MOV 
direct,@Ri 
Move indirect RAM to direct byte 
2 
2 
86,87 


MOV 
direct,#data 
Move immediate 
data to direct byte 
3 
2 
75 


MOV 
@Ri,A 
Move A to indirect RAM 
1 
1 
F6, F7 


MOV 
@Ri,direct 
Move direct byte to indirect RAM 
2 
2 
A6,A7 


MOV 
@Ri,#data 
Move immediate 
data to indirect RAM 
2 
1 
76, 77 


MOV 
DPTR,#data 
16 
Load data pointer with a 16-bit constant 
3 
2 
90 


MOVC 
A,@A+DPTR 
Move code byte relative to DPTR to A 
1 
2 
93 


MOVC 
A,@A+PC 
Move code byte relative to PC to A 
1 
2 
83 


MOVX 
A,@Ri 
Move external RAM (8-bit address) to A 
1 
2 
E2, E3 


MOVX 
A,@DPTR 
Move external RAM (16-bit address) to A 
1 
2 
EO 


MOVX 
@Ri,A 
Move A to external RAM (8-bit address) 
1 
2 
F2, F3 


MOVX 
@DPTR,A 
Move A to external RAM (16-bit address) 
1 
2 
FO 


PUSH 
direct 
Push direct byte onto stack 
2 
2 
CO 


POP 
direct 
Pop direct byte from stack 
2 
2 
DO 


XCH 
A,Rr 
Exchange 
register with A 
1 
1 
C' 


XCH 
A,direct 
Exchange direct byte with A 
2 
1 
C5 


XCH 
A,@Ri 
Exchange indirect RAM with A 
1 
1 
C6,C7 


XCHD 
A,@Ri 
Exchange LOW-order 
digit indirect RAM with A 
1 
1 
D6,D7 


Note 


1. 
MOV A,ACC is not permitted. 


MNEMONIC 
DESCRIPTION 
BYTES 
CYCLES 
OPCODE 


(HEX) 


Boolean 
variable 
manipulation 


CLR 
C 
Clear carry flag 
1 
1 
C3 


CLR 
bit 
Clear direct bit 
2 
1 
C2 


SETB 
C 
Set carry flag 
1 
1 
D3 


SETB 
bit 
Set direct bit 
2 
1 
D2 


CPL 
C 
Complement 
carry flag 
1 
1 
B3 


CPL 
bit 
Complement 
direct bit 
2 
1 
B2 


ANL 
C,bit 
AND direct bit to carry flag 
2 
2 
82 


ANL 
C,/bit 
AND complement 
of direct bit to carry flag 
2 
2 
BO 


ORL 
C,bit 
OR direct bit to carry flag 
2 
2 
72 


ORL 
C,/bit 
OR complement 
of direct bit to carry flag 
2 
2 
AO 


MOV 
C,bit 
Move direct bit to carry flag 
2 
1 
A2 


MOV 
bit,C 
Move carry flag to direct bit 
2 
2 
92 


Program 
and machine 
control 


ACALL 
addr11 
Absolute subroutine 
call 
2 
2 
-1 


LCALL 
addr16 
Long subroutine 
call 
3 
2 
12 


RET 
Return from subroutine 
1 
2 
22 


RETI 
Return from interrupt 
1 
2 
32 


AJMP 
addr11 
Absolute jump 
2 
2 
.1 


LJMP 
addr16 
Long jump 
3 
2 
02 


SJMP 
rei 
Short jump (relative address) 
2 
2 
80 


JMP 
@A+DPTR 
Jump indirect relative to the DPTR 
1 
2 
73 


JZ 
rei 
Jump if A is zero 
2 
2 
60 


JNZ 
rei 
Jump if A is not zero 
2 
2 
70 


JC 
rei 
Jump if carry flag is set 
2 
2 
40 


JNC 
rei 
Jump if carry flag is not set 
2 
2 
50 


JB 
bit,rel 
Jump if direct bit is set 
3 
2 
20 


JNB 
bit,rel 
Jump if direct bit is not set 
3 
2 
30 


JBC 
bit,rel 
Jump if direct bit is set and clear bit 
3 
2 
10 


CJNE 
A,direct,rel 
Compare direct to A and jump if not equal 
3 
2 
B5 


CJNE 
A,#data,rel 
Compare immediate 
to A and jump if not equal 
3 
2 
B4 


CJNE 
Rr,#data,rel 
Compare immediate 
to register and jump if not equal 
3 
2 
B* 


CJNE 
@Ri,#data,rel 
Compare immediate 
to indirect and jump if not equal 
3 
2 
B6,B7 


DJNZ 
Rr,rel 
Decrement 
register and jump if not zero 
2 
2 
D* 


DJNZ 
direct, rei 
Decrement 
direct and jump if not zero 
3 
2 
D5 


NOP 
No operation 
1 
1 
00 


MNEMONIC 
DESCRIPTION 


Data addressing 
modes 


Rr 
Working register RO-R7. 


direct 
128 internal RAM locations and any special function register (SFR). 


@Ri 
Indirect internal RAM location addressed 
by register RO or R1 of the actual register bank. 


#data 
8-bit constant included in instruction. 


#data 16 
16-bit constant included as bytes 2 and 3 of instruction. 


bit 
Direct addressed 
bit in internal RAM or SFR. 


addr16 
16-bit destination 
address. Used by LCALL and LJMP. 


The branch will be anywhere within the 64 kbytes Program Memory address space. 


addr11 
111-bit destination 
address. Used by ACALL and AJMP. The branch will be within the same 2 kbytes 
page of Program Memory as the first byte of the following 
instruction. 


rei 
Signed (two's complement) 
8-bit offset byte. Used by SJMP and all conditional 
jumps. 


Range is -128 to +127 bytes relative to first byte of the following 
instruction. 


Hexadecimal 
opcode cross-reference 


· 
8, 9, A, S, C, D, E, F. 
· 
1, 3, 5, 7, 9, S, D, F. 


• 
0, 2, 4, 6, 8, A, C, E. 


~ 
0 
1 
2 
3 
4 
5 
6 
I 
7 
8191AISICIDIEIF 


0 
NOP 
AJMP 
LJMP 
RR 
INC 
INC 
INC@Ri 
INC Rr 
addr11 
addr16 
A 
A 
direct 
0 
1 
1 
011121314151617 


1 
JSC 
ACALL 
LCALL 
RRC 
DEC 
DEC 
DEC @Ri 
DEC Rr 
bit,rel 
addr11 
addr16 
A 
A 
direct 
0 
I 
1 
011121314151617 


2 
JS 
AJMP 
RET 
RL 
ADD 
ADD 
ADDA,@Ri 
ADD A,Rr 


bit,rel 
addr11 
A 
A,#data 
A,direct 
0 
1 
1 
011121314151617 


3 
JNS 
ACALL 
RETI 
RLC 
ADDC 
ADDC 
ADDCA,@Ri 
ADDCA,Rr 


bit,rel 
addr11 
A 
A,#data 
A,direct 
o 
1 
1 
011121314151617 


4 
JC 
AJMP 
ORL 
ORL 
ORL 
ORL 
ORLA,@Ri 
ORLA,Rr 


rei 
addr11 
direct,A 
direct,#data 
A,#data 
A,direct 
0 
1 
1 
011121314151617 


5 
JNC 
ACALL 
ANL 
ANL 
ANL 
ANL 
ANLA,@Ri 
ANLA,Rr 


rei 
addr11 
direct,A 
direct,#data 
A,#data 
A,direct 
0 
1 
1 
011121314151617 


6 
JZ 
AJMP 
XRL 
XRL 
XRL 
XRL 
XRLA,@Ri 
XRLA,Rr 


rei 
addr11 
direct,A 
direct,#data 
A,#data 
A,direct 
0 
1 
1 
011121314151617 


7 
JNZ 
ACALL 
ORL 
JMP 
MOV 
MOV 
MOV @Ri,#data 
MOV Rr,#data 


rei 
addr11 
C,bit 
@A+DPTR 
A,#data 
direct,#data 
0 
1 
1 
011121314151617 


8 
SJMP 
AJMP 
ANL 
MOVC 
DIV 
MOV 
MOV direct,@Ri 
MOV direct,Rr 
rei 
addr11 
C,bit 
A,@A+PC 
AS 
direct, direct 
0 
1 
1 
011121314151617 


9 
MOV 
ACALL 
MOV 
MOVC 
SUSS 
SUSS 
SUSSA,@Ri 
SUSA,Rr 
DTPR,#data 16 
addr11 
bit,C 
A,@A+DPTR 
A,#data 
A,direct 
0 
I 
1 
011121314151617 


A 
ORL 
AJMP 
MOV 
INC 
MUL 
MOV @Ri,direct 
MOV Rr,direct 


C,/bit 
addr11 
bit,C 
DPTR 
AS 
0 
1 
1 
011121314151617 


S 
ANL 
ACALL 
CPL 
CPL 
CJNE 
CJNE 
CJNE @Ri,#data,rel 
CJNE Rr,#data,rel 
C,/bit 
addr11 
bit 
C 
A,#data,rel 
A,direct,rel 
o 
1 
1 
011121314151617 


C 
PUSH 
AJMP 
CLR 
CLR 
SWAP 
XCH 
XCH A,@Ri 
XCH A,Rr 


direct 
addr11 
bit 
C 
A 
A,direct 
0 
1 
1 
011121314151617 


D 
POP 
ACALL 
SETS 
SETS 
DA 
DJNZ 
XCHDA,@Ri 
DJNZ Rr,rel 
direct 
addr11 
bit 
C 
A 
direct, rei 
0 
I 
1 
011121314151617 


E 
MOVX 
AJMP 
MOVXA,@Ri 
CLR 
MOV 
MOVA,@Ri 
MOVA,Rr 
A,@DTPR 
addr11 
0 
1 
1 
A 
A,direct 
(1) 
0 
I 
1 
011121314151617 


F 
MOVX 
ACALL 
MOVX@Ri,A 
CPL 
MOV 
MOV@Ri,A 
MOV Rr,A 
@DTPR,A 
addr11 
0 
1 
1 
A 
direct,A 
0 
1 
1 
011121314151617 


Note 


1. 
MOV A, ACC is not a valid instruction. 
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22 
LIMITING 
VALUES 


In accordance 
with the Absolute 
Maximum 
Rating System (IEC 134). 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


VDD 
supply voltage 
-0.5 
+6.5 
V 


VI 
input voltage on any pin with respect to ground (Vss) 
-0.5 
VDD+ 0.5 
V 


I" 10 
DC current on any input or output 
- 
5.0 
mA 


Ptot 
total power dissipation 
- 
300 
mW 


Tstg 
storage temperature 


, 
-65 
+150 
°c 


Tamb 
operating 
ambient temperature 
... 
-40 
+85 
°c 


Ti 
operating junction temperature 
- 
+125 
°c 


23 
DC CHARACTERISTICS 


VDD= 1.8 to 6 V; Vss = 0 V; Tamb= -25 to +55 °C; see notes 1 and 
2; all voltages are with respect to Vss unless 


otherwise specified. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 


VDD 
supply voltage 


operating 
2.5 
- 
6.0 
V 


RAM retention voltage in 
1.0 
- 
6.0 
V 
Power-down 
mode 


IDD 
supply current operating 
VDD= 5 V; fCLK= 12 MHz; note 3 
- 
- 
27.0 
mA 


VDD= 3 V; fCLK= 3.58 MHz; note 3 - 
- 
5.0 
llA 


IDD(ID) 
supply current Idle mode 
VDD= 5 V; fCLK= 12 MHz; note 4 
- 
- 
10.0 
mA 


VDD= 3 V; fCLK= 3.58 MHz; note 4 - 
- 
3.0 
mA 


IDD(PD) 
Power-down 
current 
VDD= 1.8 V; Tamb= 25°C; note 5 
- 
- 
10 
llA 


Inputs 
(note 6) 
I 


VIL 
lOW 
level input voltage 
Vss 
- 
0.3VDD 
V 


V1H 
HIGH level input voltage 
0.7VDD - 
VDD 
V 


III 
input leakage current (Port 0; EA) 
Vss < VI < VDD 
- 
- 
±10 
llA 


Outputs 


10L 
lOW 
level output current 
VDD= 5 V; VOL = 0.4 V 
1.6 
- 
- 
mA 
(except SDA; SCl) 
VDD= 2.5 V; VOL = 0.4 V 
0.7 
- 
- 
mA 


lOW 
level output current SDA; SCl 
VDD= 5 V; VOL = 0.4 V 
3.0 
- 
- 
mA 


lOW 
level output current PWMO 
VDD= 5 V; VOL = 0.4 V 
3.0 
- 
- 
mA 


VDD= 2.5 V; VOL = 0.4 V 
1.6 
- 
- 
mA 


10H 
HIGH level output current PWMO 
VDD= 5 V; VOH= VDD - 0.4 V 
-3.2 
- 
- 
mA 


VDD= 2.5 V; VOH= VDD- 0.4 V 
-1.6 
- 
- 
mA 


10H 
HIGH level output current 
VDD= 5 V; VOH= VDD- 0.4 V 
-1.6 
- 
- 
mA 
(push-pull options only) 
VDD= 2.5 V; VOH= VDD- 0.4 V 
-0.7 
- 
- 
mA 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


IlL 
input current logic 0 
Voo = 5 V; VIN = 0.4 V 
- 
- 
-100 
J.!A 


Voo = 2.5 V; VIN = 0.4 V 
- 
- 
-50 
J.!A 


IITL 
input current logic 0; HIGH-to-LOW 
Voo = 5 V; VIN = 0.5Voo 
- 
- 
-1.0 
mA 
transition 
Voo = 2.5 V; V1N= 0.5Voo 
- 
- 
-500 
J.!A 


RRST 
RST pUll-down resistor 
10 
- 
200 
ill 


Analog 
inputs 
(note 7) 


VIN(A) 
analog input voltage 
VssA 
- 
Voo 
mA 


Vref(p)(A) 
reference voltage 
2.7 
- 
Voo 
mA 


Rref 
resistance 
between 
25 
- 
100 
kQ 


Vref(p)(A)and VSSA 


CAIN 
analog on-chip input capacitance 
- 
3 
- 
pF 


Ae 
absolute error (note 8) 
- 
- 
±1 
LSB 


OSe 
zero-offset 
error (note 9) 
- 
- 
±1 
LSB 


OLe 
differential 
non-linearity 
(note 10) 
- 
- 
±1 
LSB 


Mete 
channel-to-channel 
matching 
- 
- 
±% 
LSB 


(note 11) 


Notes to the DC characteristics 


1. 
Capacitive 
loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed 
on the LOW level output 


voltage of ALE, Port 1 and Port 3 pins when these make a HIGH-to-LOW 
transition during bus operations. 
The noise 
is due to external bus capacitance 
discharging 
into the Port 0 and Port 2 pins when these pins make HIGH-to-LOW 


transitions 
during bus operations. 
In the most adverse conditions 
(capacitive 
loading> 
100 pF), the noise pulse on 


the ALE line may exceed 0.8 V. In such events it may be required to qualify ALE with a Schmitt trigger, or use an 
address latch with a Schmitt trigger strobe input. 


2. 
Capacitive 
loading on Ports 0 and 2 may cause the HIGH level output voltage on ALE and PSEN to momentarily 
fall 
below the 0.9Voo specification 
when the address bits are stabilizing. 


3. 
The operating 
supply current is measured with all output pins disconnected; 
XTAL 1 driven with tr = tf = 10 ns; 
VIL = Vss; VIH = Voo; XTAL2 not connected; 
EA = RST = Port 0 = Voo. 


4. 
The Idle mode supply current is measured with all output pins disconnected; 
XTAL1 driven with tr = tf = 10 ns; 


VIL = Vss; V1H= Voo; XTAL2 not connected; 
EA = Port 0 = Voo. 


5. 
The power-down 
current is measured with all output pins disconnected; 
XTAL 1 not connected; 
EA = Port 0 = Voo; 


RST= 
Vss. 


6. 
The input threshold voltage of P1.6/SCL and P1.7/SDA meet the 12C-bus specification. 
Therefore, 
an input voltage 
below 0.3Voo will be recognized 
as a logic 0 and an input voltage above 0.7Voo will be recognized 
as a logic 1. 


7. 
Voo = 2.7 to 6 V; Vss = 0 V; VssA = 0 V; Vref(p)(A)= Voo; Tamb= -40 to +85 cC, unless otherwise 
specified. 


fxtal(min)= 250 kHz. 


8. 
Absolute error: the maximum difference 
between actual and ideal code transitions. 
Absolute 
error accounts for all 


deviations 
of an actual converter from an ideal converter. 


9. 
Zero-offset 
error: the difference 
between the actual and ideal input voltage corresponding 
to the first actual code 
transition. 


10. Differential 
non-linearity: 
the difference 
between the actual and ideal code widths. 


11. Channel-to-channel 
matching: the difference between corresponding 
code transitions 
of actual characteristics 
taken 


from different channels under the same temperature, 
voltage and frequency 
conditions. 
Not tested, but verified on 
sampling basis. 
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(1) 
Example 
of an actual transfer 
curve. 


(2) 
The ideal transfer 
curve. 


(3) 
Differential 
non-linearity 
(DL.). 


(4) 
Absolute error. 


24 
AC CHARACTERISTICS 


VDD= 5 V; Vss = 0 V; Tamb = -40 to +85 °C; CL = 50 pF for Port 0, ALE and PSEN; CL = 40 pF for all other outputs 


unless specified; tCLK= 1/ fCLK. 


fose = 12 MHz 
fose = VARIABLE 
SYMBOL 
PARAMETER 
UNIT 


MIN. 
MAX. 
MIN. 
MAX. 


Program 
Memory 
(Fig.36) 


tLHLL 
ALE pulse width 
127 
- 
2teLK - 40 
- 
ns 


tAVLL 
address valid to ALE LOW 
43 
- 
tCLK- 40 
- 
ns 


tLLAX 
address hold after ALE LOW 
48 
- 
tCLK- 35 
- 
ns 


tLLlv 
ALE LOW to valid instruction in 
- 
233 
- 
4tCLK-100 
ns 


tLLPL 
ALE LOW to PSEN LOW 
58 
- 
tCLK- 25 
- 
ns 


tPLPH 
PSEN pulse width 
215 
- 
3teLK - 35 
- 
ns 


tPLIv 
PSEN LOW to valid instruction 
in 
- 
125 
- 
3tCLK- 125 
ns 


tPXIX 
input instruction 
hold after PSEN 
0 
- 
0 
- 
ns 


tPXIZ 
input instruction float after PSEN 
- 
63 
- 
tCLK- 20 
ns 


tpXAV 
PSEN to address valid 
75 
- 
tCLK- 8 
- 
ns 


tAVIV 
address to valid instruction 
in 
- 
302 
- 
5tCLK- 115 
ns 


tpLAZ 
PSEN LOW to address float 
12 
- 
0 
- 
ns 


External 
Data Memory 
(Figs 37 and 38) 


tRLRH 
RD pulse width 
400 
- 
6teLK -100 
- 
ns 


tWLWH 
WR pulse width 
400 
- 
6teLK -100 
- 
ns 


tLLAX 
address hold after ALE LOW 
48 
- 
teLK - 35 
- 
ns 


tRLDV 
RD LOW to valid data in 
- 
150 
- 
5tCLK-165 
ns 


tRHDZ 
data float after RD 
- 
97 
- 
2tCLK-70 
ns 


tLLDV 
ALE LOW to valid data in 
- 
517 
8tCLK- 150 
ns 


tAVDV 
address to valid data in 
- 
585 
- 
9teLK - 165 
ns 


tLLWL 
ALE LOW to RD or WR LOW 
200 
300 
3teLK - 50 
3tCLK+ 50 
ns 


tAvwL 
address valid to RD or WR LOW 
203 
- 
4 
- 
ns 


tWHLH 
RD or WR HIGH to ALE HIGH 
43 
123 
tCLK- 40 
tCLK+ 40 
ns 


tavwx 
data valid to WR transition 
23 
- 
teLK - 60 
- 
ns 


taVWH 
data valid time WR HIGH 
433 
- 
7teLK - 150 
- 
ns 


tWHQX 
data hold after WR 
33 
- 
tCLK- 50 
- 
ns 


tRLAZ 
RD LOW to address float 
- 
12 
- 
12 
ns 
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Fig.43 
Typical operating 
current vs frequency 
and 


Voo, Tamb= 25°C, 
oscillator option OSC3. 
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Fig.44 
Typical Idle current vs frequency 
and Voo, 
Tamb= 25°C, 
oscillator option OSC3. 


Fig.45 
Typical Power-down 
current vs Voo, 


Tamb= 25°C. 


FEATURES 


• 80C51 central processing 
unit (CPU) 


• 16 kbytes on-chip ROM, 


externally expandible to 64 kbytes 


• 2 x 256 bytes on-chip RAM, 
externally expandible to 64 kbytes 


• Two standard 
16-bit timers/counters 


• One additional 
16-bit timer/counter 
coupled to four 


capture and three compare registers 


• 1O-bit ADC with 8 multiplexed 
analog inputs 


• Two 8-bit resolution Pulse Width Modulated 
outputs 


• 15 interrupt sources with 2 priority levels 


(2 to 6 external interrupt sources possible) 


• Five 8-bit I/O ports, plus one 8-bit input port shared 


with analog inputs 


• CAN-controller 
(CAN = Controller Area Network) 


with DMA data transfer facility to Internal RAM 


• 1 MbiVs CAN-controiler 
with bus failure 


management 
facility 


• %AVDD reference voltage 


• Full-duplex 
UART compatible with the standard 80C51 


• On-chip Watchdog Timer (WDT) 


• 1.2 to 16 MHz clock frequency. 


2 
GENERAL 
DESCRIPTION 


The P8XC592 is a single-chip 
8-bit high-performance 


microcontroiler 
with on-chip CAN-controller, 
derived from 
the 8OC51 microcontroller 
family. 


TYPE 
NUMBER 


PACKAGE 


DESCRIPTION 


Without ROM 


P80C592FFA 


P80C592FHA 


With ROM 


P83C592FFA 


P83C592FHA 


It uses the powerful 80C51 instruction set. 
Figure 1 shows a block diagram of the P8xC592. 


The P8xC592 Is manufactured 
in an advanced 
CMOS 


process, and is designed for use in automotive 
and 


general industrial applications. 
In addition to the 8OC51 


standard features, the device provides a number of 
dedicated hardware functions for these applications. 


Two versions of the P8xC592 will be offered: 


• P80C592 (without ROM) 


• P83C592 (with ROM). 


Hereafter these versions will be referred to as P8xC592. 


The temperature 
range includes (max. fCLK = 16 MHz): 


• 
--40 to +85 ·C version, for general applications 


• 
--40 to +125 ·C version for automotive 
applications. 


The P8xC592 combines the functions 
of the P8xC552 


(microcontroller) 
and the PCA82C200 
(Philips 


CAN-controller) 
with the fDllowing enhanced features: 


16 kbytes Program Memory 


• 2 x 256 bytes Data Memory 


• DMA between CAN Transmit/Receive 
Buffer and 


internal RAM. 


The main differences 
between P8xC592 and P8xC552 


are: 


• 16 kbytes programmable 
ROM (P8xC552 has 8 kbytes) 


• Additional 
256 bytes RAM 


• A CAN-controller 
instead of the 12C-serial interface. 
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of Port 3. 


(5) 
Anernative 
function 
of Port 4. 


(6) 
Anernative 
function 
of Port 5. 


(7) 
Not present 
in P80C592. 
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alternative 
function 


_0 
_ADO 
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_AD1 


_2 
_AD2 
LOWORDER 


3 
PORTO 
_AD3 
ADDRESS 


PSEN 
_4 
_AD4 
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ALE 
_S 
_ADS 
DATA BUS 


PWMO 
_6 
_AD6 


PWM1 
_7 
_AD7 


CRXO 
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CTXO 


alternative 
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ADC2-- 
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ADC3-- 
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A11 
HIGHORDER 


PORTS 
PORT2 
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ADC4- 
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__ 
A12 


BUS 


ADCS-- 
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__ 
A13 


ADC6- 


_6 
_A14 


ADC7-- 
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A1S 


CMSRO+- 
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TXD/CLOCK 


CMSR2 +- 
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+-INTO 
CMSR3 +- 
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+-INT1 
PORT4 
PORT3 
CMSR4 +- 
_4 
+-TO 


CMSR5 +- 
_S 
+-T1 


CMTO+- 
_6 
_WR 


CMT1+- 
_7 
_RD 


+-CVSS 


+-VSS 


+-VDD 
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P4.4/CMSR4 
AVref+ 


P4.5/CMSR5 
AVref_ 


P4.6/CMTO 
CRXO 


P4.7/CMT1 
CRXl 


RST 
REF 


P1.0/CTOI/INT2 
PO.O/ADOO 


Pl.l/CT1I/1NT3 
PO.l/ADOl 


Pl.2/CT2VINT4 
PO.2/AD02 


Pl.3/CT3I/1NT5 
PO.3/AD03 


Pl.4/T2 
PO.4/AD04 


Pl.5/RT2 
PO.5/AD05 


C"SS 
PO.6/AD06 


Pl.6/CTXO 
PO.7/AD07 
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P3.01RXD 
ALE 


P3.1ITXD 
PSEN 
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SYMBOL 
PIN 
DESCRIPTION 


VDD 
2 
Power supply, 
digital part (+5 V). For normal operation and power reduced modes. 


STADC 
3 
Start ADC operation. 
Input starting analog-to-digital 
conversion 
(note 2). This pin must not float. 


PWMO 
4 
Pulse width 
modulation 
output 
o. 


PMW1 
5 
Pulse width 
modulation 
output 
1. 


EW 
6 
Enable Watchdog 
Timer 
(WDT): enable for T3 Watchdog Timer and disable Power-down 
mode. 


This pin must not float. 


RST 
15 
Reset: input to reset the P8xC592 (note 3). 


CVss 
22 
CAN ground 
potential 
for the CAN transmitter 
outputs. 


XTAl2 
33 
Crystal 
pin 2: output of the inverting amplifier that forms the oscillator. 
When an external clock oscillator is used this pin is left open-circuit. 


XTAL1 
34 
Crystal 
pin 1: input to the inverting amplifier that forms the oscillator, and input to the internal clock 


generator. Receives the external clock oscillator signal, when an external oscillator is used. 


Vss 
35 
Ground, 
digital part. 


PSEN 
44 
Program 
Store Enable: 
Read strobe to external Program Memory (active LOW). 


Drive: 8 x LSTTL inputs. 


ALE 
45 
Address 
Latch 
Enable: 
latches the LOW-byte of the address during accesses to external memory 
(note 4). Drive: 8 x LSTTL inputs; handles CMOS inputs without an external pull-up. 


EA 
46 
Ex1ernal Access 
input. 
See note 5. 


REF 
55 
%AVoo reference 
voltage 
output respectively 
input (note 6). 


CRX1 
56 
Inputs 
from the CAN-bus 
line to the differential 
input comparator 
of the on-chip CAN-controller 


CRXO 
57 
(note 7). 


AVREF- 
58 
Low-end 
of ADC (analog-to-digitaQ 
conversion 
reference resistor. 


AVREF+ 
59 
High-end 
of ADC (analog-to-digital) 
conversion 
reference resistor (note 8). 


AVss 
60 
Ground, 
analog part. For ADC, CAN receiver and reference voltage. 


AVDD 
61 
Power supply, 
analog part (+5 V). For ADC, CAN receiver and reference voltage. 


Notes 


1. 
To avoid a 'latch up' effect at power-on: Vss - 0.5 V < 'voltage on any pin at any time' < VDD + 0.5 V. 


2. 
Triggered 
by a rising edge. ADC operation can also be started by software. 


3. 
RST also provides a reset pulse as output when timer T3 overflows or after a CAN wake-up from Power-down. 


4. 
ALE is activated every six oscillator periods. During an external data memory access one ALE pulse is skipped. 


5. 
See Section 7.1, Table 3 for EA operation. 
For P83Cxxx microcontrollers 
specified with the option 'ROM-code 
protection', the EA pin is latched during reset and is 'don't care' after reset, regardless 
of whether the ROM-code 
protection 
is selected or not. 


6. 
Pin 55, REF: 


a) Selection of input resp. output dependent of CAN Control Register bit 5 (CR.5; see Section 13.5.3 Table 32). 


b) If the internal reference is used, then REF should be connected to AVss via a capacitor with a value of «10 nF. 


c) 
After an external reset (RST = HIGH) the internal %AVoo source is activated and, REF is a reference output. 


d) 
If the CAN-controller 
is in the reset state, e.g. after an external reset, then the %AVoo source is switched off 


during Power-down 
mode. 


7. 
CAN-bus line: 


a) CRXO level> 
CRX1 levei is interpreted 
as a logic 1 (recessive). 


b) CRXO level < CRX1 level is interpreted 
as a logic 0 (dominant). 


8. 
The level of AVREF+must be higher than that of AVREF-· 


SYMBOL 
PIN 
DESCRIPTION 


DEFAULT 
ALTERNATIVE 


Port 4 
, 


P4.0to 
P4.7 
7to 
14 
8-bit quasi-bidirectional 
I/O port. 


CMSRO 
7 
Compare 
and Set/Reset 
outputs 
for Timer T2. 


CMSR1 
8 


CMSR2 
9 


CMSR3 
10 


CMSR4 
11 


CMSR5 
12 


CMTO 
13 
Compare 
and toggle 
outputs 
for Timer T2. 


CMT1 
14 


Port 1 


P1.0to 
P1.7 
. 
16 to 21, 23, 24 
8-bit quasi-bidirectional 
I/O port. 


CTOI/INT2 
16 
Capture 
timer 
Inputs 
for Timer T2, 


CT11/INT3 
17 
or 


CT21/INT4 
18 
External 
Interrupt 
Inputs. 


CT31/INT5 
19 


T2 
20 
T2 event 
Input (rising edge triggered). 


RT2 
21 
T2 timer 
reset Input 
(rising edge triggered). 


CTXO 
, 
23 
CAN transmitter 
output 
0 (note 2). 


CTX1 
24 
CAN transmitter 
output 
1 (note 2). 


SYMBOL 


PIN 
DESCRIPTION 
DEFAULT 
ALTERNATIVE 


Port 3 


P3.0to 
P3.7 
25 to 32 
8-bit quasi-bidirectional 
I/O port. 
, 


RXD 
25 
Serial 
Input Port. 


TXD 
26 
Serial 
Output 
Port. 


INTO 
27 
External 
Interrupt 
Inputs. 


INT1 
28 


TO 
29 
Timer 
0 external 
Input. 


T1 
30 
Timer 
1 external 
input. 


WR 
31 
External 
Data Memory 
Write strobe. 


RD 
32 
External 
Data Memory 
Read strobe. 


Port 2 (Sink/source: 
1 x TTL = 4 x LSTTL Inputs) 


P2.0to 
P2.7 
36to 43 
8-blt quasi-bidirectional 
I/O port. 


A08to 
A15 
High-order 
address 
byte for external 
memory. 


Port 0 (Sink/source: 
8 x LSTTL Inputs) 


PO.7to PO.O 
47 to 54 
8-bit open drain 
bidirectionalI/O 
port. 


AD7toADO 
Multiplexed 
Low-order 
address 
and 


Data bus for external 
memory. 


Port 5 


P5.7 to P5.0 
62 to 68,1 
8-blt Input port. 


ADC7toADCO 
8 input 
channels 
to ADC. 
I 


Notes 


1. 
To avoid a 'latch up' effect at power-on: Vss - 0.5 V < 'voltage on any pin at any time' < Voo + 0.5 V. 


2. 
If the CAN-controller 
is in the reset state (e.g. after a power-up reset; CAN Control Register bit CR.O; see 
Section 13.5.3 Table 32), the CAN transmitter 
outputs are floating and the pins P1.6 and P1.7 can be used as 
open-drain 
port pins. After a power-up reset the port data is HIGH, leaving the pins P1.6 and P1. 7 floating. 


7 
MEMORY ORGANIZATION 


The Central Processing Unit -(CPU) manipulates 
operands 


in three memory spaces (see Fig.4) as follows: 


• 16 kbytes internal resp. 64 kbytes external Program 


Memory 


• 512 bytes internal Data Memory MAIN- and AUXILIARY 


RAM 


• up to 64 kbytes external Data Memory 


(with 256 bytes residing in the internal AUXILIARY 
RAM). 


The P8xC592 functions will be described 
as shown in the 
following overview: 


• Memory organization 


• I/O Port structure 


• Pulse Width Modulated 
outputs 


• Analog-to-digital 
Converter 


• Timers/Counters 


• Serial I/O Ports 


• Interrupt system 


• Power reduction modes 


• Oscillator circuitry 


• Reset circuitry 


• Instruction 
Set. 


INTERNAL 


(EA= 
1) 


EXTERNAL 


(EA =0) 


'-v----' 


EXTERNAL 
DATA MEMORY 


7.1 
Program Memory 


The Program Memory of the P8xC592 consists of 16 kbytes ROM on-chip, externally expandible 
up to 64 kbytes. 


PIN EA (note 1) 
ADDRESS 
DURING RESET 
INSTRUCTIONS 
FETCHED 
FROM: 
LOCATION 
LATCHED TO: 
AFTER 
RESET 


H 
- 
internal Program Memory (note 2) 
OOOOH-+ 3FFFH 


H 
- 
external Program Memory 
4000H -+ FFFFH 


L 
- 
OOOOH-+ FFFFH 
- 
'don't care' 
- 
.- 
- 


Notes 


1. 
This implementation 
prevents reading of the internal program code by switching from external Program Memory 
during a MOVC instruction. 


2. 
By setting a security bit the internal Program Memory content is protected, which means it cannot be read out 
If the security bit has been set to LOW there are no restrictions for the MOVC instruction. 


7.2 
Internal Data Memory 


The internal Data Memory is physically built-up and accessible 
as shown in Table 4 (see Fig.5). 


INTERNAL 
ADDRESS 
MODE 


DATA MEMORY 
SIZE 
LOCATION 
POINTERS 


DIRECT 
INDIRECT 


MAIN RAM 
256 bytes 
o to 127 
X 
X 
address pointers are RO and R1 of the 
(note 1) 
128 to 255 
- 
X 
selected register bank 


AUXIUARY 
RAM 
256 bytes 
Oto 255 
- 
X 
address pointers are RO and R1 of the 
(note 2) 
selected register bank and the DPTR 


SFRs (note 3) 
128 bytes 
128 to 255 
X 
- 
- 


Notes 


1. 
MAIN RAM can be addressed 
directly and indirectly as in the 80C51. 


2. 
AUXIUARY 
RAM (0 to 255): 


a) Is indirectly addressable 
in the same way as the external Data Memory with MOVX instructions. 


b) Access will not affect the ports PO, P2, P3.6 and P3.7 during internal program execution. 


3. 
SFRs = Special Function Registers. 


Four 8-bit register banks occupy the lower RAM area, 


• BANK 0: location 0 to 7 


• BANK 1: location 8 to 15 


• BANK 2: location 16 to 23 


• BANK 4: location 24 to 31. 


Only one ofthese 
banks may be enabled at the same time. 


The next 16 bytes, locations 32 through 45, contains 
128 directly addressable 
bit locations. 


The stack can be located anywhere 
in the internal MAIN 


RAM address space. The stack depth is only limited by the 
internal RAM space available. All registers except the 
program counter and the four 8-bit register banks reside in 
the SFR address space. 


7.3 
External Data Memory 


An access to external Data Memory locations higher than 
255 will be performed with the MOVX @DPTR instructions 
in the same way as in the 8OC51 structure, 
i.e. with POand P2 as data/address 
bus and P3.6 and P3.7 


as Write and Read strobe signals. 


Note that these external Data Memory locations cannot be 
accessed with RO or Rt as address pointer. 


7FH 1(MSB) 


7F 
7E 
70 
7C 
7B 
7A 
79 
78 


77 
76 
75 
74 
73 
72 
71 
70 


6F 
6E 
60 
6C 
6B 
6A 
69 
68 


67 
66 
65 
64 
63 
62 
61 
60 


5F 
5E 
50 
5C 
5B 
5A 
59 
58 


57 
56 
55 
54 
53 
52 
51 
50 


4F 
4E 
40 
4C 
4B 
4A 
49 
48 


47 
46 
45 
44 
43 
42 
41 
40 


3F 
3E 
30 
3C 
3B 
3A 
39 
38 


37 
36 
35 
34 
33 
32 
31 
30 


2F 
2E 
20 
2C 
2B 
2A 
29 
28 


27 
26 
25 
24 
23 
22 
21 
20 


1F 
1E 
10 
1C 
1B 
1A 
19 
18 


17 
16 
15 
14 
13 
12 
11 
10 


OF 
OE 
00 
OC 
OB 
OA 
09 
08 


07 
06 
05 
04 
03 
02 
01 
00 


BANK 3 


BANK2 


BANK 1 


BANKO 


(LSB'1127 


DIRECT 
REGISTER 
BYTE 
MNEMONIC 
BIT ADDRESS 
ADDRESS 
(HEX) 


~ 
f 
,,--A---, 


T31 
l FFH 
:~~ 
~----------- 
:~: 
PWMO 
~. 
FCH 


IPl '1: FF I FE I FD I FC I FB I FA I F9 I FS'f 
FSH 
~ 
~ 


B 


RTE 


STE 


# TMH2 


# TML2 


CTCON 


TM2CON 


IENl 'f EF I EE I ED I EC I EB I EA I E91 
ESl: 
EBH 


ACC '1Ell 
E61 
Esl 
E4 I E31 
E2 I E1 I EO'], 
EOH 
: 
; 


CANADR 


CAN OAT 


CANCON 


CANSTA 
OF 


PSW 


# CTH3 


# CTH2 


# CTHl 


# CTHO 


CMH2 


CMHl 


CMHO 


TM21R 


CEH 


CDH 


CCH 


CBH 


CAH 


C9H 


CF 
C6 
C6H 


# ADCH 'I' 
'I' C6H 
ADCON 
. 
CSH 
------------ 
#N 
~H 
------------ 


P4 '1' cli 
c61 
csi 
~ I c31 
c21 
Cl I coT 
COH 
I 
I 
I 
I 


SFRs containing 
directly 
addressable 
bits 


DIRECT 
REGISTER 
BYTE 
MNEMONIC 
BIT ADDRESS 
ADDRESS 
(HEX) 
~, 
,~ 
I 
I 
I 
I 
), 
1, 


IPO1BF 1 BE I BD 1 Be I BB I SA 1 891 
881 
B8H 


-; 
-; 


P3 


# CTL3 


# CTL2 


# CTL1 


# CTLO 


CML2 


CML1 


CMLO 


IENO 


TH1 


THO 


Tl1 


TLO 


TMOD 


TCON 


PCON 


: 
, 


8F I 8E I 80 
18C I 8B I 8A I 89 I 88 


: 
: 


87 I 86 I 85 I 84 I 83 I 82 I 81 I 80 


SFRs 
containing 
directly addressable 
bits 


8 
VO PORT STRUCTURE 


The P8xC592 has six 8-bit parallel ports: Port 0 to Port 5. In addition to the standard 8-bit parallel ports, the I/O facilities 
also include a number of special I/O lines. The use of a Port 1, Port 3 or Port 4 pins as an alternative function is carried 
out automatically 
provided the associated 
SFR bit is set HIGH. 


PORT 
TYPE 
FUNCTION 
REMARKS 


Port 0 
I/O 
The same as in the 80C51 
Except for the additional functions of P1.6 and 


Port 1 
I/O 
P1.7. 


Port 2 
I/O 


Port 3 
I/O 


Port 4 
I/O 
Parallel va port 
Parallel I/O function is identical to Port1, 2 and 3. 


Port 5 
I 
Parallel input port with an input function only 
May be used as normal inputs if the ADC function 
is inoperative. 


PORT 
TYPE 
FUNCTION 
REMARKS 


Port 0 
I/O 
Multiplexed 
Low-order address and 
Provides the multiplexed 
Low-order address and 
Data bus for external memory (AD7 to ADO) 
data bus used for expanding the P8xC592 with 
standard memories and peripherals. 


Port 1 
I/O 
Capture timer inputs for TImer T2 
External interrupt request inputs, if capture 
(CTOI to CT31), or 
information 
is not utilized. 


External interrupt request inputs 
(INT2 to INT5) 


T2 event input (T2) 
External counter input. 


T2 timer reset input (RT2) 
External counter reset input. 


CAN transmitter 
output 0 (CTXO) 
CTXO and CTX1 outputs ofthe 
CAN interface 


CAN transmitter 
output 1 (CTX1) 
(note 1). 


Port 2 
I/O 
High-order address byte for external memory 
Port 2 provides the High-order 
address bus when 


(A08to 
A15) 
the P8xC592 is expanded with external Program 
Memory and/or external Data Memory. 


Port 3 
I/O 
Serial Input Port (RXD) 


1 
Receiver input of serial port SIOO (UART). 


Serial Output Port (TXD) 
Transmitter 
output of serial port SIOO (UART). 


External interrupt (INTO) 
External interrupt request inputs. 


External interrupt (INT1) 


Timer 0 external input (TO) 
Counter inputs. 


Timer 1 external input (T1) 


External data memory Write strobe (WR) 
Control signal to write to external Data Memory. 


External data memory Read strobe (RD) 
Control signal to read from external Data Memory. 


Port 4 
I/O 
Compare and SeVReset outputs 
Can be configured 
to provide signals indicating a 
(CMSRO to CMSR5) 
match between TImer counter T2 and its compare 


Compare and toggle outputs (CMTO, CMT1) 
registers. 


Port 5 
I 
Input channels to ADC (ADC7 to ADCO) 
Port 5 may be used in conjunction 
with the ADC 
interface (note 2). 


Notes to the alternative 
Port functions 


1. 
Port lines P1.6 and P1.7 may be selected as CTXO and CTX1 outputs of the serial port SI01 
(CAN). 


After reset P1.6 and P1.7 may be used as normal I/O ports, if the CAN interface is not used. 


2. 
Unused analog inputs can be used as digital inputs. As Port 5 lines may be used as inputs to the ADC, these digital 
inputs have an inherent hysteresis to prevent the input logic from drawing too much current from the power lines 
when driven by analog signals. 
Channel-to-channel 
crosstalk should be taken into consideration 
when both digital and analog signals are 
simultaneously 
input to Port 5 (see Chapter 20). 


9 
PULSE WIDTH MODULATED 
OUTPUTS 
(PWM) 


Two Pulse Width Modulated 
(PWM) output channels are 


available with the P8xC592. These channels provide 
output pulses of programmable 
length and interval. 
The repetition frequency 
is defined by an 8-bit prescaler 
PWMP which generates the clock for the counter. 
Both the prescaler and counter are com mon to both PWM 
channels. The 8-bit counter counts modulo 255 i.e. from 
o to 254 inclusive. The value of the 8-bit counter is 
compared to the contents of two registers: 
PWMO and PWM1. 


Provided the contents of either of these registers is greater 
than the counter value, the output of PWMO or PWM1 is 
set LOW. If the contents of these register are equal to, or 
less than the counter value, the output will be HIGH. The 
puise-width-ratio 
is therefore defined by the contents of the 


register PWMO and PWM1. The pulse-width-ratio 
is in the 


range of 0 to 25%55 
and may be programmed 
in 


increments 
of %55. 


The repetition frequency fPWM,at the PWMn outputs is 


- 
f 
given by: f 
= 
CLK 


PWM 
2x(PWMP+1)x255 


When using an oscillator frequency 
of 16 MHz, for 


example, the above formula would give a repetition 
frequency 
range of 123 Hz to 31.4 kHz. 


By loading the PWM registers with either OOHor FFH, the 
PWM outputs can be retained at a constant HIGH or LOW 
level respectively. 
When loading FFH to the PWM 


registers, the 8-bit counter will never actually reach this 
(FFH) value. 
Both output pins PWMn are driven by pUSh-pull drivers, 
and are not shared with any other function. 


9.1 
Prescaler 
frequency 
control 
register 
(PWMP) 


Table 7 
Prescaler frequency 
control register (address FEH) 


7 


PWMP.7 
I 


6 


PWMP.6 
I 


5 


PWMP.5 


4 


PWMP.4 
I 


3 


PWMP.3 


2 


PWMP.2 


1 


PWMP.1 
o 


PWMP.O 


BIT 
SYMBOL 
FUNCTION 


7 
PWMP.7 
Prescaler 
division 
factor. 
to 
to 
The Prescaler division factor = (PWMP) + 1. 
0 
PWMP.O 


9.2 
Pulse Width 
Register 
0 (PWMO) 


Table 9 
Pulse Width Register (address FCH) 


7 


PWMO.7 
I 


6 
5 
4 
3 
2 
1 
0 


PWMO.6 
'_P_W_M_O_.5 
PW_M_O_.4 
__ 
P_W_M_O_.3 
PW_M_O_.2 
__ 
P_W_M_O_.1 
PW_M_O_.O_ 


BIT 
SYMBOL 
FUNCTION 


7 
PWMO.7 
Pulse width 
ratio. 


to 
to 
LOW/HIGH 
ratio of PWMn 
signals 
(PWMn) 
0 
PWMO.O 
= 255- 
(PWMn) 


9.3 
Pulse Width 
Register 
1 (PWM1) 


Table 11 
Pulse width register (address FDH) 


7 


PWM1.7 
I 


6 
5 
4 
3 
2 
1 
0 


PWM1.6 
I_P_W_M_1_.5 
__ 
P_W_M_1_A 
PW_M_1_.3 
__ 
P_W_M_1_.2 
PW_M_1_.1 
__ 
P_W_M_1_.0_ 


BIT 
SYMBOL 
FUNCTION 


7 
PWM1.7 
Pulse width 
ratio. 
to 
to 
LOW/HIGH 
ratio of PWMn 
signals 
(PWMn) 
0 
PWM1.0 
= 255- 
(PWMn) 


I 
N 
PWMO 
T 
E 
R 
N 
A 
L 


B 
U 
S 


PWMl 


10 
ANALOG-TO-DIGITAL CONVERTER (ADC) 


The analog input circuitry consists of an 8-input analog 
multiplexer and an ADC with 1O-bit resolution. The analog 
reference voltage and analog power supplies are 
connected via separate input pins. The conversion takes 
50 machine cycles I.e. 37.511S at 16 MHz oscillator 
frequency. 
The input voltage swing is from 0 V to AVDD. 
The ADC is controlled 
using the ADCON control register. 


Register bits ADCON.O to ADCON.2 
select the input 


channels of the analog multiplexer 
(see Fig.1 0). 


The com pletion of the 1O-bit analog-to-digital 
conversion is 


flagged by ADCI in the ADCON register and the result is 
stored in the SFR ADCH (upper 8-bits) and the 2 lower bits 
(ADC.1 and ADC.O) in register ADCON. 


An analog-to-digital 
conversion 
in progress is unaffected 


by an external or software ADC start. The result of a 
completed conversion 
remains unchanged 
provided 


ADCI = HIGH. While ADCI or ADCS are HIGH, a new ADC 
START will be blocked and consequently 
lost. An 


analog-to-digital 
conversion already in progress is aborted 


when the Idle or Power-down 
mode is entered. 


The result of a completed 
conversion 
(ADCI = HIGH) 


remains unaffected during the Idle mode. 
The LOW-to-HIGH 
transition of STADC is recognized 
at 


the end of a machine cycle and the conversion 
commences 
at the beginning of the next cycle. When a 


conversion is initiated by software, the conversion starts at 
the beginning of the machine cycle following the 
instruction that sets ADCS. 


The next two machine cycles are used to initiate the 
converter. At the end of this first cycle, the ADCS status 
flag is set to HIGH while the conversion 
is in progress. 


Sampling ofthe analog input commences 
althe 
end ofthe 


second cycle. 


During the next eight machine cycles, the voltage at the 
previously selected pin of Port 5 is sampled and this input 
voltage should be stable in order to obtain a useful sam pie. 
In any case, the input voltage slew rate must be less than 
10 V!ms (5 V conversion 
range) in order to prevent an 
undefined result. The conversion takes four machine 
cycles per bit. 


10.1 
ADC Control 
register 
(ADCON) 


Table 13 
ADC Control register (address C5H) 


7 


ADC.1 


6 


ADC.O 


5 


ADEX 


4 


ADCI 


3 


ADCS 


2 


AADR2 


1 


AADR1 
o 


AADRO 


BIT 
SYMBOL 
FUNCTION 


7 
ADC.1 
Bit 1 of ADC converted value. 


6 
ADC.O 
Bit 0 of ADC converted value. 


5 
ADEX 
Enable external start of conversion 
by STADC. If ADEX is: 


LOW, then conversion 
cannot be started externally by STADC (only by software by setting ADCS) 


HIGH, then conversion 
can be started externally by a rising edge on STADC or externally. 


4 
ADCI 
ADC Interrupt 
flag. This flag is set when an analog-to-digital 
conversion 
result is ready to be read. 
If enabled, an interrupt is invoked. The flag must be cleared by software. 
It cannot be set by software (see Table 15). 


3 
ADCS 
ADC start and status. 
Setting this bit starts an analog-to-digital 
conversion. 
It may be set by 


software or by the external signal STADC. The ADC logic ensures that this signal is HIGH while the 
ADC is busy. On completion 
of the conversion, 
ADCS is reset at the same time the interrupt flag 
ADCI is set. ADCS can not be reset by software (see Table 15). 


2 
AADR2 
Analog 
input select. This binary coded address selects one of the eight analog port pins of P5 to be 


1 
AADR1 
input to the converter. It can only be changed when ADCI and ADCS are both LOW. AADR2 is the 


0 
AADRo 
MSB. (e.g. 100B selects the analog input channel ADC4) 


Table 15 ADCI and ADCS operating 
modes 


If ADCI is cleared by software while ADCS is set at the same time a new analog-to-digital 
conversion with the same 


channel-number 
may be started. It is recommended 
to reset ADCI before ADCS is sel. 


ADCI 
ADCS 
OPERATION 


0 
0 
ADC not busy, a conversion 
can be started. 


0 
1 
ADC busy, start of a new conversion 
is blocked. 


1 
X (don't care) 
Conversion 
completed; 
see note 1. 


Note 


1. 
Start of a new conversion 
requires ADCI = O. 


ADCO 


ADC1 


ADC2 


ADC3 


ADC4 


ADC5 
ADC6 


ADC7 


11 
TIMERS/COUNTERS 


The P8xC592 contains: 


• Three 16-bit timer/event 
counters: 


Timer 0, Timer 1 and Timer T2 


• One 8-bit timer, T3 (Watchdog WDl). 


11.1 
Timer 0 and Timer 1 


Timer 0 and Timer 1 may be programmed 
to carry out the 


following functions: 


• Measure time intervals and pulse durations 


• Count events 


• Generate 
interrupt requests. 


Timer 0 and Timer 1 can be programmed 
independently 
to 


operate in 3 modes: 


Mode 0 8-bit timer or 8-bit counter each with divide-by-32 


prescaler. 


Mode 1 16-bit timer-interval 
or event counter. 


Mode 2 
8-bit timer-interval 
or event counter with 


automatic 
reload upon overflow. 


Timer 0 can be programmed 
to operate in an additional 


mode as follows: 


Mode 3 
one 8-bit time-interval 
or event counter and one 


8-bit timer-interval 
counter. 


When Timer 0 is in Mode 3, Timer 1 can be programmed 
to operate in Modes 0, 1 or 2 but cannot set an interrupt 
flag or generate an interrupt. However, the overflow from 
Timer 1 can be used to pulse the Serial Port baud-rate 
generator. 


The frequency 
handling range of these counters with a 


16 MHz crystal is as follows: 


• In the timer function, the timer is incremented 
at a 


frequency 
of 1.33 MHz (1112of the oscillator frequency) 


• 0 Hz to an upper limit of 0.66 MHz (1124of the oscillator 


frequency) 
when programmed 
for external inputs. 


Both internal and external inputs can be gated to the 
counter by a second external source for directly measuring 
pulse durations. When configured 
as a counter, the 


register is incremented 
on every falling edge on the 


corresponding 
input pin, TO or T1. 


The earliest moment, when the incremented 
register value 


can be read is during the second machine cycle following 
the machine cycle within which the incrementing 
pulse 


occurred. The counters are started and stopped under 
software control. Each one sets its interrupt request flag 


when it overflows from all HIGHs to all LOWs 
(or automatic 
reload value), with the exception of Mode 3 
as previously described. 


11.2 
Timer T2 Capture and Compare Logic 


Timer T2 is a 16-bit timer/counter 
which has capture and 
compare facilities 
(see Fig.11). 


The 16-bit timer/counter 
is clocked via a prescaler with a 
programmable 
division factor of 1, 2, 4 or 8. The input of 
the prescaler is clocked with 1;12of the oscillator 
frequency, 
or by an external source connected 
to the T2 


input, or it is switched off. The maximum 
repetition rate of 
the external clock source is 1;12fcLK,twice that of Timer 0 
and Timer 1. The prescaler is incremented 
on a rising 


edge. It is cleared if its division factor or its input source is 
changed, or if the timer/counter 
is reset. 


T2 is readable 'on the fly', without any extra read latches; 
this means that software precautions 
have to be taken 


against misinterpretation 
at overflow from least to most 


significant 
byte while T2 is being read. T2 is not loadable 
and is reset by the RST signal or at the positive edge of the 
input signal RT2, if enabled. In the Idle mode the 
timer/counter 
and prescaler are reset and halted. 


T2 is connected 
to four 16-bit Capture Registers: 
CTO, 


CT1, CT2 and CT3. A rising or falling edge on the inputs 
CTOI, CT11, CT21 or CT31 (alternative function of Port 1) 
results in loading the contents of T2 into the respective 
Capture Registers and an interrupt request. 


Using the Capture Register CTCON, these inputs may 
invoke capture and interrupt request on a positive edge, a 
negative edge or on both edges. If neither a positive nor a 
negative edge is selected for capture input, no capture or 
interrupt request can be generated 
by this input. 


The contents of the Compare Registers CMO, CMl 
and 


CM2 are continually compared with the counter value of 
Timer T2. When a match occurs, an interrupt may be 
invoked. A match of CMO sets the bits 0 to 5 of Port 4, a 
CM1 match resets these bits and a CM2 match toggles bits 
6 and 7 of Port 4, provided these functions are enabled by 
the STE/RTE 
registers. A match of CMO and CMl 
at the 
same time results in resetting bits 0 to 5 of Port 4. CMO, 
CM1 and CM2 are reset by the RST signal. 


Port 4 can be read and written by software without 
affecting the toggle, set and reset signals. At a byte 
overflow of the least significant byte, or at a 16-bit overflow 
of the timer/counter, 
an interrupt sharing the same 


interrupt vector is requested. 
Either one or both of these 


overflows can be programmed 
to request an interrupt. 


All interrupt flags must be reset by software. 


off 
2> 


'elK ----G-o 


? 


S 
= set 
R 
= reset 
T 
=toggle 
TG = toggle status 


P4.0 


P4.1 


P4.2 
I/O port 4 


P4.3~ 
P4.4 y----.y 


P4.5 


P4.6 


P4.7 


11.2.1 
COUNTERCONTROLREGISTER(TM2CON) 


Table 16 Counter Control register (address EAH) 


7 


T21S1 


6 


T21S0 


4 


T2BO 


5 


T2ER 


3 


T2P1 


2 


T2PO 


1 


T2MS1 
o 


T2MSO 


BIT 
SYMBOL 
FUNCTION 


7 
T21S1 
Timer 2 16-bit overflow interrupt select. 


6 
T21S0 
Timer 2 byte overflow interrupt select. 


5 
T2ER 
Timer 2 external reset enable. 


4 
T2BO 
Timer 2 byte overflow interrupt flag. 


3 
T2P1 
Timer 2 prescaler select (see Table 18). 


2 
T2PO 


1 
T2MS1 
Timer 2 mode select (see Table 19). 


0 
T2MSO 


T2P1 
T2PO 
T2CLOCK 


0 
0 
Clock source 


0 
1 
% Clock source 


1 
0 
% Clock source 


1 
1 
% Clock source 


11.2.2 
CAPTURECONTROLREGISTER(CTCON) 


Table 20 
Capture Control register (address EBH) 


7 


CTN3 


6 


CTP3 


4 


CTP2 


5 


CTN2 


T2MS1 
T2MSO 
MODE 


0 
0 
Timer T2 is halted 


0 
1 
T2 clock source = 1,112fcLK. 


1 
0 
Test mode; do not use 


1 
1 
T2 clock source = pin T2 


3 


CTN1 


2 


CTP1 


1 


CTNO 
o 


CTPO 


FUNCTION 


BIT 
SYMBOL 


CAPTURE 
INTERRUPT 
ON 


7 
CTN3 
CT31 
negative edge 


6 
CTP3 
CT31 
positive edge 


5 
CTN2 
CT21 
negative edge 


4 
CTP2 
CT21 
positive edge 


3 
CTN1 
CT11 
negative edge 


2 
CTP1 
CT11 
positive edge 


1 
CTNO 
CTOI 
negative edge 


0 
CTPO 
CTOI 
positive edge 


11.2.3 
TIMER INTERRUPTFLAGREGISTER(TM2IR) 


Table 22 
Timer Interrupt Flag register (address C8H) 


7 


T20V 


6 


CMI2 


5 


CMl1 


4 


CMIO 


3 


CTI3 


2 


CTI2 


o 


CTIO 


BIT 
SYMBOL 
FUNCTION 


7 
T20V 
T2: 16-bit overflow interrupt flag 


6 
CMI2 
CM2: interrupt flag 


5 
CMl1 
CM1: interrupt flag 


4 
CMIO 
CMO: interrupt flag 


3 
CTI3 
CT3: interrupt flag 


2 
CTI2 
CT2: interrupt flag 


1 
CTl1 
CT1: interrupt flag 


0 
CTIO 
CTO: interrupt flag 


Notes 


1. 
Interrupt Enable IEN1 is used to enable/disable 
Timer 2 interrupts 
(see Section 14.1.2). 


2. 
Interrupt Priority Register IP1 is used to determine the Timer 2 interrupt priority (see Section 14.1.4). 


11.2.4 
SET ENABLEREGISTER(STE) 


Table 24 Set Enable register (address EEH) 


7 


TG47 


6 


TG46 


5 


SP45 


4 


SP44 


3 


SP43 


2 


SP42 


o 


SP40 


BIT 
SYMBOL 
FUNCTION 


7 
TG47 
if HIGH then P4.7 is reset on the next toggle, if LOW P4.7 is set on the next toggle 


6 
TG46 
if HIGH then P4.6 is reset on the next toggle, if LOW P4.6 is set on the next toggle 


5 
SP45 
if HIGH then P4.5 is set on a match of CMO and T2 


4 
SP44 
if HIGH then P4.4 is set on a match of CMO and T2 


3 
SP43 
if HIGH then P4.3 is set on a match of CMO and T2 


2 
SP42 
if HIGH then P4.2 is set on a match of CMO and T2 


1 
SP41 
if HIGH then P4.1 is set on a match of CMO and T2 


0 
SP40 
if HIGH then P4.0 is set on a match of CMO and T2 


Notes 


1. 
If STE.n is LOW then P4.n is not affected by a match of CMO and T2 (n = 0, 1, 2, 3, 4, 5). 


2. 
STE.6 and STE.7 are read only. 


11.2.5 
RESET[TOOGLEENABLEREGISTER(RTE) 


Table 26 
Reset/Toggle 
Enable register (address EFH) 


7 


TP47 


6 


TP46 


5 


RP45 


4 


RP44 


3 


RP43 


2 


RP42 


1 


RP41 
o 


RP40 


BIT 
SYMBOL 
FUNCTION 


7 
TP47 
if HIGH then P4.7 toggles on a match of CM2 and T2 


6 
TP46 
if HIGH then P4.6 toggles on a match of CM2 and T2 


5 
RP45 
if HIGH then P4.5 is reset on a match of CM1 and T2 
. 
, 


4 
RP44 
if HIGH then P4.4 is reset on a match of CM1 and T2 
) 


3 
RP43 
if HIGH then P4.3 is reset on a match of CM1 and T2 


2 
RP42 
if HIGH then P4.2 is reset on a match of CM1 and T2 


1 
RP41 
if HIGH then P4.1 is reset on a match of CM1 and T2 


0 
RP40 
if HIGH then P4.0 is reset on a match of CM1 and T2 


Note 


1. 
If RTE.n is LOW then P4.n is not affected by a match of CM1 and T2 or CM2 and T2. 
For more information, 
refer to the 8051-based 
"8-bit Microcontrollers Data Handbook IC20". 


Philips Semiconductors 


11.3 
Watchdog 
Timer 
(T3) 


In addition to Timer T2 and the standard timers (Timer 0 
and Timer 1), a Watchdog 
Timer (WDT) comprising 
an 


11-bit prescaler and an 8-bit timer (T3) is also provided 
(see Fig.12). 


The timer T3 is incremented 
every 1.5 ms, derived from 


the oscillator frequency 
of 16 MHz by the following 


fCLK 
formula: 
ftimer = 12 x 2048 


When a timer T3 overflow occurs, the microcontroller 
is 


reset and a reset-output-pulse 
is generated at pin RST. 
This short output pulse (3 machine cycles) may be 
suppressed 
if the RST pin is connected to a capacitor. 


To prevent a system reset (by an overflow of the WDT), the 
user program has to reload T3 within periods that are 
shorter than the programmed 
Watchdog time interval. 


If the processor suffers a hardware/software 
malfunction, 
the software will fail to reload the timer. This failure will 
produce a reset upon overflow thus preventing the 
processor running out of control. 


The Watchdog Timer can only be reloaded if the condition 
flag WLE = PCON.4 has been previously set by software. 
At the moment the counter is loaded the condition flag is 
automatically 
cleared. 


The timer interval between the timer's reloading and the 
occurrence 
of a reset depends on the reloaded value. For 
example, this may range from 1.5 ms to 0.375 s when 
using an oscillator frequency 
of 16 MHz. 


In the Idle state the Watchdog Timer and reset circuitry 
remain active. 


The Watchdog Timer (WDT) is controlled 
by the Enable 


Watchdog 
pin (EW) (see Table 28). 


PINEW 
WDT 
POWER-DOWN 
MODE 


LOW 
enabled 
disabled 


HIGH 
disabled 
enabled 


12 
SERIAL 
I/O PORT: 5100 (UART) 


The Serial Port SIOO is a full duplex (UART) serial I/O port 
i.e. it can transmit and receive simultaneously. 
This Serial 


Port is also receive-buffered. 
It can commence 
reception 


of a second byte before the previously received byte has 
been read from the receive register. However, if the first 
byte has still not been read by the time reception of the 
second byte is complete, 
one of these (first or second) 


bytes will be lost. The SIOO receive and transmit registers 
are both accessed via the SOBUF SFR. Writing to SOBUF 
loads the transmit register, and reading SOBUF accesses 
to a physically separate receive register. SIOO can operate 
in 4 modes: 


Mode 0 Serial data is transmitted 
and received through 


RXD. TXD outputs the shift clock. 8 data bits are 
transmitted/received 
(LSB first). The baud rate is 


fixed at 11,2 of the oscillator frequency. 


Mode 1 10 bits are transmitted 
via TXD or received 


through RXD: a start bit (0), 8 data bits (LS B first), 
and a stop bit (1). On receive, the stop bit is put 
into RB8 of the SOCON SFR. The baud rate is 
variable. 


Mode 2 
11 bits are transmitted 
through TXD or received 


through RXD: a start bit (0), 8 data bits (LSB first), 
a programmable 
9th data bit, and a stop bit (1). 


On transmit, the 9th data bit (TB8 in SOCON) can 
be assigned the value of 0 or 1. With nominal 
software, TB8 can be the parity bit (P in PSW). 
During a receive, the 9th data bit is stored in RB8 
(SOCON), and the stop bit is ignored. The baud 
rate is programmable 
to either %2 or %4 of the 


oscillator frequency. 


Mode 3 
11 bits are transmitted 
through TXD or received 


through RXD: a start bit (0), 8 data bits (LSB first), 
a programmable 
9th data bit, and a stop bit (1). 


Mode 3 is the same as Mode 2 except for the 
baud rate which is variable in Mode 3. 


In all four modes, transmission 
is initiated by any 


instruction that writes to the SOBUF SFR. 
Reception is Initiated in Mode 0 when RI = 0 and REN = 1. 
In the other three modes, reception is initiated by the 
incoming start bit provided that REN = 1. 


Modes 2 and 3 are provided for mUltiprocessor 
communications. 
In these modes, 9 data bits are received 


with the 9th bit written to RB8 (SOCON). The 9th bit is 
followed by the stop bit. The port can be programmed 
so 


that with receiving the stop bit, the Serial Port interrupt will 
be activated if, and only if RB8 = 1. 


This feature is enabled by setting bit SM2 in SOCON. This 
feature may be used in multiprocessor 
systems. 


For more information 
about how to use the UART in 


combination 
with the registers SOCON, PCON, IE, SBUF 
and the Timer register, refer to the 8051-based 
"8-bit Microcontrollers 
Data Handbook 
IC20". 


13 
SERIAL 
I/O PORT: 5101 (CAN) 


SI01 
(CAN) provides the CAN (Controller Area Network) 


serial-bus data communication 
interface. SI01 
(CAN) 
replaces the SI01 
(12C)serial interface as provided in the 
microcontroller 
derivative P8xC552. 


13.1 
On-chip CAN-controller 


CAN is the definition of a high performance 
communication 
protocol for serial data communication. 


The P8xC592 on-chip CAN-controller 
is a full 


implementation 
of the CAN 2.0A protocol. With the 


P8xC592 powerful local networks can be built, both for 
automotive 
and general industrial environments. 
This 


results in a much reduced wiring harness and enhanced 
diagnostic and supervisory 
capabilities. 


• Multi-master 
architecture 


• Bus access priority determined 
by the message 


identifier 


• 2032 message identifier (211 standard frame CAN 2.0A) 


• Guaranteed 
latency time for high priority messages 


• Powerful error handling capability 


• Data length from 0 up to 8 bytes 


• Multicast and broadcast message facility 


• Non destructive 
bit-wise arbitration 


• Non-return-to-zero 
(NRZ) coding/decoding 
with 


bit-stuffing 


• Programmable 
transfer rate (up to t MbiVs) 


• Programmable 
output driver configuration 


• Suitable for use in a wide range of networks including 


the SAE's network classes A, Band 
C 


• DMA prOViding high-speed 
on-chip data exchange 


• Bus failure management 
facility 


• %AVDD 
reference voltage. 


Product specification 


13.3 
Interface 
between 
CPU and CAN 


The internal interface between the P8xC592's CPU and 
on-chip CAN-controller 
is achieved via the following four 


SFRs (see Fig.13): 


• CANADR, to point to a register of the CAN-controller 


• CANDAT, to read or write data 


• CANCON, to read interrupt flags and to write commands 


• CANSTA, to read status information 
and to write DMA 


pointer. 


Additionally, 
the DMA-Iogic allows a high-speed data 


exchange 
between the CAN-controller 
and the CPU's 


on-chip MAIN RAM. For more information, 
see 


Section 13.5.15 "Handling 
of the CPU-CAN 
interface". 


13.4 
Hardware 
blocks 
of the CAN-controller 


The P8xC592 CAN-controller 
contains all necessary 


hardware for high performance 
serial network 
communications 
(see Fig ..14 and Table 29). 


[:I<=> 


A~< 


internal 


bus 
4 special function 
registers 


It controls the communication 
flow through the area 


network using the CAN-protocol. 
The CAN-controller 


meets the following 
automotive 
requirements: 


• Short message length 


• Bus access priority, determined 
by the message 
identifier 


• Powerful error handling capability 


• Configuration 
flexibility to allow area network expansion 


• Guaranteed 
latency time for urgent messages; 


The latency 
time defines the period between the 


initiation (Transmission 
Request) and the start of the 


transmission 
on the bus. The latency time strongly 


depends on a large variety of bus-related conditions. 
In the case of a message being transmitted 
on the 


bus and one distortion, the latency time can be up to 
149 bit times (worst case). For more information see 
Chapter 22 "CAN application 
information". 


CAXO 
and 
CAX1 


CTXO 
and 
CTX1 


NAME 
BLOCK 
DESCRIPTION 


Interface Management 
Logic 
IMl 
Interprets commands from the CPU, allocates the message buffers 
(TBF, RBFO and RBF1) and provides interrupts and status information to the 
microcontroller. 


Transmit Buffer 
TBF 
10 bytes memory into which the CPU writes messages which are to be 
transmitted 
over the CAN network. 


Receive Buffers (0 and 1) 
RBFO 
RBFO and RBF1 are each 10 bytes memories which are alternatively 
used to 


RBF1 
store messages received from the CAN network. 
The CPU can process one message while another is being received. 


Bit Stream Processor 
BSP 
Is a sequencer, controlling the data stream between the Transmit 
Buffer, 


Receive Buffers (parallel data) and the CAN-bus 
(serial data). 


Bit Timing logic 
BTl 
Synchronizes 
the CAN-controller 
to the bitstream on the CAN-bus. 


Transceiver 
Control Logic 
TCl 
Controls the output driver. 


Error Management 
logic 
EMl 
Performs the error confinement 
according to the CAN-protocol. 


·.philips 
Semiconductors 


13.5 
Control Segment and Message Buffer 
description 


The CAN-controller 
appears 
to the CPU as a 


memory-mapped 
peripheral, 
guaranteeing 
the 
independent 
operation 
of both parts. 


13.5.1 
ADDRESS ALLOCATION 


The address 
area of the CAN-controller 
consists 
of the 


Control 
Segment 
and the message 
buffers. 
The Control 


Segment 
is programmed 
during an initialization 
down-load 


in order to configure 
communication 
parameters 
(e.g. bit 


timing). 
The communication 
over the CAN-bus 
is also 


controlled 
via this segment 
by the CPU. A message 
which 


is to be transmitted, 
must be written 
to the Transmit 
Buffer. 


OOH 
0 


01H 
1 


02H 
2 


OOH 
3 


04H 
4 


05H 
5 


06H 
6 


07H 
7 


08H 
8 


09H 
9 


OAH 
10 


OBH 
11 


OCH 
12 


ODH 
13 


OEH 
14 


OFH 
15 


10H 
16 


11H 
17 


12H 
18 


13H 
19 


14H 
20 


15H 
21 


16H 
22 


17H 
23 


18H 
24 


19H 
25 


1AH 
26 


1BH 
27 


1CH 
28 


1DH 
29 


CONTROL 
COMMAND 
STATUS 
INTERRUPT 
ACCEPTANCECODE 
ACCEPTANCEMASK 
BUSTIMING0 
BUSTIMING1 
OUTPUTCONTROL 
TEST 


IDENTIFIER, 
RTRBIT, 
DATALENGTHCODE 


BYTE1 
BYTE2 
BYTE3 
BYTE4 
BYTE5 
BYTE6 
BYTE7 
BYTE8 


IDENTIFIER, 
RTRBIT, 
DATALENGTHCODE 
BYTE1 
BYTE2 
BYTE3 
BYTE4 
BYTE5 
BYTE6 
BYTE7 
BYTE8 


After a successful 
reception 
the CPU may read the 


message 
from the Receive 
Buffer 
and then 
release 
it for 


further 
use. 


13.5.2 
CONTROL SEGMENT LAYOUT 


The exchange 
of status, 
control 
and command 
signals 


between 
the CPU and the CAN-controller 
is performed 
in 


the control 
segment, 
The layout 
of this segment 
is shown 


in Fig.15. 
After an initial down-load, 
the contents 
of the 


registers 
Acceptance 
Code, 
Acceptance 
Mask, 


Bus Timing 
0, Bus Timing 
1 and Output 
Control 
should 
not 


be changed. 
These 
registers 
may only be accessed 
when 


the Reset 
Request 
bit in the Control 
Register 
is set HIGH 


(see Tables 
30,31 
and 32). 


IDENTIFIER, 
RTRBIT, 
DATALENGTHCODE 
BYTE1 
BYTE2 
BYTE3 
BYTE4 
BYTE5 
BYTE6 
BYTE7 
BYTE8 


BIT 


7 
6 
5 
4 
3 
2 
1 
0 


Control Segment 


ADDRESS 0: CONTROL REGISTER 


TM 
S 
RA 
OlE 
EIE 
TIE 
RIE 
RR 


ADDRESS 1: COMMAND REGISTER 


RXOA 
RX1A 
WUM 
SLP 
COS 
RRB 
AT 
TR 


ADDRESS 2: STATUS REGISTER 


BS 
ES 
TS 
IRS 
TCS 
TBS 
DO 
RBS 


ADDRESS 3: INTERRUPT REGISTER 


Reserved 
Reserved 
Reserved 
WUI 
01 
EI 
TI 
RI 


ADDRESS 4: ACCEPTANCE CODE REGISTER 


AC.7 
AC.6 
AC.5 
I AC.4 
AC.3 
I AC.2 
AC.1 
I AC.O 


ADDRESS 5: ACCEPTANCE MASK REGISTER 


AM.7 
AM.6 
AM.5 
AM.4 
AM.3 
AM.2 
AM.1 
AM.O 


ADDRESS 6: Bus TIMING REGISTER 0 


SJW.1 
I SJW.O 
BRP.5 
IBRP.4 
BRP.3 
BRP.2 
BRP.1 
BRP.O 


ADDRESS 7: Bus TIMING REGISTER 1 


SAM 
TSEG2.2 
TSEG2.1 
TESG2.0 
TSEG1.3 
TSEG1.2 
TSEG1.1 
TSEG1.0 


ADDRESS 8: OUTPUT CONTROL REGISTER 


OCTP1 
OCTN1 
OCPOL1 
OCTPO 
OCTNO 
OCPOLO 
OCMODE1 
OCMODEO 


ADDRESS 9: TEST REGISTER (note 
1) 


Reserved 
Reserved 
Map 
Internal 
Connect 
RX 
ConnectTX 
Access 
Normal 
Float 
Output 


Register 
Buffer 
0 
BufferCPU 
Internal 
Bus 
RAM 
Driver 


CPU 
Connect 


Philips Sem iconduetors 


ADDRESS10: IDENTIFIER 


10.10 


ADDRESS11: RTR, DATALENGTHCODE 


10.2 
10.0 


ADDRESS12 TO 19: BYTES1 TO 8 


Data 


Receive 
Buffer 0 and 1 


ADDRESS20: IDENTIFIER 


10.2 


ADDRESS22 TO 29: BYTES1 TO 8 


Data 


Note 


1. 
The Test Register is used for production testing only. 


13.5.3 
CONTROLREGISTER(CR) 


The contents of the Control Register are used to change the behaviour of the CAN-controller. 
Control bits may be set or 
reset by the CPU which uses the Control Register as a read!Write memory. 


BIT 
SYMBOL 
FUNCTION 


7 
TM 
Test Mode (note 1).lf the value of TM is: 


HIGH (enabled), then the CAN-controller 
enters Test Mode (normal operations 


impossible). 


LOW (disabled), then the CAN-controller 
is in normal operating 
mode. 


6 
S 
Sync (note 2). If the value of S is: 


HIGH (2 edges), then bus-line transitions from recessive-to-dominant 
and vice-versa 
are used for resynchronization 
(see Sections 13.5.20 and 13.6). 


LOW (1 edge), then the only transitions from recessive-to-dominant 
are used for 
resynchronization. 


BIT 
SYMBOL 
FUNCTION 


5 
RA 
Reference 
Active 
(notes 2). If the value of RA is: 


HIGH (output), then the pin REF is an %AVDD 
reference output. 


LOW (input), then a reference voltage may be input. 


4 
OlE 
Overrun 
Interrupt 
Enable. If the value of OlE is: 


HIGH (enabled) and the Data Overrun bit is set (see Section 13.5.5) then the CPU 
receives an Overrun Interrupt signal. 


LOW (disabled), then the CPU receives no Overrun Interrupt signal from the 
CAN-controller. 


3 
EIE 
Error Interrupt 
Enable. 
If the value of EIE is: 


HIGH (enabled) and the Error or Bus Status change (see Section 13.5.5) then the CPU 
receives an Error Interrupt signal. 


LOW (disabled), then the CPU receives no Error Interrupt signal. 


2 
TIE 
Transmit 
Interrupt 
Enable. If the value of TIE is: 


HIGH (enabled) and when a message has been successfully 
transmitted 
or the 


Transmit Buffer is accessible again, (e.g. after an Abort Transmission 
command), then 
the CAN-controller 
transmits a Transmit 
Interrupt signal to the CPU. 


LOW (disabled), then there is no transmission 
of the Transmit 
Interrupt signal by the 


CAN-controller 
to the CPU. 


1 
RIE 
Receive 
Interrupt 
Enable. 
If the value of RIE is: 


HIGH (enabled) and when a message has been received without errors, then the 
CAN-controller 
transmits a Receive Interrupt signal to the CPU. 


LOW (disabled), then there is no transmission 
of the Receive Interrupt signal by the 


CAN-controller 
to the CPU. 


0 
RR 
Reset Request 
(note 3). If the value of RR is: 


HIGH (present), then detection of a Reset Request results in the CAN-controller 
aborting the current transmission/reception 
of a message entering the reset state 


synchronously 
to the system clock (tSCL,see Section 13.5.9). 


LOW (absent), on the HIGH-to-LOW 
transition 
of the Reset Request bit, the 


CAN-controller 
returns to its normal operating state. 


Notes to the description 
of the CR bits 


1. 
The test mode Is intended for factory testing and not for customer use. 


2. 
A modification 
of the bits Reference Active and Sync is only possible with Reset Request = HIGH (present). It is 
allowed to set these bits while Reset Request is changed from a HIGH level to a LOW level. After an external reset 
(pin RST = HIGH) the Reference Active bit is set HIGH (output), the Sync bit is undefined. 


3. 
During an external reset (RST = HIGH) or when the Bus Status bit is set HIGH (Bus-OFF), the IML forces the 
Reset Request HIGH (present). After the Reset Request bit is set LOW (absent) the CAN-controller 
will wait for: 


a) One occurrence 
of the Bus-Free signal (11 recessive bits, see Section 13.6.9.6), if the preceding 
reset (Reset 
Request = HIGH) has been caused by an external reset or a CPU initiated reset. 


b) 128 occurrences 
of Bus-Free, if the preceding reset (Reset Request = HIGH) has been caused by a 
CAN-controller 
initiated Bus-OFF, 
before re-entering the Bus-On mode, see Section 13.6.9. 


c) 
When Reset Request is set HIGH (present), for whatever reason, the Control, Command, 
Status and Interrupt 
bits are affected, see Table 40. The registers at addresses 4 to 8 are only accessible when the Reset Request is 
set HIGH (present). 


REF 


1 
1 
1 
1 
I 
1 
1 
I 
1 
1 


01 


CRXO 
+ 
RXO 


150 
1 
1 
01 


CRX1 
+ 
RX1 


1 
51 


r------ -------- --- REFERENCE 
ACTIVE 


1 
+ 


r - 
- 
WAKE-UP 
MODE 


1 


1 


1 


1 
I 
11 
+ 
WAKE-UP 
(bus active sig naQ 


13.5.4 
COMMANDREGISTER(CMR) 


A command bit initiates an action within the transfer layer of the CAN-controller. 
The Command 
Register appears to the 
CPU as a read/write memory, except for the bits CMR.O (TR) to CMR.3 (CaS), which return a HIGH if being read. 


7 


AXOA 


6 


AX1A 


5 


WUM 


4 


SLP 
3 


cas 


2 


RRB 


BIT 
SYMBOL 
FUNCTION 
.J- 


7 
RXOA 
RXO Active. 
See Table 35; note 1. 


6 
RX1A 
RX1 Active. 
See Table 35; note 1. 
. 


5 
WUM 
Wake-up 
Mode (note 2). If the value of WUM is: 


HIGH (single ended), then the difference of the AX signals to the internal reference voltage %AVoo 
is used for wake up. 


LOW (differential), then the differential signal between AXO and AX1 is used for wake up. 


4 
SLP 
Sleep (note 3). If the value of SLP is: 


HIGH (sleep), then the CAN-controller 
enters sleep mode if no CAN interrupt is pending and there 
is no bus activity. 


LOW (wake up), then the CAN-controller 
functions normally. 


3 
cas 
Clear Overrun 
Status 
(note 4). If the value of cas 
is: 


HIGH (clear), then the Data Overrun status bit is set to LOW (see Table 37). 


LOW (no action), then there is no action. 


2 
RRB 
Release 
Receive 
Buffer 
(note 5). If the value of RRB is: 


HIGH (released), then the Receive Buffer attached to the CPU is released. 


LOW (no action), then there is no action. 


1 
AT 
Abort 
Transmission 
(note 6). If the value of AT is: 


HIGH (present) and if not already in progress, a pending Transmission 
Request is cancelled. 


LOW (absent), then there is no action. 


0 
TR 
Transmission 
Request 
(note 7). If the value of TR is: 


HIGH (present), then a message shall be transmitted. 


LOW (absent), then there is no action. 


Notes to the description 
of the CMR bits 


1. 
The RXO/RX1 Active bits, if being read, reflect the status of the respective switches (see Fig.16). It is recommended 
to change the switches only during the reset state (Reset Request = HIGH). 


2. 
The Wake-Up 
Mode bit should be set at the same time as the Sleep bit. The differential wake up mode is useful if 
both bus wires are fully functioning; 
it minimizes the amount of wake ups due to noise. The single ended wake up 
mode is recommended 
if a wake up must be possible even if one bus wire is already or may become disturbed 


(see Fig.16). 


3. 
The CAN-controller 
will enter sleep mode, if the Sleep bit is set HIGH (sleep) there is no bus activity and no interrupt 
is pending. The CAN-controller 
will wake up after the Sleep bit is set LOW (wake up) or when there is bus activity. 
On wake up, a Wake-Up 
Interrupt (see Section 13.5.6) is generated 
(see also Chapter 15). A CAN-controller 
which 


is sleeping and then awaken by bus activity will not be able to receive this message until it detects a Bus-Free signal 
(see Section 13.6.9.6). The Sleep bit, if read, reflects the status of the CAN-controller. 


4. 
This command 
bit is uSEldto acknowledge 
the Data Overrun condition signalled by the Data Overrun status bit. 


Command 
is given only after releasing both receive buffers. The stored messages have to be rejected. The 
command bit is set simultaneously 
with setting of the Release Receive Buffer command bit the second time. 


5. 
After reading the contents ofthe Receive Buffer (RBFO or RBFt) the CPU must release this buffer by setting Release 
Receive Buffer bit HIGH (released). This may result in another message becoming immediately 
available. 


To prevent the RRB command 
being executed only once, the minimum wait time between two successive 
RRB 
commands 
is 3 system clock cycles (tSCL'see Section 13.5.9). 


6. 
The Abort Transmission 
bit is used when the CPU requires the suspension 
of the previously requested transmission, 
e.g. to transmit an urgent message. A transmission 
already in progress is not stopped. In order to see if the original 
message had been either transmitted 
successfully 
or aborted, the Transmission 
Complete Status bit should be 
checked. This should be done after the Transmit Buffer Access bit has been set HIGH (released) or a Transmit 
Interrupt has been generated 
(see Section 13.5.6). 


7. 
If the Transmission 
Request bit was set HIGH in a previous command, 
it cannot be cancelled by setting the 
Transmission 
Request bit LOW (absent). Cancellation 
of the requested transmission 
may be performed by setting 
the Abort Transmission 
bit HIGH (present). 


CONTROL 
RXO 
RX1 
RXOA 
RX1A 


1 
1 
CRXO 
CRX1 


1 
0 
CRXO 
%AVOD 


0 
1 
%AVDD 
CRX1 


0 
0 
No action 


13.5.5 
STATUSREGISTER(SR) 


The contents of the Status Register reflects the status of the CAN-controller. 
The Status Register appears to the CPU 
as a read only memory. 


3 


TCS 


2 


TBS 
o 


RBS 


BIT 
SYMBOL 
FUNCTION 


7 
BS 
Bus Status 
(note 1). If the value of BS is: 


HIGH (Bus-OFF), then the CAN-controller 
is not involved in bus activities. 


LOW (Bus-ON), then the CAN-controller 
is involved in bus activities. 


6 
ES 
Error Status. 
If the value of ES is: 


HIGH (error), then at least one of the Error Counters 
(see Section 13.6.10) has reached the 
CPU Warning limit. 


LOW (ok), then both Error Counters have not reached the warning limit. 


5 
TS 
Transmit 
Status 
(note 2). If the value of TS is: 


HIGH (transmit), then the CAN-controller 
is transmitting 
a message. 


LOW (idle), then no message is transmitted. 


4 
RS 
Receive 
Status 
(note 2). If the value of RS is: 


HIGH (receive), then the CAN-controller 
is receiving a message. 


LOW (idle), then no message is received. 


3 
TCS 
Transmission 
Complete 
Status 
(note 3). If the value of TCS is: 


HIGH (complete), then last requested transmission 
has been successfully 
completed. 


LOW (incomplete), 
then previously requested transmission 
is not yet completed. 


2 
TBS 
Transmit 
Buffer Access 
(note 3). If the value of TBS is: 


HIGH (released), then the CPU may write a message into the TBF. 


LOW (locked), then the CPU cannot access the Transmit 
Buffer. A message 
is either waiting for 


transmission 
or is in the process of being transmitted. 


1 
DO 
Data Overrun 
(note 4). If the value of DO is: 


HIGH (overrun), then both Receive Buffers are full and the first byte of another message should be 
stored. 


LOW (absent), then no data overrun has occurred since the Clear Overrun command was given. 


0 
RBS 
Receive 
Buffer 
Status 
(note 5). If the value of RBS is 


HIGH (fUll), then this bit is set when a new message is available. 


LOW (empty), then no message has become available since the last Release Receive Buffer 
command 
bit was set. 


Notes to the descrIption 
of the SR bits 


1. 
When the Bus Status bit is set HIGH (Bus-OFF), the CAN-controller 
will set the Reset Request bit HIGH (present). 


It will stay in this state until the CPU sets the Reset Request bit LOW (absent). Once this is completed the 
CAN-controller 
will wait the minimum protocol-defined 
time (128 occurrences 
of the Bus-Free signal) before setting 
the Bus Status bit LOW (Bus-ON), the Error Status bit LOW (ok) and resetting the Error Counters. 
During Bus-OFF 
the output drivers are switched off (floating); external transceiver 
circuits should output a recessive level in this case. 


2. 
If both the Receive Status and Transmit Status bits are LOW (idle) the CAN-bus is idle. 


3. 
Ifthe CPU tries to write to the Transmit Buffer when the Transmit Buffer Access bit is LOW (locked), the written by1es 
will not be accepted and will be lost without this being signalled. The Transmission 
Complete Status bit is set LOW 
(incomplete) 
whenever the Transmission 
Request bit is set HIGH (present). If an Abort Transmission 
command 
is 
issued, the Transmit 
Buffer will be released. If the message, which was requested and then aborted, was not 
transmitted, 
the Transmission 
Complete Status bit will remain LOW. 


4. 
If Data Overrun = HIGH (overrun) is detected, the currently received message is dropped. A transmitted 
message, 
granted acceptance, 
is also stored in a Receive Buffer. This occurs because it is not known if the CAN-controller 
will 
lose arbitration and so become a receiver of the message. If no Receive Buffer is available, Data Overrun is 
signalled. 
However, this transmitted 
and accepted message does neither cause a Receive Interrupt nor set the 
Receive Buffer Status bit to HIGH (fuIQ.Also, a Data Overrun does not cause the transmission 
of an Overload Frame 
(see Sections 
13.6.1 and 13.6.5). 


5. 
If the command 
bit Release Receive Buffer is set HIGH (released) by the CPU, the Receive Buffer Status bit is set 
LOW (empty) by IML. When a new message is stored in any of the receive buffers, the Receive Buffer Status bit is 
set HIGH (full) again. 


13.5.6 
INTERRUPTREGISTER(IR) 


The Interrupt Register allows the identification 
of an interrupt source. When one or more bits of this register are set, a 
CAN interrupt (SI01) will be indicated to the CPU. All bits are reset by the CAN-controller 
after this register is read by the 
CPU. This register appears to the CPU as a read only memory. 


4 


WUI 


BIT 
SYMBOL 
FUNCTION 


7 
- 
Reserved. 


6 
- 
Reserved. 


5 
- 
Reserved. 


4 
WUI 
Wake-Up Interrupt. The value of WUI is set to: 


HIGH (set), when the sleep mode is left. See Section 13.5.4. 


LOW (reset), by a read access of the Interrupt Register by the CPU. 


3 
01 
Overrun Interrupt (note 1). The value of 01 is set to: 


HIGH (set), if both Receive Buffers contain a message and the first byte of another message should 
be stored (passed acceptance), 
and the Overrun Interrupt Enable is HIGH (enabled). 


LOW (reset), by a read access of the Interrupt Register by the CPU. 


2 
EI 
Error Interrupt. The value of EI is set to: 


HIGH (set), on a change of either the Error Status or Bus Status bits, if the Error Interrupt Enable is 
HIGH (enabled). See Section 13.5.5. 


LOW (reset), by a read access of the Interrupt Register by the CPU. 
.. 


1 
TI 
Transmit Interrupt. The value of TI is set to: 


HIGH (set), on a change of the Transmit 
Buffer Access from LOW to HIGH (released) and 
Transmit 
Interrupt Enable is HIGH (enabled). 


LOW (reset), after a read access of the Interrupt Register by the CPU. 


D 
RI 
Receive Interrupt (note 2). The value of RSS is set to: 


HIGH (set), when a new message is available in the Receive Buffer and the Receive Interrupt 
Enable bit is HIGH (enabled). 


LOW (reset) automatically 
by a read access of Interrupt Register by the CPU. 


Notes 


1. 
Overrun Interrupt bit (if enabled) and Data Overrun bit (see Section 13.5.5) are set at the same time. 


2. 
Receive Interrupt bit (if enabled) and Receive Buffer Status bit (see Section 13.5.5) are set at the same time. 


TYPE 
BIT 
SYMBOL 
FUNCTION 
EFFECT 


Control 
CR.7 
TM 
Test Mode 
LOW (disabled) 


CR.5 
RA 
Reference Active 
HIGH (output); note 1 


Command 
CMR.7 
RXOA 
RXOActive 
HIGH (RXO = CRXO); note 1 


CMR.6 
RX1A 
RX1 Active 
HIGH (RX1 = CRX1); note 1 


CMR.4 
SLP 
Sleep 
LOW (wake-up) 


CMR.3 
COS 
Clear Overrun Status 
HIGH (clear) 


CMR.2 
RRB 
Release Receive Buffer 
HIGH (released) 


CMR.1 
AT 
Abort Transmission 
LOW (absent) 


CMR.O 
TR 
Transmission 
Request 
LOW (absent) 


Status 
SR.7 
BS 
Bus Status 
LOW (Bus-On); note 1 
SR.6 
ES 
Error Status 
LOW (no error); note 1 
SR.5 
TS 
Transmit Status 
LOW (idle) 
SR.4 
RS 
Receive Status 
LOW (idle) 
SR.3 
TCS 
Transmission 
Complete Status 
HIGH (complete) 
SR.2 
TBS 
Transmit Buffer Access 
HIGH (released) 
SR.1 
DO 
Data Overrun 
LOW (absent) 
SR.O 
RBS 
Receive Buffer Status 
LOW (empty) 


Interrupt 
1R.3 
01 
Overrun Interrupt 
LOW (reset) 
1R.1 
TI 
Transmit Interrupt 
LOW (reset) 
IR.O 
RI 
,. 
Receive Interrupt 
. 
LOW (reset) 


Note 


1. 
Only after an external reset; see note 5 to Table 37 "Description 
of the SR bits". 


13.5.7 
ACCEPTANCECODE REGISTER(ACR) 


The Acceptance 
Code Register is part of the acceptance 


filter of the CAN-controller. 
This register can be accessed 


(read/write), 
if the Reset Request bit is set HIGH (present). 


When a message is received which passes the 
acceptance 
test and if there is an empty Receive Buffer, 
then the respective Descriptor and Data Field 
(see Fig.15) are sequentially 
stored in this empty buffer. 


In the event that there is no empty Receive Buffer, the 
Data Overrun bit is set HIGH (overrun); see 
Sections 
13.5.5 and 13.5.6. 


7 


AC.7 


6 


AC.6 


4 


AC.4 


5 


AC.5 


When the complete message has been correctly received 
the following occurs: 


• The Receive Buffer Status bit is set HIGH (full) 


• If the Receive Interrupt Enable bit is set HIGH (enabled), 


the Receive Interrupt is set HIGH (set). 


During transmission 
of a message which passes the 


acceptance 
test, the message is also written to its own 


Receive Buffer. If no Receiver Buffer is available, 
Data 


Overrun is signalled because it is not known at the start of 
a message whether the CAN -controller will lose arbitration 
and so become a receiver of the message. 


3 


AC.3 


2 


AC.2 


1 


AC.1 
o 


AC.D 


BIT 
SYMBOL 
FUNCTION 


7 
AG.7 
Acceptance 
Code. The Acceptance 
Gode bits (AC.7 to AC.D) and the eight most significant 
to 
to 
bits of the message's 
Identifier (10.10 to 10.3) must be equal to those bit positions which are 
0 
AC.D 
marked relevant by the Acceptance 
Mask bits (AM.7 to AM.D). 


The acceptance 
is given, if the following equation is satisfied: 


(1010 ... 10.3) = [(AG.7 ... AG.D) or (AM.7 ... AM.D)) = 1111 1111 B. 


13.5.8 
ACCEPTANCEMASKREGISTER(AMR) 


The Acceptance 
Mask Register is part of the acceptance 


filter of the CAN-controller. 
This register can be accessed 
(read/write) 
if the Reset 


Request bit is set HIGH (present). 


7 


AM.7 


6 


AM.6 


5 


AM.5 


4 


AM.4 


The Acceptance 
Mask Register qualifies which of the 


corresponding 
bits of the acceptance code are 'relevant' or 
'don1 care' for acceptance 
filtering. 


3 


AM.3 


2 


AM.2 


1 


AM.1 
o 


AM.D 


BIT 
SYMBOL 
FUNCTION 


7 
AM.7 
Acceptance 
Mask. If the Acceptance 
Mask bit is: 


to 
to 
HIGH (don't care), then this bit position is 'don't care' for the acceptance 
of a message. 


0 
AM.D 
LOW (relevant), then this bit position is 'relevant' for acceptance 
filtering. 


13.5.9 
Bus TIMINGREGISTER0 (BTRO) 


The contents of Bus Timing Register 0 defines the values 
of the Baud Rate Prescaler (BRP) and the Synchronization 
Jump Width (SJW). 


This register can be accessed 
(read/wr~e) if the Reset 


Request bit is set HIGH (present). 
For further information 
on bus timing, see 


Sections 13.5.10 and 13.5.18. 


7 


SJW.1 


6 


SJW.O 


5 


BRP.5 


4 


BRP.4 


3 


BRP.3 


2 


BRP.2 


o 


BRP.O 


BIT 
SYMBOL 
FUNCTION 


7 
SJW.1 
Synchronization 
Jump Width. To compensate for phase Shifts between clock oscillators of different 


6 
SJW.O 
bus controllers, 
any bus controller must resynchronize 
on any relevant signal edge of the current 
transmission. 
The synchronization 
jump width defines the maximum number of clock cycles a bit 
period may be shortened or lengthened 
by one resynchronization: 


tSJW = tscl(2SJW.1 
+SJW.0+1). 


5 
BRP.5 
Baud Rate Prescaler. The period of the system clock tSCl is programmable 
and determines 
the 


4 
BRP.4 
individual bit timing.The 
system clock is calculated 
using the following equation: 


3 
BRP3 
tSCl = 2tClK(32BRP.5+16BRP.4+8BRP.3+4BRP.2+2BRP.1 
+BRP.0+1). 


2 
BRP2 
Where telK = time period of the P8xC592 oscillator. 


1 
BRP1 


0 
SRPO 


13.5.10 
Bus TIMINGREGISTER1(BTR1) 


The contents of Bus Timing Register 1 defines the length 
of the bit period, the location of the sample point and the 
number of samples to be taken at each sample point. 


This register can be accessed 
(read/write) 
if the Reset 


Request bit is set HIGH (present).For 
further information 


on bus timing, see Sections 
13.5.9 and 13.5.18. 


7 
6 
5 


__ 
S_A_M 
__ 
' 
TSEG2.2 
I 
TSEG2.1 


4 


TSEG2.0 


3 


TSEG1.3 


2 


TSEG1.2 


1 


TSEG1.1 
o 


TSEG1.0 


BIT 
SYMBOL 
. 
FUNCTION 


7 
SAM 
Sampling. 
Ifthe 
bit SAM is: 


HIGH (3 samples), then three samples are taken. This is recommended 
for slow/medium 
speed 
buses (SAE class A and B) where filtering of spikes on the bus-line is beneficial 
(see Section 13.5.19.6) 


LOW (1 sample), the bus is sampled once. 
This is recommended 
for high speed buses (SAE class C). 


6 
TSEG2.2 
Time Segment 
1 (TSEG1) and Time Segment 2 (TSEG2). 


5 
TSEG2.1 
TSEG1 determines the number of clock cycles per bit period and the location of the sample point 


4 
TSEG2.0 
tTSEG1= tSCL (8TSEG1.3 
+ 4TSEG1.2 + 2TSEG1.1 + TSEG1.0 + 1). 


3 
TSEG1.3 
TSEG2 determines the number of clock cycles per bit period and the location of the sample point: 
2 
TSEG1.2 
tTSEG2= tSCL (4TSEG2.2 
+ 2TSEG2.1 + TSEG2.0 + 1) . 


1 
TSEG1.1 


0 
TSEG1.0 


13.5.11 
OUTPUTCOI'lTROLREGISTER(OCR) 


The Output Control Register allows, under software 
control, the set-up of different output driver configurations. 
This register can be accessed 
(read/write) 
if the Reset 
Request bit is set HIGH (present). If the CAN-controller 
is 
in the sleep mode (Sleep = HIGH) a recessive level is 
output on the CTXO and CTX1 pins. If the CAN-controller 


7 


OCTP1 


6 


OCTN1 


5 


OCPOL1 


4 


OCTPO 


is in the reset state (Reset Request = HIGH) the output 
drivers are floating. 


Tables 50 and 51, show the relationship 
between the bits 
of the Output Control Register and the two serial output 
pins CTXO and CTX1 of the P8xC592 CAN-controller, 
connected to the serial bus (see Fig.14). 


3 


OCTNO 


2 


OCPOLO 


o 


OCMODEO 


1 


OCMODE1 


BIT 
SYMBOL 
FUNCTION 


7 
OCTP1 
See Tables 51 and 52. 


6 
OCTN1 


5 
OCPOL1 


4 
OCTPO 


3 
OCTNO 


2 
OCPOLO 


1 
OCMODE1 
Output 
Mode. 


0 
OCMODEO 
These bits select the output mode; see Table 51. 


OCMODE1 
OCMODEO 
DESCRIPTION 


1 
0 
Normal 
Output 
Mode. The bit sequence 
(TXD) is sent via CTXO, CTX1. TXD is the data 


bit to be transmitted. 
The voltage levels on the output driver pins CTXO and CTX1 depend 
on both the driver characteristic 
programmed 
by OCTPx, OCTNx (float, pull-up, pUll-down, 


push-pulO and the output polarity programmed 
by OCPOLx (see Fig.17). 


1 
1 
Clock 
Output 
Mode. For the CTXO pin this is the same as in Normal Output Mode 
(CTXO: bit sequence). 
However, the data stream to CTX1 is replaced by the transmit clock 
(TXCLK). The rising edge of the transmit clock (non-inverted) 
marks the beginning of a bit 


period. The clock pulse width is tSCL. 


0 
0 
BI-phase 
Output 
Mode. In contrast to Normal Output Mode the bit representation 
is time 
variant and toggled. If the bus controllers 
are galvanically 
decoupled from the bus-line by a 


transformer, 
the bit stream is not allowed to contain a DC component. 
This is achieved by 


the following scheme. During recessive bits all outputs are deactivated 
(floating). Dominant 


bits are sent alternately on CTXO and CTX1, i.e. the first dominant bit is sent on CTXO, the 
second is sent on CTXt, 
and the third one is sent on CTXO again, etc. 


0 
1 
Test Output 
Mode. For the CTXO pin this is the same as in Normal Output Mode 
(CTXO: bit sequence). To measure the delay time of the transmitter 
and receiver this mode 
connects the output of the input comparator 
(CaMP OUT) with the input of the output driver 
CTX1. This mode is used for production testing only. 


DRIVE 
OCTPx 
OCTNx 
OCPOLx 
TXD 
TPX(1) 
TNx(2) 
CTXx(3) 


Float 
0 
0 
0 
0 
OFF 
OFF 
float 


0 
0 
0 
1 
OFF 
OFF 
float 


0 
0 
1 
0 
OFF 
OFF 
float 


0 
0 
1 
1 
OFF 
OFF 
float 


Pull-down 
0 
1 
0 
0 
OFF 
ON 
LOW 


0 
1 
0 
1 
OFF 
OFF 
float 


0 
1 
1 
0 
OFF 
OFF 
float 


0 
1 
1 
1 
OFF 
ON 
LOW 


Pull-up 
1 
0 
0 
0 
OFF 
OFF 
float 


1 
0 
0 
1 
ON 
OFF 
HIGH 


1 
0 
1 
0 
ON 
OFF 
HIGH 


1 
0 
1 
1 
OFF 
OFF 
float 


PushlPull 
1 
1 
0 
0 
OFF 
ON 
LOW 


1 
1 
0 
1 
ON 
OFF 
HIGH 


1 
1 
1 
0 
ON 
OFF 
HIGH 


1 
1 
1 
1 
OFF 
ON 
LOW 


Notes 


1. 
TPx Is the on-chip output transistor x, connected to VDD; x = 0 or 1. 


2. 
TNx is the on-chip output transistor x, connected to CVss; x = 0 or 1. 


3. 
CTXx is the serial output level on CTXO or CTX1. It is required that the output level on the CAN-bus is dominant with 
TXD = 0 and recessive with TXD = 1, see Section 13.6,1.1 "B~ representation", 


TN1 


cvss 


13.5.12 
TEST REGISTER(TR) 


The Test Register is used for production testing only. 


Reserved 
Reserved 
Map Internal 
Connect RX 
ConnectTX 
Access 
Normal 
Float Output 


Register 
Buffer 0 
BufferCPU 
Internal Bus 
RAM 
Driver 


CPU 
Connect 


13.5.13 
TRANSMITBUFFERLAYOUT 


The global layout of the Transmit 
Buffer is shown in Fig.15. This buffer serves to store a message from the CPU to be 
transmitted 
by the CAN-controller. 
It is subdivided 
into Descriptor and Data Field. The Transmit Buffer can be written to 


and read from by the CPU. 


13.5.13.1 
Descriptor 


Table 54 
Descriptor Byte 1 Register (DSCR1, address 10) 


7 
6 
5 
4 
3 
2 
1 


ID.10 
ID.9 
ID.8 
ID.7 
ID.6 
ID.5 
ID.4 


Table 55 
Descriptor 
Byte 2 Register (DSCR2, address 11) 


7 
6 
5 
4 
3 
2 
1 


ID.2 
ID.1 
ID.O 
RTR 
DLC.3 
DLC.2 
DLC.1 


o 


ID.3 


o 


DLC.O 


BIT 
SYMBOL 
FUNCTION 


DSCR1 


7 
ID.l0 
Identifier. The Identifier consists of 11 bits (ID.10 to ID.O). ID.1 0 is the most significant 


6 
ID.9 
bit, which is transmitted first on the bus during the arbitration process. The Identifier acts 


5 
ID.8 
as the messages' name, used in a receiver for acceptance filtering, and also determines 


4 
ID.7 


the bus access priority during the arbitration process. The lower the binary value of the 
Identifier the higher the priority. This is due to the larger number of leading dominant bits 
3 
ID.6 
during arbitration 
(see Section 13.6.7). 


2 
ID.5 


1 
ID.4 


0 
ID.3 


DSCR2 


7 
ID.2 
Identifier. See DSCR1. 


6 
ID.1 


5 
ID.O 


BIT 
SYMBOL 
FUNCTION 
'. 


4 
RTR 
Remote Transmission 
Request. 
If the RTR bit is: 


HIGH (remote), then the Remote Frame will be transmitted 
by the CAN-controller. 


LOW (data), then the Data Frame will be transmitted 
by the CAN-controller. 


3 
DLC.3 
Data Length 
Code (DLC). The number of bytes (Data Byte Count) in the Data Field of a message is 


2 
DLC.2 
coded by the Data Length Code. At the start of a Remote Frame transmission 
the Data Length Code 


1 
DLC.1 
is not considered 
due to the RTR bit being HIGH (remote). This forces the number of 
transmitted/received 
data bytes to be a logic O. Nevertheless, 
the Data Length Code must be 
0 
DLC.O 
specified correctly to avoid bus errors, if two CAN-controllers 
start a Remote Frame transmission 
simultaneously. 
The range of the Data Byte Count is 0 to 8 bytes and coded as follows: 


Data Byte Count = 8DLC.3 + 4DLC.2 + 2DLC.1 + DLC.O. 


For reasons of compatibility 
no Data Byte Counts other than 0,1,2, ....8 should be used. 


13.5. 13.2 
Data Field 


The number of transferred 
data bytes is determined 
by the 
Data Length Code. The first bit transmitted 
is the most 
significant 
bit of data byte 1 at address 12. 


13.5.15 
HANDLINGOFTHE CPU-CAN 
INTERFACE 


Via the four special registers CANADR, 
CANDAT, 


CANCaN 
and CANST A the CPU has access to the 


CAN-controller 
and also to the DMA-Iogic. Note that 


CANCaN 
and CANSTA have different meanings for a 


Read and Write access. 
13.5.14 
RECEIVEBUFFERLAYOLfT 


The layout of the Receive Buffer and the individual bytes 
correspond to the definitions given for the Transmit Buffer 
layout, except that the addresses start at 20 instead of 10 
(see Fig.15). 


Table 58 The SFRs between CPU and CAN 


Reserved bits are read as HIGH. R = Read; W = Write; RIW = ReadlWrite. 


CANADR 


DBH 


CAN OAT 


DAH 


RBS 


RAMAO 


13.5.15.1 
Special Function Register CANADR 


CANADR is implemented 
as a read/write register. 


7 


DMA 


5 


Autolnc 


4 


CANA4 


3 


CANA3 


2 


CANA2 


1 


CANA1 
o 


CANAO 


BIT 
SYMBOL 
FUNCTION 


7 
DMA 
DMA-Iogic controlled via bit CANADA. 7 (see Section 13.5.17). 


6 
- 
Reserved. 


5 
Autolnc 
Auto Address Increment mode controlled via bit CANADR.5 
(see Section 13.5.16). 


4 
CANA4 
The five least significant 
bits CANADA.4 
to CANADA.O define the address of one of the 


3 
CANA3 
CAN-controller 
internal registers to be accessed via CANDAT. For instance, after an external 


2 
CANA2 
hardware (e.g. power-on) reset CANADR contains the value 64H, and hence the CPU accesses 
(read/write) the Acceptance 
Code register of the CAN-controller, 
via the SFR CANDAT. 


1 
CANA1 


0 
CANAO 


13.5.15.2 
Special Function Register CANDAT 


CANDAT is implemented 
as a read/write register. 


7 


CAND7 


6 


CAND6 


5 


CAND5 


4 


CAND4 


3 


CAND3 


2 


CAND2 


1 


CAND1 
o 


CANDO 


BIT 
SYMBOL 
FUNCTION 


7 
CAND7 
The SFR CANDAT appears as a port to the CAN-controller 
internal register (memory location) being 
to 
to 
selected by CANADA. 
Reading or writing CANDAT is effectively an access to that CAN-controller 
0 
CANDO 
internal register, which is selected by CANADA. 


13.5.15.3 
Special Function Register CANCON 


Table 63 SFR CAN CON in Read access (address D9H) 


4 


WUI 


Table 64 Description 
of the CAN CON bits in Read access 


When reading CANCON the Interrupt Register of the CAN-controller 
is accessed. 


BIT 
SYMBOL 
FUNCTION 


7 
- 
Reserved; bits are read as HIGH. 


6 
- 
5 
- 


4 
WUI 
Wake-Up Interrupt (see Table 39). 


3 
01 
Overrun Interrupt (see Table 39). 
- 


2 
EI 
Error Interrupt (see Table 39). 


1 
TI 
Transmit Interrupt (see Table 39). 


0 
RI 
Receive Interrupt (see Table 39). 
. 


7 
6 
5 
4 
3 
2 
1 
0 


__ 
RX_O_A_~C 
RX_l_A_~_W_U_M 
S_LP_~~_C_O_S 
R_R_B_~ 
__ 
A_:r 
T_R__ 


Table 66 Description 
of the CAN CON bits in Wrne access 


When writing to CAN CON then the Command 
Register of the CAN-controller 
is accessed. 


BIT 
SYMBOL 
FUNCTION 


7 
RXOA 
RXO Active (see Table 34). 


6 
RX1A 
RX1 Active (see Table 34). 
. 


5 
WUM 
Wake-Up Mode (see Table 34). 


4 
SLP 
Sleep (see Table 34). 


3 
COS 
Clear Overrun Status (see Table 34). 


2 
RRB 
Release Receive Buffer (see Table 34). 


1 
AT 
Abort Transmission 
(see Table 34). 


0 
TR 
Transmission 
Request (see Table 34). 


13.5.15.4 
Special Function Register CANSTA 


CANSTA is implemented 
as a bit-addressable 
read/write 
register. 
The bit addresses 
of CANSTA 
(7 to 0) are DFH to D8H. 


3 


TCS 


2 


TBS 


o 


RBS 


Table 68 Description 
of the CANCON bits in Read access 


When reading CANSTA the Status Register of the CAN-controller 
is accessed. 


BIT 
SYMBOL 
FUNCTION 


7 
BS 
Bus Status (see Table 37). 
• 


6 
ES 
Error Status (see Table 37). 


5 
TS 
Transmit Status (see Table 37). 


4 
RS 
Receive Status (see Table 37). 


3 
TCS 
Transmission 
Complete Status (see Table 37). 


2 
TBS 
Transmit Buffer Access (see Table 37). 


1 
DO 
Data Overrun (see Table 37). 


0 
RBS 
Receive Buffer Status (see Table 37). 


7 


RAMA7 


6 


RAMA6 


5 


RAMA5 


4 


RAMA4 


3 


RAMA3 


2 


RAMA2 


o 


RAMAO 


Table 70 Description 
of the CANSTA bits in Write access 


Writing to CANST A sets the address of the on-chip MAIN RAM (internal Data Memory) for a subsequent 
DMA transfer. 


W 


ITSYMBOL 
I 
FUNCTION 
I 
7 
RAMA7 
to 
to 
o 
RAMAO 
----------------------------------- 


13.5.16 
AlITO ADDRESSINCREMENT 


With the Auto Address Increment 
mode a fast stack-like 


reading and writing of CAN-controller 
internal registers is 


provided. If the bit CANADA.5 
(Autolnc) is HIGH, the 


content of CANADR is incremented automatically 
after any 


read or write access to CANDAT. 
For instance, loading a 


message into the Transmit 
Buffer can be done by writing 


2AH into CANADR and then moving byte by byte of the 
message to CANDAT. 
Incrementing 
CANADR beyond 


XX111111 B resets the bit CANADA.5 
(Autolnc) 


automatically 
(CANADR = XXOOOOOOB). 


13.5.17 
HIGH SPEEDDMA 


The DMA-Iogic allows you to transfer a complete message 
(up to 10 bytes) between CAN-controller 
and MAIN RAM 


in 2 instruction 
cycles at maximum; 
up to 4 bytes are 


transferred 
in 1 instruction cycle. The performance 
of the 


CPU is strongly enhanced 
because this very fast transfer 


is carried out in the background. 


A DMA transfer is achieved by first writing the RAM 
address (OOHto FFH) into CANSTA and then setting the 
TX- or RX-Buffer address in CANDR and the bit 
CANADA. 7 (DMA) simultaneously; 
the RAM address 


points to the location of the first byte to be transferred. 
Setting the DMA bit causes an automatic evaluation of the 
Data Length Code and then the transfer; for a TX-DMA 
transfer the Data Length Code is expected at the location 
'RAM address +1 '. 


In order to program a TX-DMA transfer the value 8AH 
(address 10) has to be written into CANADA. 
Then a 


complete message, consisting of the 2-byte Descriptor 
and the Data Field (0 to 8 bytes), starting at location 
'RAM address' 
is transferred 
to the TX-Buffer. 


The RX-DMA transfer is very versatile. By writing a value 
in the range of 94H (address 20) up to 9DH (address 29) 
into CANADR the whole or a part of the received message, 
starting at the specified address, Is transferred 
to the 


internal Data Memory. This allows e.g. to transfer the bytes 
of the Data Field only. 


After a successful 
DMA transfer the DMA-bit is reset. 


During a DMA transfer the CPU can process the next 
instruction. 
However, an access to the Data Memory, 


CANADR, CANDAT, CAN CON or CANSTA is not allowed. 
After having set the DMA-bit, every interrupt is disabled 
until the end of the transfer. Note, that disadvantageous 
programming 
may lead to an interrupt response time of at 
most 10 instruction cycles. The shortest interrupt response 
time is achieved by using 2 consecutive 
1-cycle 


instructions 
directly after setting the DMA-bit. 


During the reset state (bit Reset Request is HIGH) a DMA 
transfer is not possible. 


13.5.18 
Bus TIMING/SYNCHRONIZATION 


The Bus Timing Logic (BTL) monitors the serial bus-line 
via the on-chip input comparator 
and performs the 


following functions 
(see Section 13.4): 


• Monitors the serial bus-line level 


• Adjusts the sample point, within a bit period 


(programmable) 


• Samples the bus-line level using majority logic 


(programmable, 
1 or 3 samples) 


• Synchronization 
to the bit stream: 


- 
hard synchronization 
at the start of a message 


- 
resynchronization 
during transfer of a message. 


The configuration 
of the BTL is performed during the 


initialization 
of the CAN-controller. 
The BTL uses the 


following three registers: 


• Control Register (Sync) 


• Bus Timing Register 0 


• Bus Timing Register 1. 


13.5.19 
BIT TIMING 


A bit period is built up from a number of system clock 
cycles (!scJ, 
see Section 13.5.9. 


One bit period is the result of the addition of the 
programmable 
segments TSEG1 and TSEG2 and the 


general segment SYNCSEG. 


13.5.19.1 
Synchronization 
Segment (SYNCSEG) 


The incoming edge of a bit is expected during this state; 
this state corresponds to one system clock cycle (1 x tscLl. 


transmit 
point t-l 


1 clock cycle (tSCL) 


(a) As defined 
by the CAN-protocol. 


(b) As implemented 
in the P8xC592's 
on-chip 
CAN-<:ontroller. 


t 


sample 
point 


t 
sample 
point 


13.5.19.2 
Time Segment 1 (TSEG1) 


This segment determines the location of the sampling 
point within a bit period, which is at the end of TSEG1. 
TSEG1 is programmable 
from 1 to 16 system clock cycles 


(see Section 13.5.10). 


The correct location of the sam pie point is essential for the 
correct functioning 
of a transmission. 
The following points 


must be taken into consideration: 


• A Start-Of-Frame 
(see Section 13.6.2) causes all 


CAN-controllers 
to perform a 'hard synchronization' 
(see Section 13.5.20) on the first recessive-to-dominant 
edge. 
During arbitration, 
however, several CAN-controllers 


may simultaneously 
transmit. Therefore 
it may require 


twice the sum of bus-line, input comparator 
and the 


output driver delay times until the bus is stable. 
This is the propagation 
delay time. 


• To avoid sampling at an incorrect position, it is 


necessary to include an additional synchronization 
buffer on both sides of the sample point. 
The main reasons for incorrect sampling are: 


Incorrect synchronization 
due to spikes on the 


bus-line 


- 
Slight variations 
in the oscillator frequency 
of each 


CAN-controller 
in the network, which results in a 


phase error. 


• Time Segment 1 consists of the segment for 


compensation 
of propagation 
delays and the 


synchronization 
buffer segment directly before the 


sample point (see Fig.18). 


13.5.19.3 
Time Segment 2 (TSEG2) 


This time segment provides: 


• Additional time at the sample point for calculation of the 


subsequent 
bit levels (e.g. arbitration) 


• Synchronization 
buffer segment directly after the 


sample point. 


TSEG2 is programmable 
from 1 to 8 system clock cycles 


(see Section 13.5.10). 


13.5.19.4 
Synchronisation 
Jump Width (SJW) 


SJW defines the maximum number of clock cycles (tscJ a 
period may be reduced or increased by one 
resynchronization. 
SJW is programmable 
from 1 to 4 
system clock cycles, see Section 13.5.2. 


13.5.19.5 
Propagation 
Delay Time (tpro,,) 


The Propagation 
Delay Time is: 


tprop 
= 2 x (physical 
bus delay 


+ input comparator 
delay 


+ output driver delay). 


13.5.19.6 
Bit Timing Restrictions 


Restrictions on the configuration 
of the bit timing are based 


on internal processing. The restrictions are: 


• tTSEG2'" 2tSCL 


• tTSEG2'" tSJw 


• tTSEG1'" tSEG2 


• tTSEG1'" tSJw + !prop' 


The three sample mode (SAM = HIGH) has the effect of 
introducing 
a delay of one system clock cycle on the 


bus-line. This must be taken into account for the correct 
calculation 
ofTSEG1 
and TSEG2: 


• tTSEG1'" tSJw + tprop + 2tSCL 


• tTSEG2'" 3tSCL· 


13.5.20 
SYNCHRONIZATION 


Synchronization 
is performed 
by a state machine which 


compares the incoming edge with its actual bit timing and 
adapts the bit timing by hard synchronization 
or 


resynchronization. 


This type of synchronization 
occurs only at the beginning 


of a message. 


The CAN-controller 
synchronizes 
on the first incoming 


recessive-to-dominant 
edge of a message 
(being the 


leading edge of a message's 
Start-at-Frame 
bit; 


see Section 13.6.2. 


Resynchronization 
occurs during the transmission 
of a 


message's 
bit stream to compensate 
for: 


• Variations 
in individual CAN-controller 
oscillator 
frequencies 


• Changes introduced by switching from one transmitter 
to another (e.g. during arbitration). 


As a result of resynchronization 
either tTSEG1may be 


increased by up to a maximum of tSJWor tTSEG2may be 
decreased 
by up to a maximum 
of tsJw: 


• lTSEG1StscL [(TSEG1 + 1) + (SJW + 1)] 


• tTSEG2'" tscL [(TSEG2 + 1) - (SJW + 1)]. 


TSEG1, TSEG2 and SJW are the programmed 
numerical 


values. 


The phase error (e) of an edge is given by the position of 
the edge relative to SYNCSEG, 
measured in system clock 


cycles (tscJ. 


The value of the phase error is defined as: 


• e = 0, if the edge occurs within SYNCSEG 


• e > 0, if the edge occurs within TSEG1 


• e < 0, if the edge occurs within TSEG2. 


The effect of resynchronization 
is: 


• The same as that of a hard synChronization, 
if the 


magnitude of the phase error (e) is less or equal to the 
programmed 
value of tSJW 


• To increase a bit period by the amount of tSJw, if the 


phase error is positive and the magnitude 
of the phase 


error is larger than tSJw 


• To decrease a bit period by the amount of !SJw, if the 


phase error is negative and the magnitude 
of the phase 


error is larger than tSJw. 


13.5.20.1 
Synchronization Rules 


The synchronization 
rules are as follows: 


Only one synchronization 
within one bit time is used. 


An edge is used for synchronization 
only if the value 


detected at the previous sample point differs from the 
bus value immediately 
after the edge. 


Hard synchronization 
is performed whenever there is a 


recessive-to-dominant 
edge during Bus-Idle 


(see Section 13.6.6). 


All other edges (recessive-to-dominant 
and optionally 


dominant-to 
recessive edges if the Sync bit is set HIGH 
(see Section 13.5.3) which are candidates for 
resynchronization 
will be used with the following 


exception: 


- 
A transmitting 
CAN-controller 
will not perform a 


resynchronization 
as a result of a 


recessive-ta-dominant 
edge with positive phase 


error, if only these edges are used for 
resynchronization. 
This ensures that the delay times 


of the output driver and input comparator 
do not 


cause a permanent 
increase in the bit time. 


13.6 
CAN 2.0A Protocol description 


13.6.1 
FRAMETYPES 


The P8xC592's 
CAN-controller 
supports the four different 


CAN-protocol 
frame types for communication: 


• Data Frame, to transfer data 


• Remote Frame, request for data 


• Error Frame, globally signal a (locally) detected error 


condition 


• Overload Frame, to extend delay time of subsequent 


frames (an Overload 
Frame is not initiated by the 


PaxC592 CAN-controller). 


13.6.1.1 
Bit representation 


There are two logical bit representations 
used in the 


CAN-protocol: 


• A recessive 
bit on the bus-line appears only if all 


connected 
CAN-controllers 
send a recessive bit at that 


moment. 


• Dominant bits always overwrite recessive bits Le. the 


resulting bit level on the bus-line is dominant. 


A Data Frame carries data from a transmitting 
CAN-controller 
to one or more receiving ones. 
A Data Frame is composed 
of seven different bit-fields: 


• Start-Of-Frame 


• Arbitration 
Field 


• Control Field 


• Data Field (may have a length of zero) 


• CRC Field (CRC = Cyclic Redundancy 
Code) 


• Acknowledge 
Field 


• End-Of-Frame. 


Signals the start of a Data Frame or Remote Frame. 
It consists of a single dominant bit use for hard 
synchronization 
of a CAN-controller 
in receive mode. 


13.6.2.2 
Arbitration Field 


Consists of the message Identifier and the RTR bit. In the 
case of simultaneous 
message transmissions 
by two or 


more CAN-controllers 
the bus access conflict is solved by 


bit-wise arbitration, which is active during the transmission 
of the Arbitration 
Field. 


13.6.2.3 
Identifier 


This 11-bit field is used to provide information 
about the 


message, as well as the bus access priority. It is 
transmitted 
in the order 10.10 to 10.0 (LSB). The situation 


that the seven most significant 
bits (10.10 to 10.4) are all 


recessive must not occur. 


An Identifier does not define which particular 
CAN-controller 
will receive the frame because a CAN 


based communication 
network does not differentiate 


between a point-to-point, 
multicast or broadcast 


communication. 


13.6.2.4 
RTR bit 


A CAN-controller, 
acting as a receiver for certain 


information 
may initiate the transmission 
of the respective 


data by transmitting 
a Remote Frame to the network, 
addressing the data source via the Identifier and setting 
the RTR bit HIGH (remote; recessive bus level). If the data 
source simultaneously 
transmits a Data Frame containing 


the requested data, it uses the same Identifier. No bus 
access conflict occurs due to the RTR bit being set LOW 
(data; dominant bus leveQ in the Data Frame. 


13.6.2.5 
Control Field 


This field consists of six bits. It includes two reserved bits 
(for future expansions 
of the CAN-protocol), 
transmitted 


with a dominant bus level, and is followed 
by the Data 


Length Code (4 bits). 
The number of bytes (destuffed; number of data bytes to 
be transmitted/received) 
in the Data Field is indicated by 


the Data Length Code. Admissible 
values of the Data 


Length Code, and hence the number of bytes In the 
(destuffed) 
Data Field, are {D, 1, ....• 8}. A logic D (logic 1) 


in the Data Length Code Is transmitted 
as dominant 


(recessive) 
bus level. respectively. 


13.6.2.6 
Data Field 


The data, stored within the Data Field of the Transmit 
Buffer, are transmitted 
according tothe Data Length Code. 
Conversely, 
data of a received Data Frame will be stored 


in the Data Field of a Receive Buffer. The Data Field can 
contain from D up to 8 bytes. The most significant bit of the 
first data byte (lowest address) is transmitted/received 
first. 


13.6.2.7 
Cyclic Redundancy Code Field (CRC) 


The CRC Field consists of the CRC Sequence 
(15 bits) 
and the CRC Delimiter (1 recessive bit). The Cyclic 
Redundancy 
Code (CRG) encloses the destuffed bit 


stream of the Start-Of-Frame, 
Arbitration 
Field, Data Field 


and CRC Sequence. 
The most significant 
bit of the CRC 


Sequence 
is transmitted/received 
first. This frame check 


sequence, 
implemented 
in the CAN-controller 
is derived 


from a cyclic redundancy 
code best suited for frames with 


a total bit count of less than 127 bits, see Section 13.6.8.3. 
With Start-Of-Frame 
(dominant bit) included in the code 


word, any rotation of the code word can be detected by the 
absence of the CRC Delimiter (recessive bit). 


13.6.2.8 
Acknowledge Field (ACK) 


The Acknowledge 
Field consists of two bits. the 


Acknowledge 
Slot and the Acknowledge 
Delimiter. which 


are transmitted 
with a recessive level by the transmitter 
of 
the Data Frame. All CAN-controllers 
having received the 


matching CRC Sequence, 
report this by overwriting 
the 


transmitter's 
recessive bit in the Acknowledge 
Slot with a 


dominant bit. Thereby a transmitter, 
still monitoring the bus 


level recognizes that at least one receiver within the 
network has received a complete and correct message 
(i.e. no error was found). The Acknowledge 
Delimiter 


(recessive bit) is the second bit of the Acknowledge 
Field. 


As a result, the Acknowledge 
Slot is surrounded 
by two 


recessive bits: the CRC Delimiter and the Acknowledge 
Delimiter. 


All nodes within a CAN network may use all the information 
coming to the network by all CAN-controllers 
(shared 


memory concept). Therefore. 
acknowledgement 
and error 


handling are defined to provide all information 
in a 


consistent way throughout 
this shared memory. Hence, 


there is no reason to discriminate 
different receivers of a 


message in the acknowledge 
field. If a node Is 


disconnected 
from the network due to bus failure, this 


particular node is no longer part of the shared memory. To 
identify a 'lost node' additional 
and application 
specific 


precautions 
are required. 


13.6.2.9 
End-Of-Frame 


Each Data Frame or Remote Frame is delimited by the 
End-Of-Frame 
bit sequence which consists of seven 


recessive bits (exceeds the bit stuff width by two bits). 
Using this method a receiver detects the end of a frame 
independent 
of a previous transmission 
error because the 


receiver expects all bits up to the end of the CRC 
Sequence to be coded by the method of bit-stuffing, 
see 


Section 13.6.7.3. The bit-stuffing 
logic is deactivated 


during the End-Of-Frame 
sequence. 
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13.6.3 
REMOTEFRAME 


A CAN-controller 
acting as a receiver for certain 


information 
may initiate the transmission 
of the respective 


data by transmitting 
a Remote Frame to the network, 
addressing the data source via the Identifier and setting 
the RTR bit HIGH (remote; recessive bus level). The 
Remote Frame is similar to the Data Frame with the 
following exceptions: 


• RTR bit is set HIGH 


• Data Length Code is ignored 


• No Data Field contained. 


Note that the value of the Data Length Code should be the 
one of the corresponding 
Data Frame, although it is 


ignored for a Remote Frame. 


A Remote Frame is composed 
of six different bit fields: 


• Start-of-Frame 


• Arbitration 
Field 


• Control Field 


• CRC Field 


• Acknowledge 
Field 


• End-of-Frame. 


See Section 13.6.2 for more detailed explanation 
of the 


Remote Frame bit fields. 


13.6.4 
ERRORFRAME 


The Error Frame consists of two different fields: 


• The first field, accomplished 
by the superimposing 
of 
Error Flags contributed from different CAN-controllers 


• The second field is the Error Delimiter. 


13.6.4.1 
Error Flag 


There are two forms of an Error Flag: 


• Active Error Flag, consists of six consecutive 


dominant bits. 


• Passive Error Flag, consists of six consecutive 


recessive bits unless it is overwritten 
by dominant bits 


from other CAN-controllers. 


An error-active 
CAN-controller 
(see Section 13.6.9) 


detecting an error condition signals this by transmission 
of 


an Active Error Flag. This Error Flag's form violates the 
bit-stuffing 
rule (see Section 13.6.7) applied to all fields, 


from Start-Of-Frame 
to CRC Delimiter, or destroys the 


fixed form of the fields Acknowledge 
Field or 


End-of-Frame 
(see Fig.20). 


Consequently, 
all other CAN-controllers 
detect an error 


condition and start transmission 
of an Error Flag. 


Therefore the sequence 
of dominant bits, which can be 


monitored on the bus, results from a superposition 
of 


different Error Flags transmitted 
by individual 


CAN-controllers. 
The total length of this sequence varies 


between six (minimum) and twelve (maximum) 
bits. 


An error-passive 
CAN-controller 
(see Section 13.6.9) 


detecting an error condition tries to signal this by 
transmission 
of a Passive Error Flag. The error-passive 


CAN-controller 
waits for six consecutive 
bits with identical 


polarity, beginning at the start of the Passive Error Flag. 
The Passive Error Flag is complete when these six 
identical bits have been detected. 


13.6.4.2 
Error Delimiter 


The Error Delimiter consists of eight recessive bits and has 
the same format as the Overload 
Delimiter. After 


transmission 
of an Error Flag, each CAN-controller 


monitors the bus-line until it detects a transition from a 
dominant-to-recessive 
bit level. At this point in time, every 


CAN-controller 
has finished sending its Error Flag and has 


additionally 
sent the first out of the 8 recessive bits of the 


Error Delimiter. Afterwards all CAN-controllers 
transmit the 


remaining recessive bits. After this event and an 
Intermission 
Field all error-active 
CAN-controllers 
within 


the network can start a transmission 
simultaneously. 


If a detected error is signalled during transmission 
of a 


Data Frame or Remote Frame, the current message is 
spoiled and a retransmission 
of the message is initiated. 


If a CAN-controller 
monitors any deviation of the Error 


Frame, a new Error Frame will be transmitted. 
Several 


consecutive Error Frames may result in the CAN-controller 
becoming error-passive 
and leaving the network 


unblocked. 


In order to terminate 
an Error Flag correctly, an 


error-passive 
CAN-controller 
requires the bus to be 


Bus-Idle (see Section 13.6.6) for at least three bit periods 
(if there is a local error at an error-passive-receiver). 
Therefore 
a CAN-bus should not be 100% permanently 


loaded. 
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13.6.5 
OVERLOADFRAME 


The Overload Frame consists of two fields: 


• The Overload Flag 


• The Overload Delimiter. 


The transmission 
of an Overload Frame may only start: 


• Condition 
1; during the first bit period of an expected 


Intermission 
Field. 


• Condition 2; one bit period after detecting the dominant 


bit during Intermission 
Field. 


The P8xC592's on-chip CAN-controller 
will never initiate 


transmission 
of a condition 1 Overload Frame and will only 


react on a transmitted 
condition 2 Overload Frame, 
according to the CAN-protocol. 
No more than two 


Overload Frames are generated to delay a Data Frame or 
a Remote Frame. Although the overall form of the 
Overload Frame corresponds 
to that of the Error Frame, 
an Overload Frame does not initiate or require the 
retransmission 
of the preceding frame. 


13.6.5.1 
Overload Flag 


The Overload Flag consists of six dominant bits and has a 
similar format to the Error Flag. 


There are two conditions 
in the CAN-protocol 
which lead 


to the transmission 
of an Overload Flag: 


• Condition 
1; receiver circuitry requires more time to 


process the current data before receiving the next frame 
(receiver not ready). 


• Condition 2; detection of a dominant bit during 


Intermission 
Field (see Section 13.6.6). 


The Overload Flag's form corrupts the fixed form of the 
Intermission 
Field. All other CAN-controllers 
detecting the 


overload condition also transmit an Overload Flag 
(condition 2). 


13.6.5.2 
Overload Delimiter 


The Overload Delim iter consists of eight recessive bits and 
takes the same form as the Error Delimiter. After 
transmission 
of an Overload 
Flag, each CAN-controller 


monitors the bus-line until it detects a transition from a 
dominant-to-recessive 
bit level. At this point in time, every 


CAN-controller 
has finished sending its Overload Flag and 


all CAN-controllers 
start simultaneously 
transmitting seven 


more recessive bits. 


Data Frames and Remote Frames are separated from 
preceding frames (all types) by an Inter-Frame 
Space, 


consisting of an Intermission 
Field and a Bus-Idle. 


Error-passive 
CAN-controllers 
also send a Suspend 


Transmission 
(see Section 13.6.9) after transmission 
of a 


message. Overload Frames and Error Frames are not 
preceded by an Inter-Frame 
Space. 


13.6.6.1 
Intermission Field 


The Intermission 
Field consists of three recessive bits. 


During an Interm ission period, no frame transm issions will 
be started by the P8xC592's on-chip CAN-controller. 
An 


Intermission 
is required to have a fixed time period to allow 


a CAN-controller 
to execute internal processes prior to the 


next receive or transm it task. 


13.6.6.2 
Bus-Idle 


The Bus-Idle time may be of arbitrary length (min. 0 bit). 
The bus is recognized 
to be free and a CAN-controller 


having information to transmit may access the bus. The 
detection of a dominant bit level during Bus-Idle on the bus 
is interpreted as the Start-Of-Frame. 


13.6.7 
Bus ORGANIZATION 


Bus organization 
is based on five basic rules described in 


the following subsections. 


13.6.7. 1 
Bus Access 


CAN-controllers 
only start transmission 
during the 


Bus-Idle state. All CAN-controllers 
synchronize 
on the 


leading edge of the Start-Of-Frame 
(hard synchronization). 


13.6.7.2 
Bus Arbftration 


If two or more CAN-controllers 
simultaneously 
start 


transmitting, the bus access conflict is solved by a bit-wise 
arbitration process during transmission 
of the Arbitration 


Field. 


During arbitration every transmitting 
CAN-controller 
compares 
its transmitted 
bit level with the monitored 
bus 


level. Any CAN-controller 
which transmits a recessive bit 


and monitors a dominant bus level immediately 
becomes 


the receiver of the higher-priority 
message on the bus 


without corrupting any information 
on the bus. Each 


message contains an unique Identifier and a RTR bit 
describing the type of data within the message. The 
Identifier together with the RTR bit implicitly define the 
message's bus access priority. During arbitration the most 
significant bit of the Identifier is transmitted 
first and the 


RTR bit last. The message with the lowest binary value of 
the Identifier and RTR bit has the highest priority. A Data 
Frame has higher priority than a Remote Frame due to its 
RTR bit having a dominant level. 


For 13veryData Frame there is an unique transmitter. 
For 


reasons of compatibility 
with other CAN-bus controllers, 


use of the Identifier bit pattern ID = 1111111 XXXXB 
(X b,eing bits of arbitrary leveQ is forbidden. 


The number of available different Identifiers: 


(211_24) 
= 2032. 


13.6.7.3 
Coding/Decoding 


The following bit fields are coded using the bit-stuffing 
technique: 


• Start-Of-Frame 


• Arbitration 
Field 


• Control Field 


• Data Field 


• CRC Sequence. 


When a transmitting 
CAN-controller 
detects five 


consecutive 
bits of identical polarity to be transmitted, 
a 


complementary 
(stuff) bit is inserted into the transmitted 


bit-stream. 


When a receiving CAN-controller 
has monitored five 


consecutive 
bits with identical polarity in the received bit 


streams of the above described 
bit fields, it automatically 


deletes the next received (stuff) bit. The level of the 
deleted stuff bit has to be the complement 
of the previous 
bits; otherwise a Stuff Error will be detected and signalled 
(see Section 13.6.8). 


The remaining bit fields or frames are of fixed form and are 
not coded or decoded by the method of bit-stuffing. 


The bit-stream in a message is coded according to the 
Non-Return-to-Zero 
(NRZ) method, i.e. during a bit period, 


the bit level is held constant, either recessive or dominant. 


13.6.7.4 
Error Signalling 


A CAN-controller 
which detects an error condition, 
transmits an Error Flag. Whenever 
a Bit Error, Stuff Error, 
Form Error or an Acknowledgement 
Error is detected, 


transmission 
of an Error Flag is started at the next bit. 


Whenever 
a CRC Error is detected, transmission 
of an 


Error Flag starts at the bit following the Acknowledge 
Delimiter, unless an Error Flag for another error condition 
has already started. An Error Flag violates the bit-stuffing 
law or corrupts the fixed form bit fields. A violation of the 
bit-stuffing law affects any CAN-controller 
which detects 


the error condition. These devices will also transmit an 
Error Flag. 


An error-passive 
CAN-controller 
(see Section 13.6.9) 
which detects an error condition, transmits a Passive Error 
Flag. A Passive Error Flag is not able to interrupt a current 
message at different CAN-controllers 
but this type of Error 


Flag may be ignored (overwritten) 
by other 


CAN-controllers. 
After having detected an error condition, 
an error-passive 
CAN-controller 
will wait for six 


consecutive 
bits with identical polarity and when 


monitoring them, interpret them as an Error Flag. 


After transmission 
of an Error Flag, each CAN-controller 


monitors the bus-line until it detects a transition from a 
dominant-to-recessive 
bit level. At this point in time, every 


CAN-controller 
has finished transmitting 
its Error Flag and 


all CAN-controllers 
start transmitting 
seven additional 


recessive bits (Error Delimiter, see Section 13.6.4). 


The message format of a Data Frame or Remote Frame is 
defined in such a way that all detectable errors can be 
signalled within the message transmission 
time and 


therefore it is very simple for the CAN-controllers 
to 


associate an Error Frame to the corresponding 
message 


and to initiate retransmission 
of the corrupted message. If 
a CAN-controller 
monitors any deviation of the fixed form 


of an Error Frame, it transmits a new Error Frame. 


13.6.7.5 
Overload Signalling 


Some CAN-controllers 
(but not the one on-chip of the 


P8xC592) require to delay the transmission 
of the next 


Data Frame or Remote Frame by transmitting 
one or more 


Overload Frames. The transmission 
of an Overload Frame 


must start during the first bit of an expected Intermission 
Field. Transmission 
of Overload Frames which are 


reactions on a dominant bit during an expected 
Intermission 
Field, start one bit after this event. 


Though the format of Overload Frame and Error Frame are 
identical, they are treated differently. Transmission 
of an 


Overload Frame during Intermission 
Field does not initiate 


the retransmission 
of any previous Data Frame or Remote 


Frame. If a CAN-controller 
which transmitted 
an Overload 


Frame monitors any deviation of its fixed form, it transmits 
an Error Frame. 


13.6.8 
ERRORDETECTION 


The processes described in Sections 13.6.8.1 to 13.6.10.3 
are implemented 
in the P8xC592's on-chip CAN-controller 


for error detection. 


13.6.8.1 
Bit Error 


A transmitting 
CAN-controller 
monitors the bus on a 


bit-by-bit basis. If the bit level monitored is different from 
the transmitted 
one, a Bit Error is signalled. 


The exceptions 
being: 


• During the Arbitration 
Field, a recessive bit can be 


overwritten 
by a dominant bit. In this case, the 


CAN-controller 
interprets this as a loss of arbitration. 


• During the Acknowledge 
Slot, only the receiving 


CAN-controllers 
are able to recognize a Bit Error. 


13.6.8.2 
Stuff Error 


The following bit fields are coded using the bit-stuffing 
technique: 


• Start-Of-Frame 


• Arbitration 
Field 


• Control Field 


• Data Field 


• CRC Sequence. 


There are two possible ways of generating 
a Stuff Error: 


• A disturbance 
generates more than the allowed five 


consecutive 
bits with identical polarity. These errors are 


detected by all CAN-controllers. 


• A disturbance falsifies one or more of the five bits 


preceding the stuff bit. This error situation 
is not 


recognized 
as a Stuff Error by the receivers. Therefore, 


other error detection processes may detect this error 
condition such as: 


CRC check, format violation at the receiving 
CAN-controllers, 
or 


Bit Error detection by the transmitting 
CAN-controller. 


13.6.8.3 
CRC Error 


To ensure the validity of a transmitted 
message all 


receivers perform a CRC check. Therefore, 
in addition to 


the (destuffed) information 
digits (Start-of-Frame 
up to 


Data Field), every message includes some control digits 
(CRC Sequence; 
generated by the transmitting 


CAN-controller 
of the respective message) used for error 


detection. 


The code used by all CAN·controliers 
is a (shortened) 


BCH code, extended by a parity check and has the 
following attributes: 


• 127 bits as maximum 
length of the code. 


• 112 bits as maximum 
number of information 
digits 


(max. 83 bits are used by the CAN-controller). 


• Length of the CRC Sequence 
amounts to 15 bits. 


• Hamming distance d = 6. 


As a result, '(d-l)' 
random errors are detectable 
(some 


exceptions 
exist). 


The CRC Sequence 
is determined 
(calculated) 
by the 


following 
procedure: 


1. 
The destuffed bit stream consisting of Start·Of-Frame 
up to the Data Field (if present) is interpreted as 
polynomial with coefficients 0 or 1. 


2. 
This polynomial 
is divided (moduI0-2) by the following 


generator polynomial, 
which includes a parity check: 


f(x) = 
(X14 + x9 + x8 + x6 + x5 + x4 + x2 + X + 1) 


(x + 1) = 1100010110011001 
B. 


3. 
The remainder of this polynomial 
division is the 


CRC Sequence. 


Burst errors are detected up to a length of 15 
[degree off(x)]. 
Multiple errors (number of disturbed bits at 


least d = 6) are not detected with a residual error 
probability of 2-15 (3 x 10-5) by CRC check only. 


13.6.8.4 
Form Error 


Form Errors result from violations 
of the fixed form of the 


following 
bit fields: 


• CRC Delimiter 


• Acknowledge 
Delimiter 


• End-of-Frame 


• Error Delimiter 


• Overload Delimiter. 


During the transmission 
of these bit fields 
an error 


condition is recognized 
if a dominant bit level instead of a 


recessive one is detected. 


13.6.8.5 
Acknowledgement 
Error 


This is detected by a transmitter whenever 
it does not 


monitor a dominant bit during the Acknowledge 
Slot. 


13.6.8.6 
Error detection by an Error Flag from 
another CAN-controller 


The detection of an error is signalled by transmitting 
an 


Error Flag. An Active Error Flag causes a Stuff Error, a Bit 
Error or a Form Error at all other CAN-controllers. 


13.6.8.7 
Error Detection Capabilities 


Errors which occur at all CAN-controllers 
(global errors) 


are 100% detected. For local errors, i.e. for errors 
occurring at some CAN-controllers 
only, the shortened 


BCH code, extended by a parity check, has the following 
error detection capabilities: 


• Up to five single Bit Errors are 100% detected, even if 


they are distributed 
randomly within the code. 


• All single Bit Errors are detected if their total number 


(within the code) is odd. 


• The residual error probability ofthe CRC check amounts 


to (3 x 10-5). As an error may be detected not only by 
CRC check but also by other detection processes 
described above the residual error probability is several 
magnitudes 
less than (3 x 10-5). 


13.6.9.1 
Bus-OFF 


A CAN-controller 
which has too many unsuccessful 


transmissions, 
relative to the number of successful 


transmissions, 
will enter the Bus-OFF state. It remains in 


this state, neither receiving nor transmitting 
messages 


until the Reset Request bit is set LOW (absent) and both 
Error Counters set to 0 (see Section 13.6.10). 


13.6.9.2 
Acknowledge 


A CAN-controller 
which has received a valid message 


correctly, indicates this to the transmitter 
by transmitting 
a 


dominant bit level on the bus during the Acknowledge 
Slot, 


independent 
of accepting or rejecting the message. 


13.6.9.3 
Error-Active 


An error-active CAN-controller 
in its normal operating state 


is able to receive and to transmit normally and also to 
transmit an Active Error Flag (see Section 13.6.10). 


13.6.9.4 
Error-Passive 


An error-passive 
CAN-controller 
may transmit or receive 


messages normally. In the case of a detected error 
condition it transmits 
a Passive Error Flag instead of an 


Active Error Flag. Hence the influence on bus activities by 
an error-active 
CAN-controller 
(e.g. due to a malfunction) 


is reduced. 


13.6.9.5 
Suspend Transmission 


After an error-passive 
CAN-controller 
has transmitted 
a 


message, it sends eight recessive bits after the 
Intermission 
Field and then checks for Bus-Idle. If during 


Suspend Transmission 
another CAN-controller 
starts 


transmitting 
a message the suspended CAN-controller 
will 


become the receiver of this message; otherwise being in 
Bus-Idle it may start to transmit a further message. 


13.6.9.6 
Start-Up 


A CAN-controller 
which either was switched off or in the 


Bus-OFF state, must run a Start-Up routine in order to: 


• Synchronize with other available CAN-controllers 
before 


starting to transmit. Synchronization 
is achieved, when 


11 recessive bits, equivalent to Acknowledge 
Delimiter, 


End-Of-Frame 
and Intermission 
Field, have been 


detected (Bus-Free). 


• Wait for other CAN-controllers 
without passing into the 


Bus-OFF state (due to a missing acknowledge), 
if there 


is no other CAN-controller 
currently available. 


13.6.10 
AIMS OF ERROR CONFINEMENT 


13.6.10.1 
Distinction 
of short and long disturbances 


The CPU must be informed when there are long 
disturbances 
and when bus activities have returned to 


normal operation. 
During long disturbances, 
a 


CAN-controller 
enters the Bus-OFF state and the CPU 


may use default values. 


Minor disturbances 
of bus activities will not effect a 


CAN-controller. 
In particular, a CAN-controller 
does not 


enter the Bus-OFF state or inform the CPU of a short bus 
disturbance. 


13.6.10.2 
Detection and localization 
of hardware 


disturbances 
and defects 


The rules for error confinement 
are defined by the 


CAN-protocol 
specification 
(and implemented 
in the 


P8xC592's on-chip CAN-controller), 
in such a way that the 


CAN-controller, 
being nearest to the error-locus, 
reacts 


with a high probability the quickest (i.e. becomes 
error-passive 
or Bus-OFF). Hence errors can be localized 


and their influence on normal bus activities is minimized. 


13.6.10.3 
Error Confinement 


All CAN-controllers 
contain a Transmit 
Error Counter and 


a Receive Error Counter, which registers errors during the 
transmission 
and the reception of messages, 
respectively. 


If a message is transmitted 
or received correctly, the count 


is decreased. 
In the event of an error, the count is 


increased. The Error Counters have an non-proportional 
method of counting: an error causes a larger counter 
increase than a correctly transmitted/received 
message 


causes the count to decrease. Over a period of time this 
may result in an increase in error counts, even if there are 
fewer corrupted messages than uncorrupted 
ones. The 


level of the Error Counters reflect the relative frequency of 
disturbances. 
The ratio of increase/decrease 
depends on 


the acceptable 
ratio of invaliQ/valid messages on the bus 


and is hardware implemented 
to eight. 


If one of the Error Counters exceeds the Warning Limit of 
96 error points, indicating a significant 
accumulation 
of 


error conditions, this is signalled 
by the CAN-controller 


(Error Status, Error Interrupt). 


A CAN-controller 
operates in the error-active 
mode until it 


exceeds 127 error points on one of its Error Counters. At 
this value it will enter the error-passive 
state. A transmit 


error which exceeds 255 error points results in the 
CAN-controller 
entering the Bus-OFF state. 


External events and the real-time-driven 
on-chip 
peripherals 
require service by the CPU asynchronous 
to 
the execution of any particular section of code. To tie the 
asynchronous 
activities of these functions to normal 
program execution a mUltiple-source, 
two-priority-Ievel, 
nested interrupt system is provided. Interrupt response 
latency is from 2.25 itS to 7.5 !-tS when using a 16 MHz 
crystal. The latency time strongly depends on the 
sequence of instructions 
executed directly after an 
interrupt request. During a CAN-DMA transfer the interrupt 
system is disabled (see Section 13.5.17). The P8xC592 
acknowledges 
interrupt requests from fifteen sources as 
follows: 


• INTO and INT1 : externally via pins 27 and 28 
respectively 


• Timer 0 and Timer 1: from the two internal counters 


- 
If the capture function remains unused and the 
Capture Register contents are 'don't care' then the 
corresponding 
input pins 'CTnl', with 'n = 0 ... 3', may 
be used as positive and/or negative edge triggered 
external interrupts INT2 to INT5. But note that they 
can not terminate the Idle mode because the Timer 2 
is switched off then 


• Timer T2, 8 separate interrupts: 


- 
4 capture interrupts 


- 
3 compare interrupts 


- 
an overflow interrupt 


• ADC end-of-conversion 
interrupt 


• CAN-controller 
interrupt 


• UART serial I/O port interrupt. 


Each interrupt vectors to a separate location in Program 
Memory for its service program. Each source can be 
individually 
enabled or disabled by a corresponding 
bit in 
the IENO or IEN1 register, moreover each interrupt may be 
programmed 
to a HIGH or LOW priority level using a 
corresponding 
bit in the IPO or IP1 register. Also all 
enabled sources can be globally disabled or enabled. Both 
external interrupts can be programmed 
to be 
level-activated 
or transition-activated, 
and an active LOW 
level allows 'wire-ORing' 
of several interrupt sources to the 
input pin. 
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CAPTURE 
3 
n2 
02 


01 
---- 
vedor 
TIMERT2 
SOURCE 
OVERFLOW 
02 
IDENTIFICATION 


MGA186 


14.1 
Interrupt 
Enable and Priority 
Registers 


14.1.1 
INTERRUPTENABLEREGISTER0 (IENO) 


Table 71 Interrupt Enable register 0 (address A8H) 


6 


EAD 


4 


ESO 


1 


ETO 
o 


EXO 


BIT 
SYMBOL 
FUNCTION 


7 
EA 
General 
enable/disable 
control. 
If bit EA is: 


LOW, then no interrupt is enabled. 


HIGH, then any individually 
enabled interrupt will be accepted. 


6 
EAD 
Enable ADC interrupt. 


5 
ES1 
Enable SI01 
(CAN) interrupt. 


4 
ESO 
Enable SIOO (UAR1) interrupt. 


3 
ET1 
Enable Timer 1 interrupt. 


2 
EX1 
Enable External 1 interrupt. 


1 
ETO 
Enable Timer 0 interrupt. 


0 
EXO 
Enable External 0 interrupt. 


14.1.2 
INTERRUPTENABLEREGISTER1 (IEN1) 


Table 73 Interrupt Enable register 0 (address E8H) 


7 


ET2 


6 


ECM2 


5 


ECM1 


4 


ECMO 


3 


ECT3 


2 


ECT2 


1 


ECT1 
o 


ECTO 


Table 74 Description 
of the IEN1 bits 


Logic 0 = interrupt disabled; Logic 1 = interrupt enabled. 


BIT 
SYMBOL 
FUNCTION 


7 
ET2 
Enable T2 overflow interrupt(s). 


6 
ECM2 
Enable T2 comparator 
2 interrupt. 


5 
ECM1 
Enable T2 comparator 
1 interrupt. 


4 
ECMO 
Enable T2 comparator 
0 interrupt. 


3 
ECT3 
Enable T2 capture register 3 interrupt. 


2 
ECT1 
Enable T2 capture register 2 interrupt. 


1 
ECT1 
Enable T2 capture register 1 interrupt. 


0 
ECTO 
Enable T2 capture register 0 interrupt. 


14.1.3 
INTERRUPTPRIORITYREGISTER0 (IPO) 


Table 75 Interrupt Priority register 0 (address B8H) 


6 


PAD 


4 


PSO 


1 


PTO 


o 


PXO 


BIT 
SYMBOL 
FUNCTION 


7 
- 
Not used. 


6 
PAD 
ADC interrupt priority level. 


5 
PS1 
SI01 
(CAN) interrupt priority level. 


4 
PSO 
SIOO (UARl) 
interrupt priority level. 


3 
PT1 
Timer 1 interrupt priority level. 


2 
PX1 
External interrupt 1 priority level. 


1 
PTO 
Timer 0 interrupt priority level. 
- 


0 
PXO 
External interrupt 0 priority level. 


14.1.4 
INTERRUPTPRIORITYREGISTER1 (IP1) 


Table n Interrupt Priority register 1 (address F8H) 


7 


PT2 


6 


PCM2 


5 


PCM1 


4 


PCMO 


3 


PCT3 


2 


PCT2 


1 


PCT1 
o 


PCTO 


Table 78 Description 
of the IP1 bits 


Logic 0 = low priority; Logic 1 = high priority. 


BIT 
SYMBOL 
FUNCTION 


7 
PT2 
T2 overflow interrupt(s) 
priority level. 


6 
PCM2 
T2 comparator 
2 priority interrupt level. 


5 
PCM1 
T2 comparator 
1 priority interrupt level. 


4 
PCMO 
T2 com parator 0 priority interrupt level. 


3 
PCT3 
T2 capture register 3 priority interrupt level. 


2 
PCT2 
T2 capture register 2 priority interrupt level. 


1 
PCT1 
T2 capture register 1 priority interrupt level. 


0 
PCTO 
T2 capture register 0 priority interrupt level. 


14.2 
Interrupt Vectors 


The vector indicates the Program Memory location where 
the appropriate 
interrupt service routine starts 


(see Table 79). 


SOURCE 
BIT 
VECTOR 


External 0 
XO 
0003H 


Timer 0 overflow 
TO 
OOOBH 


External 1 
Xl 
0013H 


Timer 1 overflow 
Tl 
001BH 


Serial I/O 0 (UART) 
SO 
0023H 


Serial I/O 1 (CAN) 
Sl 
002BH 


T2 capture 0 
CTO 
0033H 


T2 capture 1 
CTl 
003BH 


T2 capture 2 
CT2 
0043H 


T2 capture 3 
CT3 
004BH 


ADC completion 
ADC 
0053H 


T2 compare 0 
CMO 
005BH 


T2 compare 
1 
CMl 
0063H 


T2 compare 2 
CM2 
006BH 


T2 overflow 
T2 
0073H 


14.3 
Interrupt Priority 


Each interrupt source can be either high priority or low 
priority. If both priorities are requested simultaneously, 
the 


processor will branch to the high priority vector. If there are 
simultaneous 
requests from sources of the same priority, 


then interrupts will be serviced in the following order: 


XO, 51, ADC, TO, CTO, CMO, Xl, 
CT1, CM1, Tl, 
CT2, 


CM2, SO, CT3, T2. 


A low priority interrupt routine can only be interrupted 
by a 
high priority interrupt. A high priority interrupt routine can 
not be interrupted. 


The P8xC592 has three software-selectable 
modes to 


reduce power consumption. 
These are: 


Sleep mode, affecting the CAN-controller 
only 


Idle mode, affecting the 


- 
CPU (halted) 


Timer 2 (stopped and reset) 


PWMO, PWM1 (reset, output = HIGH) 


ADC (aborted if in progress) 


Power-down 
mode, affecting the whole P8xC592 


device. 


CAN~ 


interrupts 
serial 
ports 


timer blocks 


15.1 
Power 
Control 
Register 
(PCON) 


Table 80 
Power Control Register (address 87H) 


7 


SMOD 


4 


WLE 


3 


GF1 


2 


GFO 


BIT 
SYMBOL 
FUNCTION 


7 
SMOD 
Double 
baud rate bit. When set to logic 1 the baud rate is doubled when the serial port 


SIOO is being used in Modes 1, 2 and 3. 


6 
- 
Reserved. 


5 
- 


4 
WLE 
Watchdog 
Load Enable. This flag must be set by software prior to loading T3 


(Watchdog timer). It is cleared when T3 is loaded. 


3 
GF1 
General 
purpose 
flag bits. 


2 
GFO 


1 
PD 
Power-down 
bit. Setting this bit activates Power-down 
mode (note 1). It can only be set 
if input EW is HIGH. 


0 
IDL 
Idle mode bit. Setting this bit activates the Idle mode (note 1). 


Note 


1. 
If PD and IDL are set to HIGH at the same time, PD takes precedence. 
The reset value of PCON is OXXOOOOOB. 


15.2 
CAN Sleep Mode 


In order to reduce power consumption 
of the P8xC592 the 


CAN-controller 
may be switched off (disconnecting 
the 


internal clock) by setting the CAN Command Register bit 4 
(Sleep) HIGH. The CAN-controller 
leaves this Sleep mode 


by detecting either activity on the CAN-bus (dominant 
bit-level on CRXO/CRX1; see Chapter 5, Table 1) or by 
setting the Sleep bit to LOW. As the CPU can not only write 
to the Sleep bit, but can also read it, the CAN-controller 
status can be determined 
directly. 


15.3 
Idle Mode 


The instruction that sets bit PCON.O to HIGH is the last 
one executed in the normal operating 
mode before Idle 


mode is activated. 


Once in the Idle mode, the CPU status is preserved in its 
entirety: the Stack Pointer, Program Counter, Program 
Status Word, Accumulator, 
RAM and all other registers 


maintain their data during Idle mode. The status of the 
external pins during Idle mode is shown in see Table 82. 


There are three ways to terminate the Idle mode: 


• Activation of any enabled interrupt will cause PCON.O to 
be cleared by hardware, provided that the interrupt 
source is active during Idle mode. After the interrupt is 
serviced, the program continues with the instruction 
immediately 
after the one, at which the interrupt request 


was detected. 


• The flag bits GFO and GF1 may be used to determine 


whether the interrupt was received during normal 
execution or during the Idle mode. For example, the 
instruction that writes to PCON.O can also set or clear 
one or both flag bits. When Idle mode is terminated 
by 


an interrupt, the service routine can examine the status 
of the flag bits. 


• Another way of terminating 
the Idle mode is an external 
hardware reset. Since the oscillator is still running, the 
reset signal is required to be active only for two machine 
cycles (24 oscillator periods) to complete the reset 
operation. 


• The third way is the internally generated watchdog reset 


after an overflow of Timer 3. 


15.4 
Power-down Mode 


The instruction that sets bit PCON.1 to HIGH, is the last 
one executed before entering the Power-down 
mode. In 
Power-down 
mode the oscillator of the P8xC592 is 


stopped. If the CAN-controller 
is in use, it is recommended 


to set it into Sleep mode before entering Power-down 
mode. However, setting PCON.1 to HIGH also sets the 
Sleep bit (CAN-controller 
Command 
Register bit 4) to 


HIGH. 


The P8xC592 leaves Power-down 
mode either by a 


hardware reset or by a CAN Wake-Up 
interrupt 


(due to activity on the CAN-bus), 
if the SI01 
(CAN) interrupt source is enabled 
(contents of register IENO = 1X1XXXXXB). 


A hardware reset affects the whole P8XC592, but leaves 
the contents of the on-chip RAM unchanged 
(CAN-controller-and 
CPU's SFRs are reset, see 


Section 13.5.2, Chapter 17 and Table 40). A CAN 
Wake-Up 
interrupt during Power-down 
mode causes a 
reset output pulse with a width of 6144 machine cycles 
(4.6 ms with fClK = 16 MHz): All hardware except that for 
the CAN-controller 
of the P8xC592 is reset (I.e. the 


contents of all CAN-controller 
registers are preserved). 


A capacitance 
connected to the RST pin can be used to 


lengthen the internally generated 
reset pulse. If the pulse 


exceeds 8192 machine cycles, the CAN-controller 
part is 


reset too. 


MODE 
PROGRAM 
ALE 
PSEN 
PORTO 
PORT1(l) 
PORT2 
PORT3 
PORT4 
PWMO/ 
PWM1 


Idle 
internal 
1 
1 
port data 
port data 
port data 
port data 
port data 
1 


external 
1 
1 
floating 
port data 
address 
port data 
port data 
1 


Power-down 
internal 
0 
0 
port data 
port data 
port data 
port data 
port data 
1 


external 
0 
0 
floating 
port data 
port data 
port data 
port data 
1 


Note 


1. 
If the port pins P1.6 and P1.7 are used as the CAN transmitter 
outputs (CTXO and CTX1), then during Sleep and 
Power-down 
mode these pins output a 'recessive'level 
(see Sections 13.5.2 and 13.5.11). 


The oscillator circuitry of the P8xC592 is a single-stage 
inverting amplifier in a Pierce oscillator configuration. 
The 


circuitry between XTAL 1 and XTAL2 is basically an 
inverter biased to the transfer point. Either a crystal or 
ceram ic resonator can be used as the feedback element to 
complete the oscillator circuitry. Both are operated in 
parallel resonance. XT AL 1 (pin 34) is the high gain 
amplifier input, and XTAL2 (pin 33) is the output 
(see Fig.23). If XTAL 1 is driven from an external source, 
XTAL2 must be left open (see Fig.24). 


The reset pin RST is connected to a Schmitt trigger for 
noise rejection (see Fig.25). A reset is accomplished 
by 


holding the RST pin HIGH for at least two machine cycles 
(24 oscillator periods). The CPU responds by executing an 
internal reset. During reset ALE and PSEN output a HIGH 
level. In order to perform a correct reset, this level must not 
be affected by external elements. 


Also with the P8xC592. the RST line can be pulled HIGH 
internally by a pull-up transistor activated by the Watchdog 
timer T3. The length of the output pulse from T3 is 
3 machine cycles. A pulse of such short duration is 
necessary in order to recover from a processor or system 
fault as fast as possible. 


During Power-down 
a reset could be generated 
internally 


via the CAN Wake-Up interrupt. Then the RST pin is pulled 
HIGH for 6144 machine cycles. In this case the 
CAN-controller 
is not reset. 


If the Watchdog timer or the CAN Wake-Up 
interrupt is 


used to reset external devices, the usual capacitor 
arrangement 
for Power-on-reset 
(see Fig.26) should not 


be used. 


However, the internal reset is forced, independent 
of the 


external level on the RST pin. 


The MAIN RAM and AUXILIARY 
RAM are not affected. 


When VDD is turned on, the RAM content is Indeterminate. 
A reset leaves the internal registers as shown in Table 83. 


C1 
~ 
20pF 


C2 


~ 
20pF 


RRST 
on-ehip 


Table 83 Internal registers' contents after a reset 


X = undefined state. 


REGISTER 
7 
6 
5 
4 
3 
2 
1 
0 


CPU part 


ACC 
a 
a 
a 
a 
a 
a 
a 
a 


ADca 
X 
X 
a 
a 
a 
a 
a 
a 


ADCH 
X 
X 
X 
X 
X 
X 
X 
X 


B 
a 
a 
a 
a 
0 
0 
0 
a 


CMlatoCML2 
a 
a 
a 
a 
a 
a 
a 
a 


CMHatoCMH2 
a 
a 
a 
a 
a 
a 
a 
a 


CTCON 
a 
a 
a 
a 
a 
a 
a 
a 


CTlato 
CTl3 
X 
X 
X 
X 
X 
X 
X 
X 


CTHato 
CTH3 
X 
X 
X 
X 
X 
X 
X 
X 


DPl 
a 
a 
a 
a 
a 
a 
a 
a 


DPH 
a 
a 
a 
a 
a 
a 
a 
a 


lENa 
a 
a 
a 
a 
a 
a 
a 
a 


IEN1 
a 
a 
a 
a 
a 
a 
a 
a 


IPa 
X 
a 
a 
a 
a 
a 
a 
a 


IP1 
a 
a 
a 
a 
a 
a 
a 
a 


PCH 
a 
a 
a 
0 
a 
0 
a 
a 


PCl 
a 
a 
a 
a 
a 
a 
a 
a 


PCON 
a 
X 
X 
a 
a 
a 
a 
a 


PSW 
a 
a 
a 
a 
a 
a 
a 
a 


PWMa 
a 
a 
a 
a 
a 
a 
a 
a 


PCWM1 
a 
a 
a 
a 
a 
a 
a 
a 


PCWMP 
a 
a 
a 
a 
a 
a 
a 
a 


pato 
P4 
1 
1 
1 
1 
1 
1 
1 
1 


P5 
X 
X 
X 
X 
X 
X 
X 
X 


RTE 
a 
a 
a 
a 
a 
a 
a 
a 


saBUF 
X 
X 
X 
X 
X 
X 
X 
X 


saCON 
a 
a 
a 
a 
a 
a 
a 
a 


REGISTER 
7 
6 
5 
4 
3 
2 
1 
0 


CANSTA 
a 
a 
a 
a 
1 
1 
a 
a 


CAN CON 
X 
X 
X 
a 
a 
a 
a 
a 


CANDAT 
X 
X 
X 
X 
X 
X 
X 
X 


CANADR 
a 
X 
1 
a 
a 
1 
a 
0 


SP 
a 
a 
a 
a 
a 
1 
1 
1 


STE 
1 
1 
a 
a 
a 
a 
a 
a 


TCON 
a 
a 
a 
a 
a 
a 
a 
a 


THa, TH1 
a 
a 
a 
a 
a 
a 
a 
a 


TMH2 
a 
a 
a 
0 
a 
a 
a 
a 


Tla, 
Tl1 
a 
a 
a 
a 
a 
a 
a 
a 


TML2 
a 
a 
a 
a 
a 
a 
a 
a 


TMOD 
a 
0 
a 
a 
a 
a 
0 
0 


TM2CON 
a 
0 
a 
a 
a 
a 
a 
a 


TM21R 
a 
0 
a 
0 
a 
a 
a 
a 


T3 
a 
a 
a 
a 
a 
a 
a 
a 


CAN part 


CR 
a 
X 
1 
X 
X 
X 
X 
1 


CMR 
1 
1 
X 
a 
X 
X 
X 
X 


SR 
a 
0 
a 
a 
1 
1 
a 
a 


IR 
X 
X 
X 
a 
a 
a 
a 
a 


ACR 
X 
X 
X 
X 
X 
X 
X 
X 


AMR 
X 
X 
X 
X 
X 
X 
X 
X 


BTRa 
X 
X 
X 
X 
X 
X 
X 
X 


BTR1 
X 
X 
X 
X 
X 
X 
X 
X 


OCR 
X 
X 
X 
X 
X 
X 
X 
X 


TR 
X 
X 
X 
X 
X 
X 
X 
X 


TXB 1a to 19 
X 
X 
X 
X 
X 
X 
X 
X 


RXB 20 to 29 
X 
X 
X 
X 
X 
X 
X 
X 


17.1 
Power-on Reset 


If the RST pin is connected to VDD via a 2.2 flF capacitor, 
as shown in Fig.26, an automatic reset can be obtained by 
switching on VDD (provided its rise time is <10 ms). The 
decrease of the RST pin voltage depends on the capacitor 
and the internal resistor RRST.That voltage must remain 
above the lower threshold for at minimum the oscillator 
start-up time plus 2 machine cycles. 


J2.2~F 


The P8XC592 uses the powerful instruction set of the 
P80G51. It consists of 49 single-byte, 
45 two-byte and 


17 three-byte 
instructions. 
Using a 16 MHz quartz, 64 of 


the instructions are executed in 0.75 f1S, 45 in 1.5 f1S and 
the multiply, divide instructions 
in 3 f1S. A summary of the 


instruction set is given in Tables 84, 85, 86, 87 and 88. 


18.1 
AddressingModes 


Most instructions 
have a 'destination/source' 
field that 


specifies the data type, addressing 
modes and operands 
involved. For all these instructions, 
except from MOVs, the 


destination 
operand is also a source operand 


(e.g. ADD A, R7). 


Five types of addressing 
modes are used: 


• Register Addressing, 


- 
ROto R7 (4 banks) 


- 
A,B,G (bit), AB (2 bytes), DPTR (double byte). 


• Direct Addressing, 


lower 128 bytes of internal MAIN RAM 
(including the 4 ROto R7 register banks) 


Special Function Registers 
(SFRs) 


128 bits in a subset of the internal MAl N RAM 
(see Fig.5) 


- 
128 bits in a subset of the Special Function Registers 
(see Figs 6 and 7). 


• Register-Indirect 
Addressing, 


internal RAM (@RO, @R1, @SP [PUSH/POP]) 


internal AUXILIARY 
RAM (@RO, @R1, @DPTR) 


external Data Memory (@DPTR). 


• Immediate Addressing, 


- 
Program Memory (in-code 8 bit or 16 bit constant). 


• Base-Register-plus 
Index-Register-Indirect 
Addressing, 


- 
Program Memory look-up table 
(@DPTR+A, 
@PG+A). 


The first three addressing 
modes are usable for 


destination operands. 


18.2 
Instruction 
Set 


For the description 
of the Data Addressing 
Modes and Hexadecimal 
opcode cross-reference 
see Table 88. 


MNEMONIC 
DESCRIPTION 
BYTES 
CYCLES 
OPCODE 
(HEX) 


Arithmetic 
operations 


ADD 
A,Rr 
Add register to A 
1 
1 
2* 


ADD 
A,direct 
Add direct byte to A 
2 
1 
25 


ADD 
A,@Ri 
Add indirect RAM to A 
1 
1 
26,27 


ADD 
A,#data 
Add immediate data to A 
2 
1 
24 


ADDC 
A,Rr 
Add register to A with carry flag 
1 
1 
3* 


ADDC 
A,direct 
Add direct byte to A with carry flag 
2 
1 
35 


ADDC 
A,@Ri 
Add indirect RAM to A with carry flag 
1 
1 
36,37 


ADDC 
A,#data 
Add immediate data to A with carry flag 
2 
1 
34 


SUBB 
A,Rr 
Subtract register from A with borrow 
1 
1 
9* 


SUBB 
A,direct 
Subtract direct byte from A with borrow 
2 
1 
95 


SUBB 
A,@Ri 
Subtract indirect RAM from A with borrow 
1 
1 
96,97 


SUBB 
A,#data 
Subtract immediate 
data from A with borrow 
2 
1 
94 


INC 
A 
Increment A 
1 
1 
04 


INC 
Rr 
Increment register 
1 
1 
0* 


INC 
direct 
Increment direct byte 
.. 
2 
1 
05 


INC 
@Ri 
Increment indirect RAM 
1 
1 
06,07 


DEC 
A 
Decrement A 
1 
1 
14 


DEC 
Rr 
Decrement 
register 
1 
1 
1* 


DEC 
direct 
Decrement direct byte 
2 
1 
15 


DEC 
@Ri 
Decrement 
indirect RAM 
1 
1 
16,17 


INC 
DPTR 
Increment data pointer 
1 
2 
A3 


MUL 
AB 
Multiply A and B 
1 
4 
A4 


DIV 
AB 
Divide A by B 
1 
4 
84 


DA 
A 
Decimal adjust A 
1 
1 
D4 


MNEMONIC 
DESCRIPTION 
BYTES 
CYCLES 
OPCODE 
(HEX) 


Logic operations 


ANL 
A,Rr 
AND register to A 
1 
1 
5* 


ANL 
A,direct 
AND direct byte to A 
2 
1 
55 


ANL 
A,@Ri 
AND indirect RAM to A 
1 
1 
56,57 


ANL 
A,#data 
AND immediate data to A 
2 
1 
54 


ANL 
direct,A 
AND A to direct byte 
2 
1 
52 


ANL 
direct,#data 
AND immediate data to direct byte 
3 
2 
53 


ORL 
A,Rr 
OR register to A 
1 
1 
4* 


ORL 
A,direct 
OR direct byte to A 
2 
1 
45 


ORL 
A,@Ri 
OR indirect RAM to A 
1 
1 
46,47 


OAL 
A,#data 
OR immediate data to A 
2 
1 
44 


ORL 
direct,A 
OR A to direct byte 
2 
1 
42 


ORL 
direct,#data 
OR immediate data to direct byte 
3 
2 
43 


XRL 
A,Rr 
Exclusive-OR 
register to A 
1 
1 
6* 


XRL 
A,direct 
Exclusive-OR 
direct byte to A 
. 
2 
1 
65 


XRL 
A,@Ri 
Exclusive-OR 
indirect RAM to A 
1 
1 
66, 67 


XRL 
A,#data 
Exclusive-OR 
immediate data to A 
2 
1 
64 


XRL 
direct,A 
Exclusive-OR 
A to direct byte 
2 
1 
62 


XRL 
direct,#data 
Exclusive-OR 
immediate data to direct byte 
3 
2 
63 


CLR 
A 
Clear A 
1 
1 
E4 


CPL 
A 
Complement 
A 
1 
1 
F4 


RL 
A 
Rotate A left 
1 
1 
23 


RLC 
A 
Rotate A left through the carry flag 
1 
1 
33 


RR 
A 
Rotate A right 
1 
1 
03 


RRC 
A 
Rotate A right through the carry flag 
1 
1 
13 


SWAP 
A 
Swap nibbles within A 
1 
1 
C4 


MNEMONIC 
DESCRIPTION 
BYTES 
CYCLES 
OPCODE 
(HEX) 


Data transfer 


MOV 
A,Rr 
Move register to A 
1 
1 
E* 


MOV 
A,direct (note 1) 
Move direct byte to A 
2 
1 
E5 


MOV 
A,@Ri 
Move indirect RAM to A 
1 
1 
E6,E7 


MOV 
A,#data 
Move immediate data to A 
2 
1 
74 


MOV 
Rr,A 
Move A to register 
1 
1 
F* 


MOV 
Rr,direct 
Move direct byte to register 
2 
2 
A* 


MOV 
Rr,#data 
Move immediate data to register 
2 
1 
7* 


MOV 
direct,A 
Move A to direct byte 
2 
1 
F5 


MOV 
direct,Rr 
Move register to direct byte 
2 
2 
8* 


MOV 
direct, direct 
Move direct byte to direct 
3 
2 
85 


MOV 
direct,@Ri 
Move indirect RAM to direct byte 
2 
2 
86,87 


MOV 
direct,#data 
Move immediate data to direct byte 
3 
2 
75 


MOV 
@Ri,A 
Move A to indirect RAM 
1 
1 
F6,F7 


MOV 
@Ri,direct 
Move direct byte to indirect RAM 
2 
2 
A6,A7 


MOV 
@Ri,#data 
Move immediate data to indirect RAM 
2 
1 
76, 77 


MOV 
DPTR,#data16 
Load data pointer with a 16-bit constant 
3 
2 
90 


MOVC 
A,@A+DPTR 
Move code byte relative to DPTR to A 
1 
2 
93 


MOVC 
A,@A+PC 
Move code byte relative to PC to A 
1 
2 
83 


MOVX 
A,@Ri 
Move external RAM (8-bit address) to A 
1 
2 
E2,E3 


MOVX 
A,@DPTR 
Move external RAM (16-bit address) to A 
1 
2 
EO 


MOVX 
@Ri,A 
Move A to external RAM (8-bit address) 
1 
2 
F2,F3 


MOVX 
@DPTR,A 
Move A to external RAM (16-bit address) 
1 
2 
FO 


PUSH 
direct 
Push direct byte onto stack 
2 
2 
CO 


POP 
direct 
Pop direct byte from stack 
2 
2 
DO 


XCH 
A,Rr 
Exchange register with A 
1 
1 
C* 


XCH 
A,direct 
Exchange direct byte with A 
2 
1 
C5 


XCH 
A,@Ri 
Exchange indirect RAM with A 
1 
1 
C6, C7 


XCHD 
A,@Ri 
Exchange LOW-order digit indirect RAM with A 
1 
1 
D6,D7 


Note 


1. 
MOV A,ACC is not permitted. 


Philips Semiconductors 


DESCRIPTION 
BYTES 
CYCLES 
OPCODE 
MNEMONIC 
(HEX) 


Boolean variable manipulation 


CLR 
C 
Clear carry flag 
1 
1 
C3 


CLR 
bit 
Clear direct bit 
2 
1 
C2 


SETB 
C 
Set carry flag 
1 
1 
D3 


SETB 
bit 
Set direct bit 
2 
1 
D2 


CPL 
C 
Complement 
carry flag 
1 
1 
B3 


CPL 
bit 
Complement 
direct bit 
" 
2 
1 
B2 


ANL 
C,bit 
AND direct bit to carry flag 
2 
2 
82 


ANL 
C,/bit 
AND complement 
of direct bit to carry flag 
2 
2 
BO 


ORL 
C,bit 
OR direct bit to carry flag 
2 
2 
72 


ORL 
C,/bit 
OR complement 
of direct bit to carry flag 
2 
2 
AO 


MOV 
C,bit 
Move direct bit to carry flag 
2 
1 
A2 


MOV 
bit,C 
Move carry flag to direct bit 
2 
2 
92 


Program and machine control 


ACALL 
addr11 
Absolute subroutine 
call 
2 
2 
*1 


LCALL 
addr16 
Long subroutine call 
3 
2 
12 


RET 
Return from subroutine 
1 
2 
22 


RETI 
Return from interrupt 
1 
2 
32 


AJMP 
addr11 
Absolute jump 
2 
2 
.1 


LJMP 
addr16 
Long jump 
3 
2 
02 


SJMP 
rei 
Short jump (relative address) 
2 
2 
80 


JMP 
@A+DPTR 
Jump indirect relative to the DPTR 
1 
2 
73 


JZ 
rei 
Jump if A is zero 
2 
2 
60 


JNZ 
rei 
Jump if A is not zero 
2 
2 
70 


JC 
rei 
Jump if carry flag is set 
2 
2 
40 


JNC 
rei 
Jump if carry flag is not set 
2 
2 
50 


JB 
bit,rel 
Jump if direct bit is set 
3 
2 
20 


JNB 
bit, rei 
Jump if direct bit is not set 
3 
2 
30 


JBC 
bit,rei 
Jump if direct bit is set and clear bit 
3 
2 
10 


CJNE 
A,direct,rel 
Compare direct to A and jump if not equal 
3 
2 
B5 


CJNE 
A,Hdata,rel 
Compare immediate to A and jump if not equal 
3 
2 
B4 


CJNE 
Rr,Hdata,rel 
Compare immediate to register and jump if not equal 
3 
2 
B* 


CJNE 
@Ri,Hdata,rel 
Compare immediate to indirect and jump if not equal 
3 
2 
B6,B7 


DJNZ 
Rr,rel 
Decrement 
register and jump if not zero 
2 
2 
D* 


DJNZ 
direct, rei 
Decrement 
direct and jump if not zero 
3 
2 
D5 


NOP 
No operation 
1 
1 
00 


MNEMONIC 
DESCRIPTION 


Data addressing 
modes 


Rr 
Working register RO-R7. 
, 


direct 
128 internal RAM locations and any special function register (SFR). 


@Ri 
Indirect internal RAM location addressed 
by register RO or R1 of the actual register bank. 


#data 
8-bit constant included in instruction. 


#data 16 
16-bit constant included as bytes 2 and 3 of instruction. 


bit 
Direct addressed 
bit in internal RAM or SFR. 


addr16 
16-bit destination 
address. Used by LCALL and LJMP. 


The branch will be anywhere within the 64 kbytes Program Memory address space. 


addr11 
11-bit destination 
address. Used by ACALL and AJMP. The branch will be within the same 2 kbytes 
page of Program Memory as the first byte of the following 
instruction. 


rei 
Signed (two's complement) 
8-bit offset byte. Used by SJMP and all conditional 
jumps. 


Range is -128 to +127 bytes relative to first byte of the following 
instruction. 


Hexadecimal 
opcode 
cross-reference 


* 
8, 9, A, S, C, D, E, F. 
, 
. 
1, 3, 5, 7, 9, S, D, F. 


• 
0, 2, 4, 6, 8, A, C, E. 


! 
0 
1 
2 
3 
4 
5 
6 
I 
7 
8191AIBICIDIEIF 


0 
NOP 
AJMP 
LJMP 
RR 
INC 
INC 
INC@Ri 
INC Rr 
addr11 
addr16 
A 
A 
direct 
0 
I 
1 
011121314151617 


1 
JBC 
ACALL 
LCALL 
RRC 
DEC 
DEC 
DEC@Ri 
DEC Rr 
bit,rel 
addr11 
addr16 
A 
A 
direct 
0 
1 
1 
011121314151617 


2 
JB 
AJMP 
RET 
RL 
ADD 
ADD 
ADDA,@Ri 
ADD A,Rr 
bit,rel 
addr11 
A 
A,#data 
A,direct 
0 
I 
1 
011121314151617 


3 
JNB 
ACALL 
RETI 
RLC 
ADDC 
ADDC 
ADDCA,@Ri 
ADDCA,Rr 
bit,rel 
addr11 
A 
A,#data 
A,direct 
0 
1 
1 
011121314151617 


4 
JC 
AJMP 
ORL 
ORL 
ORL 
ORL 
ORLA,@Ri 
ORLA,Rr 


rei 
addr11 
direct,A 
direct,#data 
A,#data 
A,direct 
0 
1 
1 
011121314151617 


5 
JNC 
ACALL 
ANL 
ANL 
ANL 
ANL 
ANLA,@Ri 
ANLA,Rr 


rei 
addr11 
direct,A 
direct,#data 
A,#data 
A,direct 
0 
I 
1 
011121314151617 


6 
JZ 
AJMP 
XRL 
XRL 
XRL 
XRL 
XRLA,@Ri 
XRLA,Rr 
rei 
addr11 
direct,A 
direct,#data 
A,#data 
A,direct 
o 
1 
1 
011121314151617 


7 
JNZ 
ACALL 
ORL 
JMP 
MOV 
MOV 
MOV @Ri,#data 
MOV Rr,#data 
rei 
addr11 
C,bit 
@A+DPTR 
A,#data 
direct,#data 
o 
1 
1 
011121314151617 


8 
SJMP 
AJMP 
ANL 
MOVC 
DIV 
MOV 
MOV direct,@Ri 
MOV direct,Rr 
rei 
addr11 
C,bit 
A,@A+PC 
AB 
direct, direct 
0 
1 
1 
011121314151617 


9 
MOV 
ACALL 
MOV 
MOVC 
SUBB 
SUBB 
SUBBA,@Ri 
SUB A,Rr 
DTPR,#data16 
addr11 
bit,C 
A,@A+DPTR 
A,#data 
A,direct 
o 
1 
1 
011121314151617 


A 
ORL 
AJMP 
MOV 
INC 
MUL 
MOV @Ri,direct 
MOV Rr,direct 
C,/bit 
addr11 
bit,C 
DPTR 
AB 
0 
1 
1 
011121314151617 


B 
ANL 
ACALL 
CPL 
CPL 
CJNE 
CJNE 
CJNE @Ri,#data,rel 
CJNE Rr,#data,rel 
C,/bit 
addr11 
bit 
C 
A,#data, rei 
A, direct, rei 
0 
1 
1 
011121314151617 


C 
PUSH 
AJMP 
CLR 
CLR 
SWAP 
XCH 
XCHA,@Ri 
XCH A,Rr 
direct 
addr11 
bit 
C 
A 
A,direct 
o 
1 
1 
011121314151617 


D 
POP 
ACALL 
SETS 
SETS 
DA 
DJNZ 
XCHDA,@Ri 
DJNZ Rr,rel 
direct 
addr11 
bit 
C 
A 
direct, rei 
o 
1 
1 
011121314151617 


E 
MOVX 
AJMP 
MOVXA,@Ri 
CLR 
MOV 
MOV A,@Ri 
MOVA,Rr 


A,@DTPR 
addr11 
0 
1 
1 
A 
A,direct 
(1) 
0 
1 
1 
011121314151617 


F 
MOVX 
ACALL 
MOVX@Ri,A 
CPL 
MOV 
MOV@Ri,A 
MOVRr,A 
@DTPR,A 
addr11 
0 
I 
1 
A 
direct,A 
0 
I 
1 
011121314151617 


Note 


1. 
MOV A, ACC is not a valid instruction. 
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19 
ABSOLUTE 
MAXIMUM 
RATINGS (note 1) 


In accordance 
with the Absolute 
Maximum 
Rating System (IEC 134). 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


Voo 
voltage on Voo pin 
, 
-0.5 
+6.5 
V 


VI1 
input voltage on any pin 
-0.5 
Voo + 0.5 
V 


(except CTXO, CTX1, CRXO, CRX1 and EAlVpp) 


VI2 
input voltage on EAlVpp to Vss 
-0.5 
+13 
V 


11,10 
input/output 
current on any single I/O pin 
- 
±10 
mA 


(except from CTXO and CTX1) 


lOT 
sink current of CTXO, CTX1 together 
- 
30 
mA 


source current of CTXO, CTX1 together 
- 
-20 
mA 


Ptot 
total power dissipation 
(note 2) 
- 
1.0 
W 


TSt9 
storage temperature 
range 
-65 
+150 
·C 


Tarnb 
operating ambient temperature 
range: 


P8xC592FFA 
-40 
+85 
·C 


P8XC592 FHA 
-40 
+125 
·C 


Notes 


1. 
The following applies to the Absolute 
Maximum Ratings: 


a) Stresses above those listed under Absolute Maximum 
Ratings may cause permanent 
damage to the device. 


This is a stress rating only and functional 
operation of the device at these or any conditions 
other than those 
described 
in the Chapters 20 "DC characteristics" 
and 21 "AC characteristics" 
of this specification 
is not implied. 


b) This prodUct includes circuitry specifically 
designed for the protection of its internal devices from the damaging 


effect of excessive static charge. However, it is suggested that conventional 
precautions 
be taken to avoid 


applying greater than the rated maxima. 


c) 
Parameters 
are valid over operating temperature 
range unless otherwise specified. 


All voltages are with respect to Vss unless otherwise 
noted. 


2. 
This value is based on the maximum allowable die temperature 
and the thermal resistance of the package, 
not on 


device power consumption. 


20 
DC CHARACTERISTICS 


Voo = 5 V ± 10%; Vss = 0 V; all voltages with respect to Vss unless otherwise specified. 
T amb = -40 to +125°C 
for the P8xC592FHA; 
Tamb = -40 to +85 °C for the P8xC592FFA. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Supply 
(digital 
part) 


Voo 
supply voltage 
4.5 
5.5 
V 


100 
operating supply current 
fCLK= 16 MHz; note 1 
- 
50 
mA 


100(10) 
supply current Idle mode 
fCLK= 16 MHz; note 2 
- 
15 
mA 


100(ls) 
supply current Idle & Sleep mode 
fCLK= 16 MHz; note 3 
- 
10 
mA 


loo(po) 
supply current Power-down 
mode: 
note 4 


P8xC592 FHA 
- 
150 
flA 


P8xC592xFx 
- 
50 
flA 


Inputs 


V1L 
LOW level input voltage 
-0.5 
0.2Voo -0.1 
V 
(except EA, CRXO and CRX1) 


Vll1 
LOW level input voltage EA 
-0.5 
0.2Voo-0.3 
V 


VIH 
HIGH level input voltage 
0.2Voo + 0.9 
Voo + 0.5 
V 
(except RST, XTAL1, CRXO,CRX1) 


VIH1 
HIGH level input voltage 
O·7Voo 
Voo + 0.5 
V 
(RST and XTAL 1) 
, 


IlL 
LOW level input current 
VI = 0.45 V 
- 
-50 
flA 
Ports 1,2,3 
and 4 


ITl 
input current HIGH-to-LOW 
VI = 2.0 to 0.45 V 
- 
-650 
flA 
transition 
Ports 1, 2,3 and 4 
(except P1.6 and P1.7) 


IUl 
input leakage current 
0.45 V < VI < Voo 
- 
:1:10 
flA 
Port 0, EA, STADC, EW, P1.6, P1.7 


IU2 
input leakage current Port 5 
0.45 V < VI < Voo 
- 
:1:1 
flA 


Outputs 


VOL 
LOW level output voltage 
IOL= 1.6 mA; note 5 
- 
0.45 
V 
Ports 1, 2, 3 and 4 
(except P1.6 and P1.7) 


VOl1 
LOW level output voltage 
IOL= 3.2 mA; note 5 
- 
0.45 
V 
Port 0, ALE, PSEN, PWMO, PWM1, 
P1.6, P1.7 


VOH 
HIGH level output voltage 
IOH= -60 flA 
2.4 
- 
V 
Ports 1,2,3 
and 4 
IOH= -25 flA 
0.75Voo 
- 
V 
(except P1.6 and P1.7) 
IOH= -10 flA 
0.9Voo 
- 
V 


VOH1 
HIGH level output voltage 
IOH= -400 flA 
2.4 
- 
V 
Port 0 in external bus mode, 
IOH= -150 flA 
0.75Voo 
- 
V 
ALE, PSEN, PWMO, PWM1 
IOH= -40 flA; note 6 
O.9VOD 
- 
V 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VOH2 
HIGH level output voltage RST 
IOH= -400 
!JA 
2.4 
- 
V 


IOH= -120!JA 
0.8Voo 
- 
V 


RRST 
RST pUll-down resistor 
50 
150 
kQ 
Cvo 
I/O pin capacitance 
test frequency = 1 MHz; 
- 
10 
pF 


Tamb= 25·C 


Supply 
(analog 
part) 


AVDD 
supply voltage 
AVoo = Voo ± 0.2 V 
4.5 
5.5 
V 


AloD 
operating supply current 
Port 5 = AVoo; note 1 
- 
2.5 
mA 


Aloooo) 
supply current Idle mode 
note 2 
- 
2.5 
mA 


AI DOllS) 
supply current Idle and Sleep mode: 
note 3 


P83C592 FHA 
- 
400 
!-tA 


P8xC592xFx 
- 
350 
!-tA 


AIDD(PD) 
supply current Power-down 
mode: 
note 4 


P83C592 FHA 
- 
400 
!-tA 


P8xC592xFx 
• 
- 
350 
!-tA 


Analog 
Inputs 


AVIN 
analog input voltage 
AVss -0.2 
AVoo + 0.2 
V 


AVREF_ 
reference voltage 
AVss-0.2 
- 
V 


AVREF+ 
- 
AVoo + 0.2 
V 


RREF 
resistance between 
10 
50 
kQ 
AVREF+and AVREF_ 


CIA 
analog input capacitance 
- 
15 
pF 


tAOS 
sampling time 
note 7 
- 
8tCY 
!-ts 


tADC 
conversion time 
note 7 
- 
50tcy 
I.l.s 
(including sample time) 


Ole 
differential 
non-linearity 
notes 8, 9 and 10 
- 
±1 
LSB 


lle 
integral non-linearity 
notes 8 and 11 
- 
±2 
LSB 


OSe 
offset error 
notes 8 and 12 
- 
±2 
LSB 
Ge 
gain error 
notes 8 and 13 
- 
±O.4 
% 


As 
absolute voltage error 
notes 8 and 14 
- 
±3 
LSB 


Mete 
channel to channel matching 
- 
±1 
LSB 


Ct 
crosstalk between P5 inputs 
o to 100 kHz 
- 
-60 
dB 


CAN Input comparator 
(CRXO, CRX1) 


VOIF 
differential 
input voltage (note 15) 
AVoo = 5 V ± 5%; 
±32 
- 
mV 


VHYST 
hysteresis voltage (note 15) 
1.4 V <VI < AVoo-1.4 
V 
8 
30 
mV 


II 
input current 
- 
±400 
nA 


Philips Semiconductors 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


CAN output 
driver 
(Voo = 5 V ± 5%) 


VOLT 
LOW level output voltage 
10 = 1.2 mA; note 15 
- 
0.1 
V 
(CTXO and CTX1) 
10 = 10 mA 
- 
0.6 
V 


VOHT 
High level output voltage 
10 = -1.2 mA; note 15 
Voo-0.1 
- 
V 
(CTXO and CTX1) 
10 = -10 mA; note 16 
Voo-0.6 
- 
V 


Reference 
(AVoo = 5 V ± 5%) 


VREFOUT 
REF output voltage 
-0.1 mA < 'L < 0.1 mA; 
%AVoo-0.1 
%AVoo+0.1 
V 


CL = 10 nF; note 15; 
bit Reference Active = HIGH 


IREFIN 
REF input current 
1.5 V < VREFIN< AVoo-1.5 
V; 
- 
±10 
JAA 


bit Reference Active = LOW 


Notes to the DC characteristics 


1. 
Conditions for: 


a) The digital 
operating current measurement: 
all output pins disconnected; 
XTAL1 is driven with t, = tf = 10 ns; 


V1L= Vss + 0.5 V; VIH = Voo - 0.5 V; EA = RST = Port 0 = P1.6 = P1.7 = EW = Voo; 
STADC 
= Vss; CRXO = 2.7 V; CRX1 = 2.3 V. 


b) The analog 
operating current measurement: 
Port 5 = AVoo; CAN: register 6: = OOH; 
load current reference voltage source 100 JAA. 


2. 
Conditions for: 


a) The digital 
Idle mode supply current measurement: 
all output pins disconnected; 
XTAL1 is driven with t, = tf = 10 ns; V1L= Vss + 0.5 V; V1H= Voo - 0.5 V; Port 0 = P1.6 = P1.7 = EW = Voo; 
EA = RST = STADC = Vss; CRXO = 2.7 V; CRX1 = 2.3 V. 


b) The analog 
Idle mode current measurement: 
Port 5 = AVoo; CAN: register 6: = OOH; 
load current reference voltage source 100 JAA. 


3. 
Conditions for: 


a) The digital 
Idle and Sleep mode supply current measurement: 
all output pins disconnected; 


XTAL 1 is driven with t, = tf = 10 ns; V1L= Vss + 0.5 V; V1H= Voo - 0.5 V; 
Port 0 = P1.6 = P1.7 = EW = CRXO = Voo; EA = RST = STADC = CRX1 = Vss; 
CAN: register 6: = OOH,register 7: = 12H, register 8: = 02H, register 0: = 20H, wait 15tcv, 
register 1: = 1OH, wait for bit Sleep = 1. 


b) The analog 
Idle and Sleep mode current measurement: 
Port 5 = AVoo; 
load current reference voltage source 100 JAA. 


4. 
Window devices have to be covered. Conditions for: 


a) The digital 
Power-down 
mode supply current measurement: 
all output pins and Port 5 disconnected; 


Port 0 = P1.6 = P1.7 = EW = CRXO = Voo; 
EA = RST = STADC = CRX1 = XTAL 1 = AVREF+= AVREF_= CVss = Vss; 
AVoo = Voo, but current into AVoo pin is not comprised 
in digital Power-down 
current. 


b) The analog 
Power-down 
mode supply current measurement: 
Port 5 = AVoo. 


5. 
Capacitive 
loads on Port 0 and Port 2 may degrade the LOW level output voltage of ALE, Port 1 and Port 3. 


During a HIGH-to-LOW 
transition 
on the Port 0 and Port 2 pins and a capacitive 
load >100 pF, the ALE LOW level 


may exceed 0.8 V. In the case that it is necessary to connect ALE to a Schmitt trigger input respectively 
use an 
address latch with a Schmitt trigger STROBE Input. 


6. 
Capacitive loads on Port 0 and Port 2 may cause a HIGH level voltage degradation 
of ALE and PSEN below 0.9Voo 
during the address bits are stabilizing. 


7. 
tCY = 12 tCLKis the machine cycle time. 


8. 
AVREF+ 
= 5.12 V; AVREF- 
= 0 V; AVoo = 5.0 V. 


9. 
The differential 
non-linearity 
(DI;,) is the difference between the actual step width and the ideal step width. 


10. The ADC is monotonic, there are no missing codes. 


11. The integral non-linearity 
(II;,) is the peak difference between the centre of the steps of the actual and the ideal 
transfer curve after appropriate 
adjustment 
of gain and offset error. 


12. The offset error (OSe) is the absolute difference between the straight line which fits the actual transfer curve after 
removing gain error, and a straight line which fits the ideal transfer curve. The offset error is constant at every point 
of the actual transfer curve. 


13. The gain error (Ge) is relative difference 
in percent between the straight line fitting the actual transfer curve after 


removing offset error and the straight line which fits the ideal transfer curve. The gain error is constant at every point 
on the transfer curve. 


14. The absolute voltage error (Ae) is the maximum difference between the centre of the steps ofthe actual transfer curve 
of the not calibrated ADC and the ideal transfer curve. 


15. Not tested during production. 


16. Source current for the CTXO, CTX1 outputs together. 


50 
100 
(mA) 


40 


30 


20 


10 


0 
0 
4 
8 
12 
16 
fCLK (MHz) 


(1) 
Maximum 
Operating 
mode 
(100); Voo = 5.5 V 


(2) 
Maximum 
Operating 
mode (100); Voo = 4.5 V 


(3) 
Maximum 
Idle and Sleep mode (100(15); Voo = 5.5 V 


(4) 
Maximum 
Idle and Sleep mode 
(100(15); 
Voo = 4.5 V 


1023 


1022 


1021 


1020 


1019 


t 


1018 


code 
out 


6 


4 


3 


2 


/ 
I 
I 
I 
I 
I 


/ 
101810191020 
102110221023 
1024 


AV,N (LSBideal) 
__ 


{ 
_ AVREF+-AVREF-} 
1 LSB ideal 
- 
1024 
MGA173 


(1) 
Example of an actuaJ transfer curve. 


(2) 
The ideal transfer 
curve. 


(3) 
Differential 
non~inearity 
(OLe). 


(4) 
Integral 
non-linearity 
(1Le>. 


(5) 
Centre of a step of the actual transfer 
curve. 


21 
AC CHARACTERISTICS 


See notes 1 and 2; Cl = 100 pF for pon 0, ALE and PSEN; Cl = 80 pF for all other outputs unless otherwise specified. 


fcU< = 16 MHz 
fcU< = 12 MHz 
VARIABLE 
CLOCK 


SYMBOL 
PARAMETER 
1.2to 
16 MHz 
UNIT 


MIN. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


External Program Memory 


tlHll 
ALE pulse width 
85 
- 
127 
- 
2tclK - 40 
- 
ns 


tAvll 
address valid to ALE LOW 
23 
- 
43 
- 
tClK -40 
- 
ns 


tlLAX 
address hold after ALE LOW 
33 
- 
53 
- 
tClK - 30 
- 
ns 


tLLlV 
ALE LOW to valid instruction in 
- 
150 
- 
233 
- 
4tClK -100 
ns 


tllPl 
ALE LOW to PSEN LOW 
33 
- 
53 
- 
tClK - 30 
- 
ns 


tPlPH 
PSEN pulse width 
143 
- 
205 
- 
3telK - 45 
- 
ns 


tPLIv 
PSEN LOW to valid instruction in 
- 
83 
- 
145 
- 
3tClK-105 
ns 


tPXIX 
input instruction 
hold after PSEN 
0 
- 
0 
- 
0 
- 
ns 


tPXIZ 
input Instruction float after PSEN 
- 
38 
- 
59 
- 
tClK - 25 
ns 


tAVIV 
address to valid Instruction in 
- 
208 
- 
312 
- 
5tClK -105 
ns 


tPLAZ 
PSEN LOW to address float 
- 
10 
- 
10 
- 
10 
ns 


External data memory 


tRlRH 
RD pulse width 
275 
- 
400 
- 
6tclK -100 
- 
ns 


tWlWH 
WR pulse width 
275 
- 
400 
- 
6tclK -100 
- 
ns 


tAVll 
address valid to ALE LOW 
8 
- 
28 
- 
tClK - 55 
- 
ns 


tlLAX 
address hold after ALE LOW 
33 
- 
53 
- 
tClK - 30 
- 
ns 


tRlDV 
RD LOW to valid data In 
- 
148 
- 
252 
- 
5tClK-165 
ns 


tRHDX 
data hold after RD 
0 
- 
0 
- 
0 
- 
ns 


tRHDZ 
data float after RD 
- 
55 
- 
97 
- 
2tClK - 70 
ns 


tllDV 
ALE LOW to valid data in 
- 
350 
- 
517 
- 
8tClK -150 
ns 


tAVDV 
address to valid data in 
- 
398 
- 
585 
- 
StClK -165 
ns 


tllWl 
ALE LOW to RD or WR LOW 
138 
238 
200 
300 
&elK 
- 50 
31ClK + 50 
ns 


tAVWl 
address valid to RD or WR LOW 
120 
- 
203 
- 
4tClK -130 
- 
ns 


tWHlH 
RD or WR HIGH to ALE HIGH 
23 
103 
43 
123 
tClK - 40 
tClK + 40 
ns 


tavwx 
data valid to WR transition 
13 
- 
33 
- 
tClK - 50 
- 
ns 


tavwH 
data valid time WR HIGH 
288 
- 
433 
- 
7telK -150 
- 
ns 


tWHOX 
data hold after WR 
13 
- 
33 
- 
tClK -50 
- 
ns 


tRLAZ 
RD LOW to address float 
- 
0 
- 
0 
- 
0 
ns 


Notes 


1. 
For the AC Characteristics 
the following conditions 
are valid: P8xC592 FFA (FHA): VDD = 5 V ± 10%; 


T amb = -40 to +85 °C (125°C); 
fClK = 1.2 to 16 MHz. 


2. 
tClK = ~ 
= one oscillator clock period; 
tClK = 62.5 ns at fClK = 16 MHz. 
ClK 


CAN Input comparator/output 
driver 


tsd 
sum of input and output 
delay 
AVoo = 5 V ± 5%; VOIF = ± 32 mY; 
1.4 V <VI < AVoo -1.4 
V 


2.4 V =J_2.-o-v-----fl_oa_t~~~_-_-_-_-_-_-_2~.0~VC 
2.4 V 


0.8 V 
0.8 V 
0.45 V 
0.45 V 


AC testing inputs are driven at 2.4 V for a HIGH and 0.45 V for a Law. 


Timing measurements are taken at 2.0 V for a HIGH and 0.8 V for a LOW, see Fig.29 (a). 


The float state is defined as the poinl at which a Port 0 pin sinks 3.2 mA or sources 400 jlA at lhe voltage tesllevels, see Fig.29 (b). 
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sampling time of 1,0 port pins during Input (including INTO and INT1) 


SERIAL 
PORT 
CLOCK 


The Port 5 input buffers have a maximum propagation delay of 300 ns. 
As a result Port 5 sample time begins 300 ns before state S5 and ends 
when S5 has finished. 


VARIABLE 
CLOCK 


SYMBOL 
PARAMETER 
(fcu< = 1.2 to 16 MHz) 
UNIT 


MIN. 
MAX. 


tCLK 
oscillator clock period (P83C592) 
62.5 
833.3 
ns 


tHIGH 
HIGH time 
20 
teLK -tLOW 
ns 


tLOw 
LOW time 
20 
teLK - tHIGH 
ns 


tr 
rise time 
- 
20 
ns 


t, 
fall time 
- 
20 
ns 


tCY 
cycle time (12 x tCLK> 
0.75 
to 
J.l.S 


fcU< 


SYMBOL 
PARAMETER 
16 MHz 
12 MHz 
VARIABLE CLOCK 
UNIT 


MIN. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


tXLXL 
Serial Port clock cycle timing 
0.75 
- 
1.0 
- 
12tCLK 
- 
ms 


tavxH 
output data setup to clock rising edge 
492 
- 
700 
- 
1OtCLK-133 
- 
ns 


tXHOX 
output data hold after clock rising edge 
8.0 
- 
50 
- 
2tCLK-117 
- 
ns 


tXHOX 
input data hold after clock rising edge 
0 
- 
0 
- 
0 
- 
ns 


tXHDV 
clock rising edge to input data valid 
- 
492 
- 
700 
- 
1OtCLK-133 
ns 


,OUTPU.TDATA, 


t 
WRITETOSBUF 


, INPU~DATA, 
t 


CLEARRI 
+ 
SETRI 


It is measured from the initiation of the transfer up to the 
signalling of reception. 
For instance, this is the period of time between 
programming 
the CAN Command 
Register bit 0 


(Transmission 
Request) to HIGH and the time getting an 
interrupt at a receiving CAN-device 
(due to the reception 
of the respective 
message). 


22.1 
Latency time requirements 


Real-time applications 
require the ability to process and 


transfer information 
in a limited and predetermined 
period 


of time. If knowing this total time and the time required to 
process the information, the (maximum allowed) transfer 
delay time is given. 


22.1.1 
MAXIMUMALLOWEDBIT-TIMECALCULATION 


The maximum allowed bit-time (tBIT)due to latency time requirements 
can be calculated as: 


t 
tMAXTRANSFERTIME 
BITS ( 
) 
nBIT.MAXLATENCY+ nB1T,MESSAGE 


.Where: 


• tMAXTRANSFERTIME: 


the maximum allowed transfer delay time (application-specific). 


• nBIT,MAXLATENCY: 
the maximum latency time (in terms of number of bits), which depends on the 
actual state of the CAN network (e.g. another message already on the network); 


• nBIT,MESSAGE: 
the number of bits of a message; it varies with the number of transferred 
data bytes 


nDATABYTES(0..8) and Stuffbits like: 


Example: 


For the calculation of nBIT,MAXLATENCYthe following 
is assumed (the term 'our message' refers to that one the latency 
time is calculated for) : 


• since at maximum one-bit-time 
ago another CAN-controller 
is transmitting. 


• a single error occurs during the transmission 
ofthat 
message preceding ours, leading to the additional transfer of one 


Error Frame 


• 'our message' 
has the highest priority, 


giving: 


Where: 


• The additional 18 bits are due to the Error Frame and the Intermission 
Field preceding 
'our message'. 


• nDATABYTES,WORSTCASEdenotes the number of data bytes contained 
by the longest message being used in a given 
CAN network. 


22.1.2 
CALCULATINGTHE MAXIMUMBIT-TIME 


Table 93 Example for calculating the maximum bit-time 


STATEMENT 
COMMENTS 


tMAXTRANSFERTIME= 10 ms 
assumption 


nDATABYTES,WORSTCASE= 6 
longest message in that network; assumption 


nDATABYTES= 4 
'our message'; assumption 


nBITMAXLATENCYS 130 
using Equation (3) and (4) 


nMESSAGES 92 
using Equation (2) 


10 ms 
0.045 ms = 45 I1s 
using Equation (1) 
tB1Ts (130+92) 


22.2 
Connecting 
a P8xC592 to a bus line 


(physical 
layer) 


22.2.1 
ON-CHIP TRANSCEIVER 


The P8XC592 features an on-chip differential transceiver 
including output driver and input comparator 
both being 


configurable 
(see Fig.36). Therefore 
it supports many 


types of common transmission 
media such as: 


• Single-wire 
bus line 


• Two-wire 
bus line (differential) 


• Optical cable bus line. 


The P8xC592 can directly drive a differential 
bus line. 


An example is given in Fig.37 for a bus line having a 
characteristic 
Impedance of 120 Q. Direct interfacing to 


the bus line is well suited for applications with limited 
requirements 
concerning 
electromagnetic 
susceptibility, 
wiring failure tolerance and protection against transients. 


Fig.38 shows a versatile transceiver 
implementation 


designed for automotive applications. 
It features a bit rate 


of up to 1 MbiVs and dissipates low power during standby 
(1.4 mAl. Thus it is suitable also for applications 
requiring 


a Sleep mode function with system activation via the bus 
line. The transceiver 
provides and extended common 


mode range for high electromagnetic 
susceptibility 


performance. 


Two external driver transistors 
amplify the output current 


to 35 mA typically and provide protection against 
overvoltage 
conditions on the bus line (e.g. due to an 


accidental short-circuit 
between a bus wire and battery 
voltage). The serial diodes prevent in combination with the 
transistors the bus from being blocked in case of a bus not 
powered. More than 32 nodes may be connected to the 
bus line. 


22.2.3 
DETECTIONANDHANDLINGOF Bus WIRING 
FAILURES 


Using the P8xC592 a superior wiring failure tolerance and 
detection performance 
can be achieved. This requires 


both bus lines to be mutually decoupled 
as shown in 


Fig.39. Each bus wire is based separately to a reference 
voltage of %AVDD. 


The diodes suppress reverse current in case of a 
termination 
circuit being not properly powered or a bus line 
being short I.e. to a voltage higher than 5 V. Applying this 
bus termination 
circuit the following wiring failures on the 


bus are detectable 
and can be handled: 


• Interruption 
of one bus wire at any location. 


• Short-circuit 
of one bus wire to ground or battery 


voltage. 


• Short-circuit 
between the bus wires. 


A bus failure can be detected e.g. by a drop out of a status 
message, regularly being transmitted 
on the bus. If a bus 


wire is corrupted the following actions have to be taken: 


• Switch the corresponding 
comparator 
input over to a 
reference voltage of %AVDD. 


• Disable the corresponding 
output driver stage. 


As a consequence 
communication 
will continue on that 


bus wire not being corrupted. The required reference 
voltage and the switches for the comparator 
Inputs are 


provided on-chip. An output driver stage can be disabled 
by reconfiguration 
of the on-chip output driver 


(reprogramming 
of the Output Control Register of the 


P8xC592; see Section 13.5.11, Table 51). To find out 
which of the bus wires is corrupted a heuristic method is 
applied. 
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~01.5kQ 
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MGA187 


r--------------, 
I 
I 
I 
I 


: 
BUS NODE 
: 


I 
I 


I 
I 
I 
I 
L 
...J 


C1 
::: 


100nFl 
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22.2.4 
CONNECTIONTO AN OPTICALBus liNE 


Using an optical medium provides the following 
advantages: 


• Bus nodes are galvanically 
decoupJed. 


• Optical cable features very high noise immunity. 


• No noise emission by the bus cable. 


An example for an interface to an optical connector is 
given in Fig.40. In most cases a transistor 
is required to 


amplify the TX-output 
current. 


OUTPUT 
CONTROL 
REGISTER 


00011110B 
(lEH) 
o,OO010110B 
(16H) 


Thus more optical power is provided to compensate 
for 


losses in the optical connectors 
and the optical star. The 


P8xC592 features an on-chip %AVoo reference voltage 
output so only a capacitor is required for the receiver part. 
Two optical fibres are used to connect the bus nodes. The 
TX-fibre transfers the output signal of the CAN-controller 
to the optical star. The optical star transfers the TX-fibre 
input signal over to all the AX-fibres. The RX-fibres 
transfer the resulting optical signal over to the receivers of 
all the bus nodes. 


OPTICAL 
CONNECTOR 
HBFR·0501 


SERIES 


22.2.5 
PaxC592 CAN INTERRUPTHANDLERSOFTWAREEXAMPLE(INCLUDINGFASTDMA TRANSFER). 


MCS-51 MACRO ASSEMBLER 
P8xC592 CAN Interrupt-handler 


OOAO 


00A1 


00A5 


00A7 


00A9 


OOAB 


OOAD 


OOAE 


OOAF 


$TITLE (8xC592 CAN interrupt-handler) 


$NOSYMBOLS 
NOPAGING 


;Very fast receive-routine 
for the 8xC592. It: 


• is embedded 
in the interrupt-handler 
for the CAN-controller, 


• uses the DMA-Iogic and 


• handles up to eight different messages 


;(if these have the same leading 8 identifier-bits). 


;To allow for faster receive-routine, 
it is assumed that all other routines 


;accessing the CAN-controller, 
disable the interrupt of the CAN-controller 


;(IENO.5) during their execution. 


;Version: 


;Date: 


;Author: 


1.0 


12-April-90 


Bernhard Reckels 


Philips Components 
Application 
Lab., Hamburg (PCALH) 


;addresses of Special Function Registers 


CANADR 
EQU 
ODBH 


CANDAT 
EQU 
ODAH 


CANCON 
EQU 
OD9H 


CANSTA 
EQU 
OD8H 


35 


36 


OOAO 
37 


00A1 
38 


39 


40 


41 


42 


43 


44 


00A2 
45 


46 
47 


48 


020080 
49 


00A5 
50 


00A7 
51 


52 


53 


54 


00A9 
55 


OOAB 
56 


OOAO 
57 


58 


59 


60 


61 


62 


63 


64 


OOAE 
65 


OOAF 
66 


67 


OOBO 
68 


69 


70 


71 


;commands for the CAN-controller 
/ OMA logic 


CAN_REF _REL 
EQU 
00000100B 


CAN_RX_OMA 
EQU 
80H + 22 


; addresses 
of CAN-controller 
internal registers 


CAN_REF 
EQU 
20 


; masks 


INTJLAG_MASK 
EQU 
00011111B 


102_0_MASK 
EQU 
11100000B 


; jump-address 
for a CAN-controller 
interrupt 


CSEG at2BH 


LJMP 


OSEGat 
20H 


CANJNT JMAGE: 
OS 


BSEG,atOOH 


CANJNT_RX: 


CAN 
INT TX: 


CANJNT_KR: 


CAN_INT_OV: 


CAN_INT_WK: 


OBIT 


OBIT 


OBIT 


OBIT 


OBIT 


;Release Receive Buffer 


;Rx OMA-transfer 


;all CAN's interrupt-flags 


;only 10.2 ... 10.0 bits 


; = CAN_I NTJ MAG E.0 


; = CAN_INT_'MAGE.1 


; = CANJNT_'MAGE.2 
; = CAN_INT_IMAGE.3 


; = CAN_INT_'MAGE.4 


LaC 
OBJ 
LINE 


OOAO 
72 


00A1 
73 


74 


CODO 
75 


COEO 
76 


77 


78 


79 


00A2 
80 


81 


82 


E5D9 
83 


541F 
84 


00A5 
F520 
85 


00A7 
86 


87 


88 


89 


00A9 
100000 
90 


OOAB 
91 


OOAD 
92 


93 


94 


95 


96 


97 


98 


99 


OOAE 
100 


OOAF 
101 


102 


OOBO 
103 


75DB15 
104 


E5DA 
105 


106 


SOURCE 


CAN-, NT_HANDLER: 


; first save used registers 


PUSH 
PSW 


PUSH 
ACC 


; store the CAN-controller's 
Interrupt Register contents 


; (here: at a bit-addressable 
location). 


; This is necessary because after reading the Interrupt Register 


; its contents is cleared, but - on the other hand - several flags 


; may be set in coincidence. 


MOV 
A,CANON 


ANL 
A, #INT_FLAG_MASK 
; only interrupt-flags 


MOV 
CAN-'NT_IMAGE. 
A 


;dispatcher----------------------------------------------------------------------------------------------- 


INT TESTO: 


JBC 
CAN_INT_RX,CAN_RX_SERV 
;receive-interrupt? 


INT_TEST1: 


; here the dispatcher 
has to be completed 
according 


; to the application-specific 
requirements 


;Rx-serve-------------------------------------------------------------------- 
_ 


; copy message (Data-Field only) from CAN- to CPU memory 


CAN_RX_SERVE 


; read 2nd Descriptor-Byte 
from the Rx-Buffer (address 21) 


MOV 
CANADR, #CAN_REF 
+ 1 


MOV 
A, CANDAT 


LOC 
OBJ 
LINE SOURCE 


OOAO 
107 
; determine the destination 
address in data-memory 
for the 


00A1 
108 
; message's 
Data-Field 


54EO 
109 
ANL 
A, #ID2_0_MASK 
; use ID.2 ... ID.O only 


C4 
110 
SWAP 
A 


03 
111 
RR 
A 
; A = 4*ID.2 + 2*ID.1 + ID.O 


112 
; this value is used as an index for an array of 8 bytes 


113 
; containing the destination-addresses 
for the 8 different 


114 
; messages. 
Note, that the #AX _ARRAY_OFFSET 
is due to the 


00A2 
115 
; program counter-relative 
access to the array. 


2415 
116 
ADD 
A, #RX_ARRAY_START 
- AX_ARRAY_OFFSET 


83 
117 
MOVC 
A,@A+PC 


118 
RX_ARRAY_OFFSET: 


119 


00A5 
120 
; if a message passes the acceptance-filter 
of the CAN 


00A7 
121 
; Controller, but the CPU doesn1 need it, the array 


122 
; entry's value may be set to zero indicating this. 


123 
; The following <jz> instruction cares for this. 


6007 
124 
JZ 
CAN 
AX 
READY 


00A9 
125 


OOAB 
126 
; now copy the Data-Field 
(only) from CAN- to CPU memory 


OOAD 
127 
; with the aid of the DMA-Iogic. Note, that a TX-DMA is 


128 
; performed when writing 8AH (DMA + address 10) into CANADR 


129 
; and a RX-DMA is performed when writing 94H (DMA + address 20) 


130 
; ... 9DH (DMA + address 29) into CANADA. 
Here address 22 is 


131 
; used to copy just the Data-Field. 


F5D8 
132 
MOV 
CANSTA, A 
; data-memory 
address 


75DB96 
133 
MOV 
CANADR,#CAN_RX_DMA 
; starts RX-DMA at address 22 
134 


OOAE 
135 
; the DMA-transfer 
is done in at maximum 2 instruction cycles. 


OOAF 
136 
; During the transfer, neither the data-memory 
(RAM) nor one 


137 
; of the SFRs CANADR, CANDAT, CANCON and 


OOBO 
138 
; CANSTA may be accessed by the CPU. 


139 
; For simplicity, two NOPs are used here. 


00 
140 
NOP 


00 
141 
NOP 


OOAO 
142 


LOC 
OBJ 
LINE SOURCE 


00A1 
143 
; after reading the Rx-Buffer it must be released back to 


144 
; the CAN-controller. 
In coincidence, 
the Clear Overrun bit 


145 
; (CANCON.3) 
may be set, regardless of an existing or 


146 
; non-existing 
data overrun. 


147 
CAN_AX_READY: 


750904 
148 
MOV 
CANCON,#CAN_RBF_REL 


149 


00A2 
150 
; if no other interrupt-flag 
is set, the interrupt-handler 


151 
; for the CAN-controller 
can be left. Otherwise further 


152 
; services are required. 


E520 
153 
MOV 
A, CAN_INTJMAGE 


70E4 
154 
JNZ 
INT_TEST1 


00A5 
155 


00A7 
156 
; no other service is required, so the interrupt-handler 


157 
; is left. 


DOEO 
158 
POP 
ACC 


DODO 
159 
POP 
PSW 


00A9 
32 
160 
RETI 


OOAB 
161 
; end of Ax-serve---- --.-- ••••------------ ------------- •••-------------- ------------- ••------ --------- 


OOAD 
162 


163 
; here the array follows containing 8 destination-addresses 


164 
; for up to 8 different messages to be received. The values 


165 
; are fUlly application-specific 
(the values below show an 


166 
; example only). 


167 
AX_ARRAY _START: 


EO 
168 
DB 
OEOH 
; Rx-message 
#0 


00 
169 
DB 
OOOH 
; this message is not used 


OOAE 
170 
, ... 


OOAF 
FA 
171 
DB 
OFAH 
; RX-message 
#7, containing 6 data bytes 


172 


OOBO 
173 
END 


FEATURES 


• 80C51 central processing unit (CPU) 


• 32 kbytes on-chip ROM, 
externally expandible to 64 kbytes 


• 2 x 256 bytes on-Chip RAM, 
externally expandible to 64 kbytes 


• Two standard 
16-bit timers/counters 


• One additional 
16-bit timer/counter 
coupled to four 


capture and three compare registers 


• 1O-bit ADC with 8 multiplexed 
analog inputs 


• Two 8-bit resolution Pulse Width Modulated outputs 


• 15 interrupt sources with 2 priority levels 


(2 to 6 external interrupt sources possible) 


• Five 8-bit I/O ports, plus one 8-bit input port shared with 


analog inputs 


• CAN-controller 
(CAN = Controller Area Network) 
with DMA data transfer facility to internal RAM 


• 1 Mbit/s CAN-controller 
with bus failure management 


facility 


• %AVoo reference voltage 


• Full-duplex 
UART compatible with the standard 80C51 


• On-chip Watchdog Timer (WDl) 


• 1.2 to 16 MHz clock frequency 


• Improved Electromagnetic 
Compatibility 
(EMG). 


2 
GENERAL 
DESCRIPTION 


The P8xCE598 
is a single-chip 
8-bit high-performance 


microcontroller 
with on-chip CAN-controller, 
derived from 


the 8OC51 microcontroller 
family. 
It uses the powerful 80C51 instruction set. 
Figure 1 shows a block diagram of the PaxcE598. 


The P8xCE598 
is manufactured 
in an advanced CMOS 


process, and is designed for use in automotive 
and 


general industrial applications. 
In addition to the 8OC51 


standard features, the device provides a number of 
dedicated hardware functions for these applications. 


Two versions of the PaxCE598 will be offered: 


• P80CE598 
(without ROM) 


• P83CE598 
(With ROM) 


Hereafter these versions will be referred to as P8xCE598. 


The temperature 
range includes (max. fCLK= 16 MHz): 


• -40 to +85 ·C version, for general applications 


• -40 to +125 ·C version for automotive 
applications. 


The P8xCE598 combines the functions 
of P8XC552 


(microcontroller) 
and the PCA82C200 
(Philips 


CAN-controller) 
with the following enhanced features: 


• 32 kbytes Program Memory 


• 2 x 256 bytes Data Memory 


• DMA between CAN Transmit/Receive 
Buffer and 


internal RAM. 


The main differences to the P8XC552 microcontroller 
are: 


• 32 kbytes programmable 
ROM (P8XC552 has 8 kbytes) 


• Additional 256 bytes RAM 


• A CAN-controller 
instead of the 12C-serial interface. 


2.1 
Electromagnetic 
Compatibility 
(EMC) 


Primary attention is paid to the reduction of 
electromagnetic 
emission of the microcontroller 


P8xCE598. The following features 
reduce the 


electromagnetic 
emission and additionally 
improve the 


electromagnetic 
susceptibility: 


• One analog part power supply pin (AVoo) and one 


analog part ground pin (AVss), placed as a pair of pins 
on one side of the package (see Fig.3), providing power 
supply (+5V) and ground for ADC, CAN receiver and 
reference voltage. 


• Four digital part supply voltage pins (V001 to V004) and 


four digital part ground pins (VSS1 to Vss4) are provided 
on the package. These pins, one Voo and one Vss as a 
pair of pins are placed on each of the four sides of the 
package to provide: 


- 
Voo1Nss1 for internal logic (CPU, TimerS/counters, 
Memory, CAN, UART, ADG) 


- 
V002NSS2 for Port 1, Port 3 and Port 4, and PWMO 
and PWM1 outputs 


VooJ1'VsS3for the on-chip oscillator 


VOa4NSS4 for the Port 0, Port 2, ALE output and 
PSEN output. 


• External capacitors should be connected 
across 


associated VODx and Vssx pins (i.e. V001 and VSS1). 
Lead length should be as short as possible. Ceramic 
chip capacitors are recommended 
(100 nF). 


• One CAN supply voltage pin (CVoo) and one CAN 


ground pin (CVss) as a pair of pins placed on one side 
of the package proViding (digital part) power supply 
(+5V) and ground for the CAN transmitter 
outputs. 


• Internal decoupling 
capacitance 
improves the EMC 


radiation behaviour and the EMC immunity. 


2.2 
Recommendation 
on ALE 


For application that require no external memory or 
temporarily 
no external memory: the ALE output signal 


(pulses at a frequency 
of % fosd 
can be disabled under 


software control (bit 5 in PCON SFR: 'RFI); 
if disabled, no 


ALE pulse will occur. ALE pin will be pulled down 
internally, switching an external address latch to a quiet 
state. The MOVX instruction will still toggle ALE as a 
normal MOVX. 


ALE will retain its normal HIGH value during Idle mode and 
a LOW value during Power-down 
mode while in the 'RFI 


reduction mode'. 


Additionally 
during internal access (EA = 1) ALE will toggle 


normally when the address exceeds the internal Program 
Memory size. During external access (EA = 0) ALE will 
always toggle normally, whether the flag 'RFI' is set or not. 


TYPE 
PACKAGE 
,. 


TEMPERATURE 
FREQ. 
NUMBER 
NAME 
DESCRIPTION 
VERSION 
RANGE rC) 
(MHZ) 
. 


Without 
ROM 


P80CE598FFB 
plastic quad flat package; 80 leads (lead 
-40 to +85 


P80CE598FHB 
OFP80 
length 1.95 mm); body 14 x 20 x 2.7 mm; 
SOT318-1 
1.2 to 16 
high stand-off height 
-40 to +125 


With ROM 


P83CE598FFB 
plastic quad flat package; 80 leads (lead 
-40 to +85 


P83CE598FHB 
OFP80 
length 1.95 mm); body 14 x 20 x 2.7 mm; 
SOT318-1 
1.2 to 16 


high stand-off height 
-40 to +125 


CD 
CD 
'" 
t... 
c: 
::J 
'"..., 


XTAL1 


XTAL2 


EA 


PSEN 


WR 


Co) 
AD 
cO 
:::l 


ADOtoADl 


AS to A15 


-- 
ADCO to ADCl 
PWMO 
'I~r 


-- 
STADe 
CRX1 
CTX1 
VDD 
PWM1 
AVref 
TO 
T1 
INTO 
INT1 
VSS 
+ 
- 
CRXO 
CTXO 


(4) 
(4) 
(4) 
(4) 
I 
I 
(6) 
(2) 
(2) 


1/2AVDD 
-I-t 
'--- 
- 
- 


TO, T1 
PROGRAM 
AUXILIARY 
DATA 
- 
+--~ 
TWO 16 -BIT 
MEMORY 
MEMORY 
MEMORY 
DUAL 
nMERJ 
CPU 
ADe 
CAN 
32Kx 8 
256x8 
256x8 
PWM 
EVENT 
ROM 
RAM 
RAM 
COUNTERS 
- 
(7) 
-I-t 
'-- - 
1 


•.... 


sr 
8OG51 
DMA-BUS 
core 
+--1- 
excluding 
ROM/RAM 


INnERNAL BUS 


+-;,-1- 


P8xCE598 
+-;'-f- 
16 


r-- 
- 
r-- 
- 
1 


T2 
THREE 
PARALLEL 
FOUR 
16-BIT 
f4 
(1) I 


SERIAL 
8-BIT 
16-BIT 
..:;... 
COMPARATOR 
T3 
I/O PORTS 
UART 
110 
16-BIT 
TIMERJ 
COMPARATORS f4 
OUTPUT 
WATCHDOG 
& 
PORT 
PORTS 
CAPTURE 
EVENT 
WITH 
SELECnON 
nMER 
EXT. BUS 
LATCHES 
REGISnERS 
f4 


P)~- 


COUNTER 
---, 
- 
- - 
- 
- 
(4) 
(4) 
(2) 
(2) 
(5) 
- 


(1) 
Attemative 
function 
of Port O. 


(2) 
Attemative 
function 
of Port 1. 


(3) 
Memative 
function 
of Port 2. 


(4) 
Atternative 
function 
of Port 3. 


(5) 
Memative 
function 
of Port 4. 


(6) 
Mernative 
function 
of Port 5. 


(7) 
Not present 
in P80CE598. 


". 


"'0 
()) 
§[ 


ll:J 
I 
"6' 


r- 
C" 
C/l 
0 
;:::;: 
(f) 
0 
<D 
" 
3 
3 
0' 
0 
O· 
0 
i> 
...• 
::l 
C. 


C) 
0 
t: 


~ 
() 
!l 
0 
0 
3: 
~ 
Cil 


CVSS 
- 
...,0 


CD 
CVDD 
..., 
~ 
;:::;: 
:::T 
0~ 
I() 
:::T 
-0' 


SZz 


alternative 
function 


_0 
_ADO 


_1 
_AD1 


Eft. 
_2 
_AD2 
LOWORDER 


_3 
_AD3 
ADDRESS 
PSEN 
_4 
PORTO 
_AD4 
AND 
ALE 
_ADS 
DATABUS 
_S 
PWMO 
_6 
_AD6 


PWM1 
_7 
_AD7 


CRXO 
_0 
+-- 
CTOI/INT2 
CRX1 
_1 
+-- 
CT11j1NT3 


REF 
_2 
+-- 
CT21/1NT4 
AVSS 
_3 
+-- 
CT31/1NTS 
AVDD 
_4 
PORT1 
+-- 
T2 
AVref+ 
_S 
+-- 
RT2 
AVref_ 
_6 
--+ 
ClXO 
ahernative 
function 
_7 
--+ClX1 
~ 
ADCO--+ 
_0 
--+All 


ADC1 --+ 
P8xCE598 
_1 
--+A9 


ADC2 --+ 
_2 
--+A10 
ADC3 --+ 
_3 
--+A11 
HIGHORDER 
PORTS 
PORT2 
ADDRESS 
ADC4 --+ 
_4 
--+A12 
BUS 
ADCS --+ 
_S 
--+A13 
ADC6 --+ 
_6 
--+A14 
ADC7 --+ 
_7 
--+A1S 


CMSRO+-- 
_0 
+-- 
RXD/DATA 
CMSR1+-- 
_1 
--+lXD/CLOCK 
CMSR2+-- 
_2 
+--INTO 
CMSR3+-- 
_3 
PORT3 
+--INT1 
CMSR4+-- 
PORT4 
_4 
+-- 
TO 


CMSR5+-- 
_S 
+--T1 
CMTO+-- 
_6 
--+WR 


CMT1+-- 
_7 
--+RD 
+-- 
CVSS 
+-- 
CVDD 
+-- 
Vss 


+-- 
VDD 


MBD036 


8 
Ci 
~ 
'" 
..• 
"' 
~ 
•... 


Cl 
Cl 
Cl 
Cl 
~ ~ 


'3> 
..• ~ ~ 
;& 
~ ~ 
~ ~ ~ 
u..- 
Cl 
0 
'" 
..• 
"' 
to 
•... 


W 
C/) 
Cl 
d 
d 
d 
d 
d 
d 
d 
d 
.; 
.; 
<.> 
<.> 
0: 
> 
> 
11. 
11. 
11. 
11. 
11. 
11. 
11. 
11. 
.: 
.: 


ALE 


PSEN 


P2.7/A15 


P2.6/A14 


P5.7/ADC7 
P2.5/A13 


P2.4/A12 


P2.3/A11 


P2.2/A10 


P2.1/A09 


P5.2/ADC2 
P2.0/A08 


P5.1/ADC1 
VSS3 


P5.0/ADCO 
VDD3 


VSS1 
XTAL1 


VDD1 
XTAL2 


STADC 
n.c. 


PWMO 
n.c. 


PWM1 
P3.7/RD 


EW 
P3.6/WR 


P4.0/CMSRO 
P3.5/T1 


P4.1/CMSR1 
P3.4/TO 


P4.2/CMSR2 
P3.3/INT1 


P4.3/CMSR3 
P3.2/INTO 


n.c. 
P3.1/TXD 


P4.4/CMSR4 
P3.0/RXD 


MLB229 


"' 
0 
~ 


N 
~ 


fo- 
~ 
'" 
i! 
I:! 
~ 
~ 
lil ~ 
~ 


Cl 
0: 
~ 
Cl 
C/) 
fo- 


Cl 
C/) 
5' 
0: 
Z 
Z 
Z 
Z 
~ 
> 
::; 
~ 
~ 
> 
~ 
S 
~ 
s 
<.> 
~ 
~ 
(') 


<.> 
;:: 
'" 
0:: 
"' 


't. .. 
fo- 
0:: 
't. 
11. 
~ ~ 
~ ~ 
0:: 
0:: 
0 
"! 
'" 
0:: 
0:: 
0:: 
0:: 


SYMBOL 
PIN 
DESCRIPTION 


VOO1 
14 
Power supply, 
digital 
part: for internal logic (CPU, Timers/counters, 
Memory, CAN, UART, ADC). 


VOO2 
28 
Power supply, 
digital 
part: for Port 1, Port 3, Port 4, PWMO and PWM1 outputs. 


Voo3 
53 
Power supply, 
digital 
part: for the on-chip oscillator. 


Voo4 
76 
Power supply, 
digital 
part: for Port 0, Port 2, ALE output and PSEN output. 


STADC 
15 
Start ADC operation. 
Input starting analog-to-digital 
conversion 
(note 2). This pin must not float. 


PWMO 
16 
Pulse width 
modulation 
output 0. 


PMW1 
17 
Pulse width 
modulation 
output 1. 


EW 
18 
Enable Watchdog 
Timer 
(WDT): enable for T3 Watchdog Timer and disable Power-down 
mode. 


This pin must not float. 


RST 
30 
Reset: input to reset the P8xCE598 
(note 3). 


CVss 
37 
Ground 
potential for the CAN transmitter 
outputs. 


CVoo 
40 
Power supply 
(+5V) for the CAN transmitter 
outputs. 


XTAL2 
51 
Crystal 
pin 2: output of the inverting amplifier that forms the oscillator. 
When an external clock oscillator is used this pin is left open-circuit. 


XTAL1 
52 
Crystal 
pin 1: input to the inverting amplifier that forms the oscillator, and input to the internal clock 


generator. Receives the external clock oscillator signal, when an external oscillator is used. 


Vss1 
13 
Ground, 
digital 
part: for internal logic (CPU, Timers/Counters, 
Memory, CAN, UART, ADC). 


VSS2 
29 
Ground, 
digital 
part: for Port 1, Port 3 and Port 4, and PWMO and PWM1 outputs. 


VSS3 
54 
Ground, 
digital 
part: for the on-chip oscillator. 


VSS4 
77 
Ground, 
digital 
part: for the Port 0, Port 2, ALE output and PSEN output. 


PSEN 
63 
Program 
Store Enable: 
Read strobe to external Program Memory (active LOW). 


Drive: 8 x LSTTL inputs. 


ALE 
64 
Address 
Latch 
Enable: 
latches the Low-byte of the address during accesses to external memory 
(note 4). Drive: 8 x LSTTL inputs; handles CMOS inputs without an external pull-up. 


EA 
65 
External 
Access 
Input. See note 5. 


REF 
78 
%AVoo reference 
voltage 
output respectively 
input (note 6). 


CRX1 
79 
Inputs 
from the CAN-bus 
line to the differential input comparator 
of the on-chip CAN-controller 


CRXO 
80 
(note 7). 


AVREF_ 
1 
Low-end 
of ADC (analog-to-digital 
conversion) 
reference resistor. 


AVREF+ 
2 
High-end 
of ADC (analog-to-digital 
conversion) 
reference resistor (note 8). 


AVss 
3 
Ground, 
analog 
part. For ADC, CAN receiver and reference voltage. 


AVoo 
4 
Power supply, 
analog 
part (+5 V). For ADC, CAN receiver and reference voltage. 


n.c. 
23, 
No connection. 


49, 
50, 
66, 
67 


Notes 


1. 
To avoid a 'latch up' effect at power-on: Vss - 0.5 V < 'voltage on any pin at any time' < Voo + 0.5 V .. 


2. 
Triggered by a rising edge. ADC operation can also be started by software. 


3. 
RST also provides a reset pulse as output when timer T3 overflows or after a CAN wake-up from Power-down. 


4. 
ALE is activated every six oscillator periods. During an external data memory access one ALE pulse is skipped. 


5. 
See Section 7.1, Table 3 for EA operation. For P83CE598 microcontrollers 
specified with the option 'ROM-code 
protection', the EA pin is latched during reset and is 'don't care' after reset, regardless 
of whether the ROM-code 
protection is selected or not. 


6. 
Pin 78, REF: 


a) Selection of input respectively 
output dependent 
of CAN Control Register bit 5 (CR.5; see Section 13.5.3 


Table 32). 


b) If the internal reference is used, then REF should be connected to AVss via a capacitor with a value of '" 10 nF. 


c) After an external reset (RST = HIGH) the internal %AVoo source is activated and, REF is a reference 
output. 


d) If the CAN-controller 
is in the reset state, e.g. after an external reset, then the 1/2AVOOsource is switched off 
during Power-down 
mode. 


7. 
CAN Bus line: 


a) CRXO level> 
CRX1 level is interpreted as a logic 1 (recessive). 


b) CRXO level < CRX1 level is interpreted 
as a logic 0 (dominant). 


8. 
The level of AVREF+ 
must be higher than that of AVREF-. 


SYMBOL 


PIN 
DESCRIPTION 
DEFAULT 
ALTERNATIVE 


Port 4 


P4.0to 
P4.7 
19 to 22, 24 to 27 
8-bit quasi-bidirectional 
I/O port. 


CMSRO 
19 
Compare 
and Set/Reset 
outputs 
for TImer T2. 


CMSR1 
20 


CMSR2 
21 


CMSR3 
22 


CMSR4 
24 
I 


CMSR5 
25 


CMTO 
26 
Compare 
and toggle 
outputs 
for TImer T2. 


CMT1 
27 


Port 1 


P1.0to 
P1.7 
31 to 36, 38 to 39 
8-bit quasi-bidirectional 
I/O port. 


CTOI/INT2 
31 
Capture 
timer 
Inputs 
for TImer T2, 


CT11/INT3 
32 
or 


CT21/INT4 
33 
External 
interrupt 
inputs 
2 to 5. 


CT31/INT5 
34 


T2 
35 
T2 event input 
(rising edge triggered). 


RT2 
36 
T2 timer 
reset input 
(rising edge triggered). 


CTXO 
38 
CAN transmitter 
output 0 (note 2). 


CTX1 
39 
CAN transmitter 
output 1 (note 2). 


SYMBOL 
PIN 
DESCRIPTION 
DEFAULT 
ALTERNATIVE 


Port 3 


P3.0to 
P3.7 
41 to 48 
S-blt quasi-bidirectional 
VO port. 


RXD 
41 
Serial Input Port. 


TXD 
42 
Serial Output 
Port. 


INTO 
43 
External 
Interrupt 
Input o. 


INT1 
44 
External 
Interrupt 
Input 1. 


TO 
45 
Timer 0 external 
Input. 


T1 
46 
Timer 
1 external 
Input. 


WR 
47 
External 
Data Memory 
Write strobe. 


RD 
48 
External 
Data Memory 
Read strobe. 


Port 2 (Sink/source: 
1 x TTL = 4 x LSTTL Inputs) 


P2.0 to P2.7 
55to 
62 
8-blt quasi-bidirectional 
VO port. 


A08to 
A15 
High-order 
address 
byte for external 
memory. 


Port 0 (Sink/source: 
S x LSTTL Inputs) 


PO.7 to PO.O 
68 to 75 
S-blt open drain 
bidirectional 
VO port. 


AD7toADO 
Multiplexed 
Low-order 
address 
and Data bus for 


external 
memory. 


Port 5 


P5.7to 
P5.0 
5 to 12 
S-blt Input port. 
IADC7 to ADCO 
S Input channels 
to ADC. 


Notes 


1. 
To avoid a 'latch up' effect at power-on: Vss - 0.5 V < 'voltage on any pin at any time' <VDD 
+ 0.5 V. 


2. 
If the CAN-controller 
is in the reset state (e.g. after a power-up reset; CAN Control Register bit CR.O; see 
Section 13.5.3 Table 32, the CAN transmitter 
outputs are floating and the pins P1.6 and P1. 7 can be used as 
open-drain 
port pins. After a power-up reset the port data is HIGH, leaving the pins P1.6 and P1. 7 floating. 


7 
MEMORY ORGANIZATION 


The Central Processing Unit (CPU) manipulates 
operands 
in three memory spaces (see Fig.4) as follows: 


o 32 kbytes internal, resp. 64 kbytes external Program 


Memory 


o 512 bytes internal Data Memory MAIN- and AUXILIARY 


RAM. 


o Up to 64 kbytes external Data Memory 


(with 256 bytes residing in the internal AUXILIARY 
RAM). 


The P8xCE598 functions will be described as shown in the 
following overview: 


o Memory organization 


o I/O Port structure 


o Pulse Width Modulated outputs 


o Analog-to-Digital 
Converter 


o Timers/Counters 


o Serial I/O Ports 


o Interru pt system 


o Power reduction modes 


o Oscillator circuitry 


o Reset circuitry 


o Instruction Set 


o EMC (see Section 2.1). 


INTERNAL 


(50.=1) 


EXTERNAL 


(50.=0) 


OVERLAPPED 
SPACE 


255 
/ 
\ 


127 
~D:~T~N~ B 


DIRECT 
AND 
INDIRECT 


~ 
EXTERNAL 
DATA 
MEMORY 


7.1 
Program Memory 


The Program Memory of the P8xCE598 consists of 32 kbytes ROM on-chip, externally expandible 
up to 64 kbytes. 


PIN EA (note 1) 
ADDRESS 
DURING RESET 
INSTRUCTIONS 
FETCHED FROM: 
LOCATION 
LATCHED TO: 
AFTER RESET 


H 
- 
internal Program Memory (note 2) 
OOOOH...• 7FFFH 


H 
- 
external Program Memory 
8000H ...• FFFFH 


L 
- 
OOOOH...• FFFFH 
- 
'don't care' 
- 
- 


Notes 


1. 
This implementation 
prevents reading of the internal program code by switching from external Program Memory 
during a MOVC instruction. 


2. 
By setting a security b~ the internal Program Memory content is protected, which means ~ cannot be read out. 
If the security b~ has been set to LOW there are no restrictions for the MOVC instruction. 


7.2 
Internal Data Memory 


The internal Data Memory is physically built-up and accessible as shown in Table 4 (see Fig.5). 


INTERNAL 
ADDRESS 
MODE 


DATA MEMORY 
SIZE 
LOCATION 
POINTERS 


DIRECT 
INDIRECT 


MAIN RAM 
256 bytes 
Oto 127 
X 
X 
Address pointers are RO and R1 of the 
(note 1) 
128 to 255 
- 
X 
selected register bank. 


AUXI UARY RAM 
256 bytes 
Oto 255 
- 
X 
Address pointers are RO and R1 of the 
(note 2) 
selected register bank and the DPTR. 


SFRs (note 3) 
128 bytes 
128 to 255 
X 
- 
- 


Notes 


1. 
MAIN RAM can be addressed 
directly and indirectly as in the 80C51. 


2. 
AUXILIARY 
RAM (0 to 255): 


a) 
Is indirectly addressable 
in the same way as the external Data Memory with MOVX instructions. 


b) 
Access will not affect the ports PO, P2, P3.6 and P3.7 during internal program execution. 


3. 
SFRs = Special Function Registers. 


NOTE: 
For chapters 7.3 through 18.2, 
please refer to the 8xC~j92 datasheet. 


19 
ABSOLUTE 
MAXIMUM 
RATINGS 


In accordance with the Absolute 
Maximum Rating System (IEC 134); note 1 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


Voo 
voltage on Voo pins 
-0.5 
+6.5 
V 


Vdnote 
t) 
input voltage on any pin 
-0.5 
Voo + 0.5 
V 
(except CTXO, CTX1, CRXO, CRX1 and ENVpp) 


VI (note 2) 
input voltage on ENVpp to Vss 
-0.5 
+13 
V 


11,10 
inpuVoutput current on any single I/O pin 
- 
±10 
mA 
(except from CTXO and CTX1) 


lOT 
sink current of CTXO, CTX1 together 
- 
30 
mA 


source current of CTXO, CTX1 together 
- 
-20 
mA 


Ptot 
total power dissipation 
(note 2) 
- 
1.0 
W 


Tstg 
storage temperature 
range 
-65 
+150 
·C 


Tamb 
operating ambient temperature 
range: 


P83CE598 
FFB/P80CE598 
FFB 
-40 
+85 
·C 


P83CE598 
FHB/P80CE598 
FHB 
-40 
+125 
·C 


Notes 


1. 
The following applies to the Absolute 
Maximum Ratings: 


a) Stresses above those listed under Absolute Maximum 
Ratings may cause permanent 
damage to the device. 
This is a stress rating only and functional 
operation of the device at these or any conditions 
other than those 
described 
in the Chapters "AC characteristics" 
and "DC characteristics" 
of this specification 
is not implied. 


b) This product includes circuitry specifically 
designed for the protection of its internal devices from the damaging 
effect of excessive static charge. However, its suggested that conventional 
precautions 
be taken to avoid 
applying greater than the rated maxima. 


c) 
Parameters 
are valid over operating temperature 
range unless otherwise specified. 


All voltages are with respect to Vss unless otherwise noted. 


2. 
This value is based on the maximum allowable die temperature 
and the thermal resistance of the package, not on 
device power consumption. 


20 
DC CHARACTERISTICS 


Voo = 5 V ± 10%; Vss = 0 V; all voltages with respect to Vss unless otherwise specified. 


Tamb = -40 to +125°C 
for the PaxCE598FFB; 
Tamb = -40 to +85 °C for the P8xCE598FHB. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Supply (digital part) 


Voo 
supply voltage 
4.5 
5.5 
V 


100 
operating supply current 
fCLK= 16 MHz; note 1 
- 
50 
mA 


100(10) 
supply current Idle mode 
fCLK= 16 MHz; note 2 
- 
15 
mA 


100(IS) 
supply current Idle & Sleep mode 
fCLK= 16 MHz; note 3 
- 
10 
mA 


loo(po) 
supply current Power-down 
mode: 
note 4 


P8xCE598 
FHB 
- 
150 
flA 


P8xCE598 
FFB 
- 
50 
flA 


Inputs 


VIL 
LOW level input voltage 
-0.5 
0.2Voo -0.1 
V 
(except EA, CRXO and CRX1) 


VIL1 
LOW level input voltage EA 
-0.5 
0.2Voo -0.3 
V 


V1H 
HIGH level input voltage 
0.2Voo + 0.9 
Voo + 0.5 
V 
(except RST, XTAL 1, CRXO,CRX1) 


VIH1 
HIGH level input voltage 
O.7Voo 
Voo + 0.5 
V 
(RST and XTAL1) 


IlL 
LOW level input current 
VI = 0.45 V 
- 
-50 
flA 
Ports 1, 2, 3 and 4 


ITL 
input current HIGH-to-LOW 
VI = 2.0 V to 0.45 V 
- 
-650 
flA 
transition 
Ports 1, 2, 3 and 4 
(except P1.6 and P1.7) 


IU1 
input leakage current 
0.45 V < VI < Voo 
- 
±10 
flA 
Port 0, EA, STADC, EW, P1.6, P1.7 


IU2 
input leakage current Port 5 
0.45 V < VI < Voo 
- 
±1 
flA 


Outputs 


VOL 
LOW level output voltage 
IOL= 1.6 mA; note 5 
- 
0.45 
V 
Ports 1, 2, 3 and 4 
(except P1.6 and P1.7) 


VOL1 
LOW level output voltage 
IOL= 3.2 mA; note 5 
- 
0.45 
V 
Port 0, ALE, PSEN, PWMO, PWM1, 
P1.6, P1.7 


VOH 
HIGH level output voltage 
IOH= -60 flA 
2.4 
- 
V 
Ports 1, 2, 3 and 4 
IOH= -25 flA 
0.75Voo 
- 
V 
(except P1.6 and P1.7) 
IOH= -10 flA 
0.9Voo 
V 
- 


VOH1 
HIGH level output voltage 
IOH= -400 flA 
2.4 
- 
V 
Port 0 in external bus mode, 
IOH= -150 flA 
0.75Voo 
- 
V 
ALE, PSEN, PWMO, PWM1 
IOH= -40 flA; note 6 
0.9Voo 
- 
V 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VOH2 
HIGH level output voltage RST 
10H= -400 
IlA 
2.4 
- 
V 


10H= -120 
IlA 
0.8Voo 
- 
V 


RRST 
RST pull-down resistor 
50 
150 
kQ 


Cvo 
I/O pin capacitance 
test frequency = 1 MHz; 
- 
10 
pF 


Tamb = 25·C 


Supply 
(analog 
part) 


AVoo 
supply voltage 
AVoo = Voo ± 0.2 V 
4.5 
5.5 
V 


Aloo 
supply current operating 
Port 5 = AVoo; note 1 
- 
2.5 
mA 


Aloooo) 
supply current Idle mode 
note 2 
- 
2.5 
mA 


Aloo(ls) 
supply current Idle and Sleep mode: 
note 3 


P8xCE598 
FHB 
- 
400 
IlA 


P8xCE598 xFx 
- 
350 
IlA 


Aloo(Po) 
supply current Power-down 
mode: 
note 4 


P8xCE598 
FHB 
- 
400 
IlA 


P8xCE598 xFx 
- 
350 
IlA 


Analog 
Inputs 


AVIN 
analog input voltage 
AVss - 0.2 
AVoo + 0.2 
V 


AVREF_ 
reference voltage 
AVss -0.2 
- 
V 


AVREF+ 
- 
AVoo + 0.2 
V 


RREF 
resistance between 
10 
50 
kQ 
AVREF+and AVREF_ 


CIA 
analog input capacitance 
- 
15 
pF 


tAOS 
sampling time 
note 7 
- 
8tCY 
f1s 


tAOC 
conversion time 
note 7 
- 
50tCY 
f1S 
(including sample time) 


DLe 
differential 
non-linearity 
notes 8, 9 and 10 
- 
+1 
LSB 
ILe 
integral non-linearity 
notes 8 and 11 
- 
±2 
LSB 


OSe 
offset error 
notes 8 and 12 
- 
±2 
LSB 
Ge 
gain error 
notes 8 and 13 
- 
±O.4 
% 


As 
absolute voltage error 
notes 8 and 14 
- 
±3 
LSB 


Mete 
channel-to-channel 
matching 
- 
±1 
LSB 


Ct 
crosstalk between P5 inputs 
o to 100 kHz 
- 
-60 
dB 


CAN Input comparator 
(CRXO, CRX1) 


VOIF 
differential input voltage (note t 5) 
AVoo = 5 V ± 5%; 
±32 
- 
mV 


VHYST 
hysteresis voltage (note 15) 
1.4 V < VI < AVoo -1.4 
V 
8 
30 
mV 


II 
input current 
- 
±400 
nA 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


CAN output 
driver 
(Voo = 5 V ± 5%) 


VOLT 
output voltage LOW 
10 = 1.2 mA; note 15 
- 
0.1 
V 
(CTXO and CTX1) 
10 = 10 mA 
- 
0.6 
V 


VOHT 
output voltage HIGH 
10 = -1.2 mA; note 15 
Voo-o·1 
- 
V 
(CTXO and CTX1) 
10 = -10 mA; note 16 
Voo-o·6 
- 
V 


Reference 
(AVoo = 5 V ± 5%) 


VREFOUT 
REF output voltage 
-0.1 mA < IL < 0.1 mA; 
%AVoo-0.1 
%AVoo+0.1 
V 


CL = 10 nF; note 15; 
bit Reference Active = HIGH 


IREFIN 
REF input current 
1.5 V < VREFIN< AVoo-1.5 
V; 
- 
±10 
IlA 
bit Reference Active = LOW 


Notes to the DC characterIstics 


1. 
Conditions for: 


a) The digital 
operating current measurement: 
all output pins disconnected; 
XTAL1 is driven with t,. = tf = 10 ns; 
V1L= Vss + 0.5 V; V1H= Voo - 0.5 V; EA = RST = Port 0 = P1.6 = P1.7 = EW = Voo; 
STADC = Vss; CRXO = 2.7 V; CRX1 = 2.3 V. 


b) The analog 
operating current measurement: 
Port 5 = AVoo; CAN: register 6: = OOH; 
load current reference voltage source 100 !lA. 


2. 
Conditions for: 


a) The digital 
Idle mode supply current measurement: 
all output pins disconnected; 


XTAL 1 is driven with t, = tf = 10 ns; V1L= Vss + 0.5 V; V1H= Voo - 0.5 V; Port 0 = P1.6 = P1.7 = EW = Voo; 
EA = RST = STADC = Vss; CRXO = 2.7 V; CRX1 = 2.3 V. 


b) The analog 
Idle mode current measurement: 
Port 5 = AVoo; CAN: register 6: = OOH; 


load current reference voltage source 100 !lA. 


3. 
Conditions for: 


a) The digital 
Idle and Sleep mode supply current measurement: 
all output pins disconnected; 
XTAL 1 is driven with t, = tf = 10 ns; V1L= Vss + 0.5 V; V1H= Voo - 0.5 V; 
Port 0 = P1.6 = P1.7 = EW = CRXO = Voo; EA = RST = STADC = CRXt = Vss; 
CAN: register 6: = OOH,register 7: = 12H, register 8: = 02H, register 0: = 20H, wait 15tcv, 
register 1: = 10H, wait for bit Sleep = 1. 


b) The analog 
Idle and Sleep mode current measurement: 
Port 5 = AVoo; 


load current reference voltage source 100 !lA. 


4. 
Window devices have to be covered. Conditions for: 


a) The digital 
Power-down 
mode supply current measurement: 
all output pins and Port 5 disconnected; 


Port 0 = P1.6 = P1.7 = EW = CRXO = Voo; 
. 


EA = RST = STADC = CRX1 = XTAL1 = AVREF+ = AVREF- = CVss = Vss; 
AVoo = Voo, but current into AVDD pin is not comprised 
in digital Power-down 
current. 


b) The analog 
Power-down 
mode supply current measurement: 
Port 5 = AVoo. 


5. 
Capacitive 
loads on Port 0 and Port 2 may degrade the LOW level output voltage of ALE, Port 1 and Port 3. 
During a HIGH-to-LOW 
transition on the Port 0 and Port 2 pins and a capacitive 
load> 
100 pF, the ALE LOW level 
may exceed 0.8 V. In the case that it is necessary to connect ALE to a Schmitt trigger input respectively 
use an 
address latch with a Schmitt trigger STROBE input. 


6. 
Capacitive loads on Port 0 and Port 2 may cause a HIGH level voltage degradation 
of ALE and PSEN below O.9Voo 
during the address bits are stabilizing. 


7. 
tCY ~ 12 tCLKis the machine cycle time. 


8. 
AVREF+ 
~ 5.12V; 
AVREF_ 
~ OV; AVoo ~ 5.0V. 


9. 
The differential 
non-linearity 
(DL...)is the difference between the actual step width and the ideal step width. 


10. The ADC is monotonic, there are no missing codes. 


11. The integral non-linearity 
(1L...)is the peak difference between the centre of the steps of the actual and the ideal 
transfer curve after appropriate 
adjustment 
of gain and offset error. 


12. The offset error (OSe) is the absolute difference between the straight line which fits the actual transfer curve after 
removing gain error, and a straight line which fits the ideal transfer curve. The offset error is constant at every point 
of the actual transfer curve. 


13. The gain error (Ge) is relative difference in percent between the straight line fitting the actual transfer curve after 
removing offset error and the straight line which fits the ideal transfer curve. The gain error is constant at every point 
on the transfer curve. 


14. The absolute voltage error (Ae) is the maximum difference between the centre of the steps ofthe actual transfer curve 
of the not calibrated ADC and the ideal transfer curve. 


15. Not tested during production. 


16. Source current for the CTXO, CTX1 outputs together. 


50 


JDD 
(mA) 


40 


12 
16 
fCLK (MHz) 


(1) 
Maximum 
Operating 
mode 
(100); Voo = 5.5 V. 


(2) 
Maximum 
Operating 
mode 
(100); Voo = 4.5 V. 


(3) 
Maximum 
Idle and Sleep mode 
(loOIIS»; Voo = 5.5 V. 


(4) 
Maximum 
Idle and Sleep mode (IOO(IS»; Voo = 4.5 V. 


1023 


1022 


1021 


1020 


1019 


1018 


(2)-- 
t 
I ' 
~/ 
/ 
/ 
code 
/ 


out 
7 
/ 


5 


3 
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(1) 
Example of an actual transfer curve. 


(2) 
The ideal transfer 
curve. 


(3) 
Differential 
non-linearity 
(Dl..). 


(4) 
Integral 
non-linearity 
(Il..). 


(5) 
Centre of a step of the actual transfer curve. 
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21 
AC CHARACTERISTICS 


See notes 1 and 2; Cl = 100 pF for Port 0, ALE and PSEN; Cl = 80 pF for all other outputs unless otherwise specified. 


'CLK = 16 MHz 
'CLK = 12 MHz 
VARIABLE 
CLOCK 


SYMBOL 
PARAMETER 
1.2to 
16 MHz 
UNIT 


MIN. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


External 
Program 
Memory 


tlHll 
ALE pulse width 
85 
- 
127 
- 
2tClK - 40 
- 
ns 


tAVll 
address valid to ALE LOW 
8 
- 
28 
- 
tClK - 55 
- 
ns 


tlLAX 
address hold after ALE LOW 
28 
- 
48 
- 
tClK - 35 
- 
ns 


tLLlV 
ALE LOW to valid instruction 
in 
- 
150 
- 
233 
- 
4tClK -100 
ns 


tllPl 
ALE LOW to PSEN LOW 
23 
- 
43 
- 
tClK -40 
- 
ns 


tplPH 
PSEN pulse width 
143 
- 
205 
- 
3tclK - 45 
- 
ns 


tPLIV 
PSEN LOW to valid instruction in 
- 
83 
- 
145 
- 
3tClK -105 
ns 


tPXIX 
input instruction 
hold after PSEN 
0 
- 
0 
- 
0 
- 
ns 


tPXIZ 
input instruction float after PSEN 
- 
38 
- 
59 
- 
tClK - 25 
ns 


tAVIV 
address to valid instruction in 
- 
208 
- 
312 
- 
5tClK -105 
ns 


tpLAZ 
PSEN LOW to address float 
- 
10 
- 
10 
- 
10 
ns 


External 
data memory 


tRlRH 
AD pulse width 
275 
- 
400 
- 
6tclK -100 
- 
ns 


tWlWH 
WR pulse width 
275 
- 
400 
- 
6tclK -100 
- 
ns 


tAVll 
address valid to ALE LOW 
8 
- 
28 
- 
tClK - 55 
- 
ns 


tlLAX 
address hold after ALE LOW 
33 
- 
53 
- 
tClK - 30 
- 
ns 


tRlDV 
AD LOW to valid data in 
- 
148 
- 
252 
- 
5tClK-165 
ns 


tRHDX 
data hold after AD 
0 
- 
0 
- 
0 
- 
ns 


tRHDZ 
data float after RD 
- 
55 
- 
97 
- 
2tClK-70 
ns 


tlLDV 
ALE LOW to valid data in 
- 
350 
- 
517 
- 
BtClK -150 
ns 


tAVDV 
address to valid data in 
- 
398 
- 
585 
- 
9tclK -165 
ns 


tllWl 
ALE LOW to AD or WR LOW 
138 
238 
200 
300 
3teLK - 50 
3tClK + 50 
ns 


tAVWl 
address valid to RD or WA LOW 
120 
- 
203 
- 
4lclK-130 
- 
ns 


tWHlH 
AD or WA HIGH to ALE HIGH 
23 
103 
43 
123 
tClK - 40 
tClK + 40 
ns 


tavwx 
data valid to WR transition 
3 
- 
23 
- 
tClK - 60 
- 
ns 


tavwH 
data valid time WA HIGH 
288 
- 
433 
- 
7lclK - 150 
- 
ns 


tWHQX 
data hold after WA 
13 
- 
33 
- 
tClK-50 
- 
ns 


tRLAZ 
RD LOW to address float 
- 
0 
- 
0 
- 
0 
ns 


Notes 


1. 
For the AC Characteristics 
the following conditions are valid:P8xCE598 
FxB: 
VDD = 5V ± 10%; Tamb = -40 to +85 °C (125°C); 
fClK = 1.2to 
16 MHz. 


2. 
tClK = ,-!- = one oscillator clock period; tClK = 62.5 ns at fClK = 16 MHz. 
ClK 


SYMBOL 
PARAMETER 
CON[IITIONS 
MIN. 
MAX. 
UNIT 


CAN input comparator/output 
driver 


tsd 
sum of input and output delay 
AVoo = 5 V ± 5%; VOIF= ± 32 mY; 


P8xCE598 xFx 
1.4 V < VI < AVoo _.1.4 V 
- 
60 
ns 


P8xCE598 
FHB 
- 
70 
ns 


2.4vV> 
testpoints:::::~~X~c=._-- 
:::~ 


o.45v-A-------:Jl 
c= 


2.4V=J2=-.oV~_-_ffoat 
__ 
2.0VC 
2.4V 


0.8 V 
0.8 V 
0.45V 
0.45V 


AC testinginputsaredrivenat2.4Vfora HIGH and0.45Vfora LOW. 


Timing measurements 
are taken at 2.0 V for a HIGH and 0.8 V for a lOW, 
see Fig.29 (a). 


The float state is defined as the point at which a Port 0 pin sinks 3.2 mA or sources 400 !JAat the voltage test levels. see Ftg.29 (b). 
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duringa write 
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program 
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__ 
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__ 
~ 
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___ 
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SERIAL 
PORT 
CLOCK 


VARIABLE 
CLOCK 


SYMBOL 
PARAMETER 
(fCLK = 1.2 to 16 MHz) 
UNIT 


MIN. 
MAX. 


tClK 
oscillator clock period (P83CE598) 
62.5 
833.3 
ns 


tHIGH 
HIGH time 
20 
tClK - tlOW 
ns 


tlOW 
LOW time 
20 
tClK - tHIGH 
ns 


tr 
rise time 
- 
20 
ns 


tf 
fall time 
- 
20 
ns 


tCY 
cycle time (12 x tClK> 
0.75 
10 
IJS 


fCLK 


SYMBOL 
PARAMETER 
16 MHz 
12MHz 
VARIABLE 
CLOCK 
UNIT 


MIN. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


tXLXl 
Serial Port clock cycle timing 
0.75 
- 
1.0 
- 
12 tClK 
- 
ms 


tOVXH 
output data setup to clock rising edge 
492 
- 
700 
- 
10 tClK -133 
- 
ns 


tXHOX 
output data hold after clock rising edge 
8.0 
- 
50 
- 
2 tClK -117 
- 
ns 


tXHDX 
input data hold after clock rising edge 
0 
- 
0 
- 
0 
- 
ns 


tXHDV 
clock rising edge to input data valid 
- 
492 
- 
700 
- 
10tClK -133 
ns 


t 
SETRI 


,0UTPU.rDATA, 


+ 
WRITETOSBUF 


, INPU~DATA, 


+ 
CLEARRI 


DESCRIPTION 
The P80C652183C652 Single-Chip 8-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the BOC51 microcontroller family. The 
80C652183C652 has the same instruction set 
as the 80C51. Three versions of the 
derivative exist: 


83C652 - 
8k bytes mask programmable 
ROM 


80C652 - 
ROMless version 


87C652 - 
EPROM version (described in a 
separate chapter) 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 8XC652 contains a non-volatile 
Bk x 8 read-only program memory, a volatile 
256 x B readlwrite data memory, four 8-bit I/O 
ports, two 16-bit timer/event counters 
(identical to the timers of the BOC51), a 
multi-source, two-priority-Ievel, 
nested 


interrupt structure, an 12Cinterface, UART 
and o.n-chip oscillator and timing circuits. For 
systems that require extra capability, the 
BXC652 can be expanded using standard 
TIL compatible memories and logic. 


The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte and 17 
three-byte. With a 16(24)MHz crystal, 58% of 
the instructions are executed in 0.75(0.5)1J.S 
and 40% in 1.5(1)IJ.S.Multiply and divide 
instructions require 3(2)l1s. 


• 80C51 central processing unit 


• 8k x 8 ROM expandable extemally to 


64k bytes 


• 256 x 8 RAM, expandable externally to 
64k bytes 


• Two standard 16-bil timer/counters 


• Four 8-bit I/O ports 


• 12C-busserial I/O port with byte oriented 
master and slave functions 


• Full-duplex UART facilities 


• Power control modes 


- 
Idle mode 
- 
Power-down mode 


• ROM code protection 


• Extended frequency range: 1.2 to 24 MHz 


• Three operating ambient temperature 


ranges: 


o to 
+70°C 


-40 to +85°C 
-40 to +125°C 


PO.2IAD2 


PO.31AD3 


PO.41AD4 


P2.7/A15 


P2.IIAI. 


CERAMIC 
AND PLASTIC 
LEADED 
CHIP CARRIER 
PIN FUNCTIONS 
PLASTIC 
QUAD FLAT PACK 
PIN FUNCTIONS 


17 
29 
11 
23 


18 
28 
12 
22 


Pin 
Funetfon 
Pin 
Function 
Pin 
FunctIon 
Pin 
Function 


1 
NC· 
23 
NC· 
1 
P1.5 
23 
P2.51AI3 
2 
PLO 
24 
P2.OIAB 
2 
P1.6/SCL 
24 
P2.61A14 
3 
Pl,1 
25 
P2.1/A9 
3 
P1.7/S0A 
25 
P2.7/A15 


4 
Pl.2 
26 
P2.21Al0 
4 
RST 
26 
l"Sm 


5 
Pl.3 
27 
P2.31Al1 
5 
P3.OIRxO 
27 
ALE 


6 
Pl .• 
28 
P2.41A12 
6 
Vss. 
28 
VSS2 
7 
Pl.5 
29 
P2.51A13 
7 
P3.1fTxO 
29 
EAAtpp 


8 
P1.6!SCL 
30 
P2.61A14 
8 
P3.2J1Irnl 
30 
PO.7/AD7 
9 
Pl.7/SDA 
31 
P2.7/A15 
9 
P3.3III'lTl 
31 
PO.61AD6 
10 
RST 
32 
l"Sm 
10 
P3.4IT0 
32 
PO.51A05 


11 
P3.OIRxD 
33 
ALE 
11 
P3.Srn 
33 
PO.41AD4 


'2 
NC· 
34 
NC· 
12 
P3.6IWR 
34 
PO.31A03 


'3 
P3.1rrxD 
35 
Ell 
'3 
P3.71Rll 
35 
PO.2/A02 
14 
P3.2J1Irnl 
36 
PO.7/AD7 
14 
XTAL2 
36 
PO.l/AD1 


15 
P3.3III'lTl 
37 
PO.61AD6 
15 
XTAll 
37 
PO.OIADO 
16 
P3.4n"O 
38 
PO.5JAD5 
16 
VSS1 
38 
Voo 
17 
P3.5IT1 
39 
PO.41AD4 
'7 
NC· 
39 
VSS3 
18 
P3.6IWR 
40 
PO.31AD3 
18 
P2.OIAB 
40 
PloD 


19 
P3.71Rll 
4' 
PO.2/AD2 
19 
P2.1/A9 
41 
P1.1 


20 
XTAL2 
42 
PO.1IAD1 
20 
P2.21Al0 
42 
Pl.2 


2' 
XTAL' 
43 
PO.OIADO 
2' 
P2.31Al1 
43 
Pl.3 


22 
Vss 
44 
VOO 
22 
P2.4/A'2 
44 
Pl.4 


·00 NOT CONNECT 
·00 NOT CONNECT 


NOTES TO QFP ONLY: 
1. Due to EMC improvements, all Vss pins 
(6, 16,28,39) 
must be connected to Vss 
on the 80C652183C652. 


PHILIPS 
PHILIPS NORTH AMERICA 
PART ORDER NUMBER 
PART ORDER NUMBER 
TEMPERATURE 
PART MARKING 
RANGEeC) 
FREQ 


ROMless 
ROM3 
Drawing 
ROMless 
ROM 
AND PACKAGE 
MHzl,2 


Number 


P80C652FBP 
P83C652FBP/xxx 
SOT129-1 
P80C652FBPN 
P83C652FBPN 
o to +70, Plastic Dual In-line Package 
16 


P80C652FBA 
P83C652FBA/xxx 
SOT187-2 
P80C652FBAA 
P83C652FBAA 
o to +70, Plastic leaded 
Chip Carrier 
16 


P80C652FBB 
P83C652FBB/xxx 
SOT307-24 
P80C652FBBB 
P83C652FBBB 
o to +70, Plastic Quad Flat Pack 
16 


P80C652FFP 
P83C652FFP/xxx 
SOT129-1 
P80C652FFPN 
P83C652FFPN 
-40 to +85, Plastic Dual In-line Package 
16 


P80C652FFA 
P83C652FFA/xxx 
SOT187-2 
P80C652FFAA 
P83C652FFAA 
-40 to +85, Plastic leaded 
Chip Carrier 
16 


P80C652FFB 
P83C652FFBIxxx 
SOT307-24 
P80C652FFBB 
P83C652FFBB 
-40 to +85, Plastic Quad Flat Pack 
16 


P80C652FHP 
P83C652FHP/xxx 
SOT129-1 
P80C652FHPN 
P83C652FHPN 
-40 to +125, Plastic Dual In-line Package 
16 


P80C652FHA 
P83C652FHA/xxx 
SOT187-2 
P80C652FHAA 
P83C652FHAA 
-40 to +125, Plastic leaded 
Chip Carrier 
16 


P80C652FHB 
P83C652FHB/xxx 
SOT307-24 
P80C652FHBB 
P83C652FHBB 
-40 to +125, Plastic Quad Flat Pack 
16 


P80C6521BP 
P83C6521BP/xxx 
SOT129-1 
P80C6521BPN 
P83C6521BPN 
o to +70, Plastic Dual In-line Package 
24 


P80C6521BA 
P83C6521BA/xxx 
SOT187-2 
P80C6521BAA 
P83C6521BAA 
o to +70, Plastic leaded 
Chip Carrier 
24 


P80C6521BB 
P83C6521BB/xxx 
SOT307-24 
P80C6521BBB 
P83C6521BBB 
o to +70, Plastic Quad Flat Pack 
24 


P80C6521FP 
P83C6521FP/xxx 
SOT129-1 
P80C6521FPN 
P83C6521FPN 
-40 to +85, Plastic Dual In-line Package 
24 


P80C6521FA 
P83C6521FA/xxx 
SOT187-2 
P80C6521FAA 
P83C6521FAA 
-40 to +85, Plastic leaded 
Chip Carrier 
24 


P80C6521FB 
P83C6521FB/xxx 
SOT307-24 
P80C6521FBB 
P83C6521FBB 
-40 to +85, Plastic Quad Flat Pack 
24 


NOTES: 
1. 80C652 and 83C652 frequency range is 1.2MHz-16MHz 
or 1.2 to 24M Hz. 


2. 
For specification of the EPROM version, see the 87C652 data sheet. 


3. 
xxx denotes the ROM code number. 


4. 
SOT311 replaced by SOT307-2. 


TEMPERATURE 
RANGE ("C) 
FREQ 


EPROM2 
Drawing 
AND PACKAGE 
MHz1,2 
Number 


S87C652-4N40 
SOT129-1 
o to +70, Plastic Dual In-line Package 
16 


S87C652-4F40 
05908 
o to +70, Ceramic Dual In-line 
16 
Package wlWindow 


S87C652-4A44 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier 
16 


S87C652-4K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
16 
wlWindow 


S87C652-4B44 
SOT307-2 
o to +70, Plastic Quad Flat Pack 
16 


S87C652-5N40 
SOT129-1 
-40 to +85, Plastic Dual In-line Package 
16 


S87C652-5F40 
05908 
-40 to +85, Ceramic Dual In-line Package 
16 
wlWindow 


S87C652-5A44 
SOT187-2 
-40 to +85, Plastic Leaded Chip Carrier 
16 


S87C652·5B44 
SOT307-2 
-40 to +85, Plastic Quad Flat Pack 
16 


S87C652-7N40 
SOT129-1 
o to +70, Plastic Dual In-line Package 
20 


S87C652-7F40 
05908 
o to +70, Ceramic Dual In-line Package 
20 
wlWindow 


S87C652-7 A44 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier 
20 


S87C652-7K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
20 
wlWindow 


S87C652-8N40 
SOT129-1 
-40 to +85, Plastic Dual In-line Package 
20 


S87C652-8F40 
05908 
-40 to +85, Ceramic Dual In-line Package 
20 
wlWindow 


S87C652-8A44 
SOT187-2 
-40 to +85, Plastic Leaded Chip Carrier 
20 


FREQUENCY 
REFERENCE 
r-'---o 


XTAL.2 
XTAl1 


COUNTERS 
r-'---o 


TO 
T1 


PROGRAM 
MEMORY 


(8Kx8ROM) 


DATA 
MEMORY 
(258 x8 
RAM) 


INTO 
INn 
L-..,----J 


EXTERNAL 
INTERRUPTS 


----------1 


1 
I 
I 


1 


1 


1 
I 
I 


SDJ 


SHARED 
WITH 
SCL 
PORT 1 


PIN NUMBER 


MNEMONIC 
DIP 
PlCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
6,16, 
I 
Ground: 
OV reference. With the QFP package all Vss pins (VSS1to VSS4) must be 


28,39 
connected. 


Vaa 
40 
44 
3B 
I 
Power Supply: 
This is the power supply voltage for normal, idle, and power-down 


operation. 


PO.O-O.7 
39-,32 
43-36 
37-30 
1/0 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have ls written to 
them tioat and can be used as high-impedance 
inputs. Port 0 is also the multiplexed 


low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pull-ups when emitting ls. 


P1.o-Pl.7 
1-8 
2-9 
40-44, 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups, except Pl.6 and P1.7 


1-3 
which are open drain. Port 1 pins that have ls written to them are pulled high by the 
internal pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled 
low will source current because of the internal pull-ups. (See DC Electrical Characteristics: 
IILl. Alternate functions include: 


Pl.6 
7 
8 
2 
1/0 
SCl: 
12C-busserial port clock line. 


Pl.7 
8 
9 
3 
1/0 
SDA: 12C-busserial port data line. 


P2.0-P2.7 
21-28 
24-31 
18-25 
1/0 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have ls 
written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 2 pins that are externally being pulled low will source current because of the 
internal pull-ups. (See DC Electrical Characteristics: 
IILl. Port 2 emits the high-order 


address byte during fetches from external program memory and during accesses to 
external data memory that use 16-bit addresses (MOVX @DPTR). In this application, it 
uses strong internal pull-ups when emitting ls. During accesses to external data memory 
that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function 
register. 


P3.0-P3.7 
10-17 
11, 
5, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have ls 
13-19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inpu1s. As 
inputs, port 3 pins that are externally being pulled low will source current because of the 
pull-ups. (See DC Electrical Characteristics: 
IILl. Port 3 also serves the special features of 


the 80C51 family, as listed below: 
10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
INTO (P3.2): External interrupt 


13 
15 
9 
I 
mTf (P3.3): External interrupt 


14 
16 
10 
I 
TO (P3.4): TImer 0 external input 


15 
17 
11 
I 
T1 (P3.5): TImer 1 external input 


16 
18 
12 
0 
WFI (P3.6): External data memory write strobe 


17 
19 
13 
0 
1m (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vaa. 


ALE 
30 
33 
27 
I/O 
Address 
latch 
Enable: Output pulse for latching the low byte of the address during an 


access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 
the oscillator frequency. Note that one ALE pulse is skipped during each access to external 
data memory. 


J5SEI'J 
29 
32 
26 
0 
Program 
Store Enable: 
Read strobe to external program memory via Port 0 and Port 2. It 


is activated twice each machine cycle during fetches from the externp~~Ngram 
memory. 


When executing out of external program memp~o 
activations of 
are skipped 


during each access to external data memo~ 
is not activated (remains HIGH) during 


no fetches from external program memory. 
can sink/source 8 LSTIL 
inputs and can 


drive CMOS inputs without external pull-ups. 


EA 
31 
35 
29 
I 
External 
Access: 
If during a RESET, EA is held at TIL, 
level HIGH, the CPU executes out 


of the internal pro~m 
memory ROM provided the Program Counter is less than 8192. If 


during a RESET, 
is held a TIL LOW level, the CPU executes out of external program 


memory. EA is not allowed to float. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid "latch-up· effect at power-on, the voltage on any pin at any time must not be higher than Vaa + 0.5V or Vss - 0.5V, respectively. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer 
(2 bytes) 
DPH 
Data pointer high 
83H 
OOH 
DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


JE"# 
Interrupt enable 
A8H 
EA 
I 
I 
ES1 
I 
ESO I 
ET1 
I 
EX1 
I 
ETO I 
EXO 
OxOOOOOOB 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP"# 
Interrupt priority 
B8H 
- 
I 
I 
PS1 
I 
PSO I 
PT1 
I 
PX1 
I 
PTO I 
PXO 
xxOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO" 
PortO 
80H 
AD7 I AD6 I 
AD5 
I 
AD4 
I 
AD3 
I 
AD2 
I 
AD1 
I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1"# 
Port 1 
90H 
SDA I SCL I 
I 
I 
I 
I 
I 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2" 
Port 2 
AOH 
A15 I A14 I 
A13 
I 
A12 
I 
A11 
I 
A10 
I 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3" 
Port 3 
BOH 
RUlm 
I 
T1 
I 
TO 
Ilfm 
IlNTOI 
TXD 
I 
RXD 
FFH 


PCON 
Power control 
87H 
SMOD I - 
I 
- 
I 
- 
I 
GF1 
I 
GFO I 
PD 
I 
IDL 
OxxxOOOOB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SOCOW# 
Serial 0 port control 
98H 
SMO I SM1 I 
SM2 I 
REN I 
TB8 
I 
RB8 
I 
TI 
I 
RI 
OOH 


SOBUF# 
Serial 0 data buffer 
99H 
xxxxxxxxB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW" 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 I 
RSO I 
OV 
I 
F1 
I 
P 
OOH 


S1DAT# 
Serial 1 data 
DAH 
OOH 


SP 
Stack pointer 
81H 
07H 


S1ADR# 
Serial 1 address 
DBH 
SLAVE ADDRESS 
I 
GC 
OOH 


S1STA# 
Serial 1 status 
D9H 
SC4 I SC3 I 
SC2 
I 
SC1 I 
SCO I 
0 
I 
0 
I 
0 
F8H 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


S1COW# 
Serial 1 control 
D8H 
CR2 I ENS1 I 
STA I 
STO I 
SI 
I 
AA 
I 
CR1 
I 
CRO 
OOOOOOOOB 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCOW 
Timer control 
88H 
TF1 I TR1 I 
TFO I 
TRO I 
IE1 
I 
IT1 
I 
IEO I 
ITO 
OOH 


TH1 
Timer high 1 
8DH 
OOH 


THO 
Timer high 0 
8CH 
OOH 


TL1 
Timer low 1 
8BH 
OOH 


TLO 
Timer low 0 
8AH 
OOH 
TMOD 
Timer mode 
89H 
GATE I 
CIT 
I 
M1 
I 
MO 
I GATE I 
CIT 
I 
M1 
I 
MO 
OOH 


ROM CODE PROTECTION 
(83C652) 
The BXC652 has an additional security 
feature. ROM code protection may be 
selected by setting a mask-programmable 
security bit (I.e., user dependent). This 
feature may be requested during ROM code 
submission. When selected, the ROM code is 
protected and cannot be read out at any time 
by any test mode or by any instruction in the 
extemal program memory space. 


The MOVe instructions are the only 
instructions that have access to program 
code in the intemal or extemal program 
memory. The EA input is latched during 
RESET and is "don't care" after RESET 
(also if the security bit is not set). This 
implementation prevents reading intemal 
program code by sWitching from extemal 
program memory to intemal program memory 
during a MOVC instruction or any other 
instruction that uses immediate data. 


OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 3-992. 


To drive the device from an extemal clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the 
extemal clock signal, because the input to 
the intemal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Voo and RST must 
come up at the same time for a proper 
start-up. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 


enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


Power-Down Mode 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register PCON. Table 2 
shows the state of the I/O ports during low 
current operating modes. 


12C Serial Communication-SI01 
The 12Cserial port is identical to the 12C 
serial port on the BXC552. The operation of 
this subsystem is described in detail in the 
BXC552 section of this manual. 


Note that in both the BXC65214 and the 
BXC552 the 12Cpins are altemate functions 
to port pins Pl.6 and Pl.7. Because of this, 
Pl.6 and Pl.7 on these parts do not have a 
pull-up structure as found on the BOC51. 
Therefore Pl.6 and Pl.7 have open drain 
outputs on the BXC65214. 


PROGRAM 
MODE 
MEMORY 
ALE 
PSER 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Intemal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
Extemal 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Intemal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
Extemal 
0 
0 
Float 
Data 
Data 
Data 


BIT FREQUENCY (kHz) AT fosc 


CR2 
CR1 
CRO 
6MHz 
12MHz 
16MHz 
24MHz 
fose DIVIDED BY 


0 
0 
0 
23 
47 
62.5 
94 
256 
0 
0 
1 
27 
54 
71 
107' 
224 


0 
1 
0 
31.25 
62.5 
B3.3 
125' 
192 
0 
1 
1 
37 
75 
100 
150' 
160 
1 
0 
0 
6.25 
12.5 
17 
25 
960 
1 
0 
1 
50 
100 
133' 
200' 
120 
1 
1 
0 
100 
200' 
267' 
400' 
60 
1 
1 
1 
0.24<62.5 
0.49 < 62.5 
0.65 < 55.6 
0.9B < 50.0 
96 x (256 - (reload value Timer 1)) 


o to 255 
o to 254 
o to 253 
Ot0251 
reload value range Timer 1 (in mode 2) 


NOTES: 
1. These frequencies exceed the upper limit of 100kHz of the 12C-bus specification and cannot be used in an 12C-bus application. 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
·C 


Voltage on any other pin to Vss 
--c.5 to + 6.5 
V 


Input, output current on any single pin 
±5 
mA 


Power 
dissipation 
(based 
on 
package 
heat 
transfer 
1 
W 


limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent 


damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices 


from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to Vss unless otherwise noted. 


SUPPLY VOLTAGE 
FREQUENCY 
TEMPERATURE 


TYPE 
(V) 
(MHz) 
RANGE 


MIN. 
MAX. 
MIN. 
MAX. 
(·C) 


PBXC652FBx 
4.0 
6.0 
1.2 
16 
o to +70 


PBXC652FFx 
4.0 
6.0 
1.2 
16 
-40 to +B5 


PBXC652FHx 
4.5 
5.5 
1.2 
16 
-40 to +125 


PBXC6521Bx 
4.5 
5.5 
1.2 
24 
o to +70 


PB3X6521Fx 
4.5 
5.5 
1.2 
24 
-40 to +B5 


DC ELECTRICAL 
CHARACTERISTICS 


vss= 
ov 


TEST 
UMITS 


SYMBOL 
PARAMETER 
PART TYPE 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VIL 
Input low voltage, 
except Eli, Pl.6/SCL, 
Pl.7/SDA 
o to +70°C 
-D.5 
0.2Voo-D·l 
V 


-40 to +85°C 
-D.5 
0.2Voo-D·15 
V 


-40 to +125°C 
-D.5 
0.2Voo-D·25 
V 


VIL1 
Input low voltage to Eli 
o to +70°C 
-D.5 
0.2Voo-D·3 
V 


-40 to +850(; 
-D.5 
0.2Voo-D·35 
V 


-40 to +1250(; 
-D.5 
0.2Voo-D·45 
V 


VIL2 
Input low voltage to Pl.61SCL, Pl.7/SDA6 
-D.5 
0.3Voo 
V 


VIH 
Input high voltage, except XTAL 1, RST, 
P1.61SCL, Pl.7/SDA 
o to +70°C 
0.2Voo+0.9 
Voo+0.5 
V 


-40 to +85°C 
0.2Voo+l.0 
Voo+0.5 
V 


-40 to +125°C 
0.2Voo+l.0 
Voo+0.5 
V 


VIH1 
Input high voltage, XTAL 1, RST 
o to +70°C 
O·7Voo 
Voo+0.5 
V 


-40 to +85°C 
O·7Voo+O.l 
Voo+0.5 
V 


-40 to +1250(; 
O·7Voo+O.l 
Voo+0.5 
V 


VIH2 
Input high voltage, Pl.61SCL, Pl.7/SDA6 
O·7Voo 
6.0 
V 


VOL 
Output low voltage, ports 1, 2, 3, 
IOL= 1.6mAB, 9 
0.45 
V 
except Pl.61SCL, Pl.7/SDA 


VOL1 
Output low voltage, port 0, ALE, PSEJII 
IOL= 3.2mAB, 9 
0.45 
V 


VOL2 
Output low voltage, Pl.6/SCL, 
Pl.7/SDA 
IOL=3.0mA 
0.4 
V 


VOH 
Output high voltage, ports 1, 2, 3, ALE, PSEJ1110 
IOH= -601tA 
2.4 
V 


IOH=-251tA 
0.75Voo 
V 


IOH=-101tA 
0.9Voo 
V 


VOH1 
Output high voltage; port 0 in external bus mode 
IOH= -S001tA 
2.4 
V 
IOH= -3001tA 
0.75Voo 
V 


IOH= -S01lA 
0.9Voo 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 
except Pl.61SCL, Pl.7/SDA 
o to +70°C 
VIN = 0.45V 
-50 
IlA 


-40 to +85°C 
-75 
ItA 


-40 to +125°C 
-75 
ItA 


ITL 
Logical l-to-O transition current, ports 1, 2, 3, 
except Pl.61SCL, Pl.7/SDA 
o to +70°C 
See note 7 
-650 
ItA 


-40 to +85°C 
-750 
ItA 


-40 to +1250(; 
-750 
ItA 


1L1 
Input leakage current, port 0, Eli 
0.45V < VI < Voo 
±10 
ItA 


IL2 
Input leakage current, Pl.61SCL, P1.7/SDA 
OV <VI<6.0V 
±10 
ItA 
OV < Voo < 6.0V 
IlA 


100 
Power supply current: 
See note 1 


Active mode 
@ 16MHz2.11 
Voo=6.0V 
26.5 
mA 
Active mode 
@ 24MHz2, 11 
Voo=5.5V 
33.8 
mA 
Idle mode 
@ 16MHz3, 11 
6 
mA 


Idle mode 
@ 24MHz3. 11 
7 
mA 
Power down mode4, 5 
50 
ItA 
Power down mode4, 5 
-40 to +1250(; 
100 
IlA 


RRST 
Internal reset pull-down resistor 
50 
150 
kn 


CIO 
Pin capacitance 
Freq.-1MHz 
10 
pF 


NOTES FOR DC ELECTRICAL 
CHARACTERISTICS: 


1. See Figures 9 through 11 for 100test conditions. 
2. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with tr = tf = 5ns; 
VIL = Vss + 0.5V; VIH = Voo -o.5V; XTAL2 not connected; E!i: = RST = Port 0 = Pl.6 = P1.7 = Voo. See Figure 9. 
3. 
The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t,.= tf = 5ns; VIL = Vss + 0.5V; 
VIH = Voo-o.5V; 
XTAL2 not connected; Port 0 = P1.6 = Pl.7 = Voo; E!i: = RST = Vss. See Figure 10. 
4. 
The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = Pl.6 = Pl.7 = Voo; 
E!i: = RST = Vss. See Figure 11. 
5. 2V < Vpo < Voomax. 
6. The input threshold voltage of Pl.6 and Pl.7 (SI01) meets the 12Cspecification, so an input voltage below 0.3Voo will be recognized as a 
logic 0 while an input voltage above O.7Voo will be recognized as a logic 1. 
7. 
Pins of ports 1 , 2, and 3 source a transition current when they are being extemally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 
8. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


9. 
Under steady state (non-transient) conditions, IOLmust be extemally limited as follows: Maximum IOL= 1OmA per port pin; Maximum 
IOL= 26mA total for Port 0; Maximum IOL= 15mA total for Ports 1, 2, and 3; Maximum IOL= 71mA total for all output pins. If IOLexceeds the 
test conditions, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test conditions. 


10. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and ~to 
momentarily fall below the 0.9Voo specification when the 
address bits are stabilizing. 
11. IOOMAXfor other frequencies can be derived from Figure 1, where FREQ is the extemal oscillator frequency in MHz. IOOMAXis given in mA. 
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(1) MAXIMUMOPERATING 
MODE:voo = voomax 


(2) MAXIMUMIDLEMODE:voo = VOOmax 
These values are valid within the specified 
frequency range. 
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(1) MAXIMUMOPERATING 
MODE:VOO= VODmax 


(2) MAXIMUMIDLEMODE:vee' 
veemax 


The.e values are valid within the specified 
frequency range. 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltcLCL 
2 
Oscillator frequency 
1.2 
16 
MHz 


It.HLL 
2 
ALE pulse width 
85 
2tcLCL-40 
ns 


tAVLL 
2 
Address valid to ALE low 
8 
tCLCL-55 
ns 


It.LAX 
2 
Address hold after ALE low 
28 
lcLCL-35 
ns 


It.L1V 
2 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


It.LPL 
2 
ALE low to "F'"SEN low 
23 
lcLCL-40 
ns 


tPLPH 
2 
"F'"SEN pulse width 
143 
3lcLCL-45 
ns 


tPLIV 
2 
"F'"SEN low to valid instruction in 
83 
3lcLCL-105 
ns 


tPXIX 
2 
Input instruction hold after "F'"SEN 
0 
0 
ns 


tPXIZ 
2 
Input instruction float after "F'"SEN 
38 
lcLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
208 
5lcLCL-105 
ns 


tpLAZ 
2 
"F'"SEN low to address float 
10 
10 
ns 


Data Memory 


tRLRH 
3,4 
FlU pulse width 
275 
6tCLCL-100 
ns 


tWLwH 
3,4 
WR pulse width 
275 
6tCLCL-100 
ns 


tRLOV 
3,4 
FlU low to valid data in 
148 
5lcLCL-165 
ns 


tRHOX 
3,4 
Data hold after FlU 
0 
0 
ns 


tRHOZ 
3,4 
Data float after FlU 
55 
2lcLCL-70 
ns 


UOV 
3,4 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVOV 
3,4 
Address to valid data in 
398 
9lcLCL-165 
ns 


It.LWL 
3,4 
ALE low to FlU or WR low 
138 
238 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
3,4 
Address valid to WR low or FlU low 
120 
4lcLCL-130 
ns 


tavwx 
3,4 
Data valid to WR transition 
3 
tCLCL-60 
ns 


tow 
3,4 
Data setup time before WR 
288 
7tCLCL-150 
ns 


tWHQX 
3,4 
Data hold after WR 
13 
tCLCL-50 
ns 


tRLAZ 
3,4 
FlU low to address float 
0 
0 
ns 


tWHLH 
3,4 
FlU or WR high to ALE high 
23 
103 
lcLCL-40 
lcLCL+40 
ns 


Sh ift Register 


tXLXL 
5 
Serial port clock cycle time3 
0.75 
12tcLCL 
I.lS 


taVXH 
5 
Output data setup to clock rising edge3 
492 
10lcLCL-133 
ns 


tXHQX 
5 
Output data hold after clock rising edge3 
80 
2lcLCL-117 
ns 


tXHOX 
5 
Input data hold after clock rising edge3 
0 
0 
ns 


tXHOV 
5 
Clock rising edge to input data valid3 
492 
10lcLCL-133 
ns 


External 
Clock 


lcHCX 
6 
Hightime3 
20 
20 
lcLCL 
lcLCX 
ns 


lcLCX 
6 
Lowtime3 
20 
20 
lcLCL 
lcHCX 
ns 


lcLCH 
6 
Risetime3 
20 
20 
ns 


lcHCL 
6 
Fall time3 
20 
20 
ns 


NOTES: 
1. 
Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and "F'"SEN = 100pF, load capacitance for all other outputs = 80pF. 
3. 
These values are characterized but not 100% production tested. 


24MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


l!tcLCL 
2 
Oscillator frequency 
1.2 
24 
MHz 


It.HLL 
2 
ALE pulse width 
~ , 
43 
2lcLCL-40 
ns 


tAvLL 
2 
Address valid to ALE low 
17 
tCLCL-25 
ns 


It.LAX 
2 
Address hold after ALE low 
17 
tCLCL-25 
ns 


It.L1V 
2 
ALE low to valid instruction in 
102 
4lcLCL-65 
ns 


!t.LPL 
2 
ALE low to P"SEN low 
17 
lcLCL-25 
ns 


lpLPH 
2 
J5SEIII pulse width 
80 
3lcLCL-45 
ns 


tPLIV 
2 
P"SEN low to valid instruction in 
65 
3lcLCL~0 
ns 


tPXIX 
2 
Input instruction hold after P"SEN 
0 
0 
ns 


tpXIZ 
2 
Input instruction float after P"SEN 
17 
lcLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
128 
5lcLCL-B0 
ns 


tpLAZ 
2 
P"SEN low to address float 
10 
10 
ns 


Data Memory 


tALAH 
3,4 
RU pulse width 
150 
6lcLCL-l00 
ns 


tWLWH 
3,4 
WR pulse width 
150 
6lcLCL-l00 
ns 


tALOV 
3,4 
RU low to valid data in 
118 
5lcLCL-90 
ns 


tAHOX 
3,4 
Data hold after RU 
0 
0 
ns 


tAHOZ 
3,4 
Data float after RU 
55 
2lcLCL-28 
ns 


It.LOV 
3,4 
ALE low to valid data in 
180 
8lcLCL-150 
ns 


tAVOV 
3,4 
Address to valid data in 
210 
9lcLCL-165 
ns 


!t.LWL 
3,4 
ALE low to RU or WR low 
75 
175 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
3,4 
Address valid to WR low or RU low 
92 
4lcLCL-75 
ns 


tovwx 
3,4 
Data valid to WR transition 
12 
lcLCL-30 
ns 


tow 
3,4 
Data setup time before WR 
162 
7lcLCL-130 
ns 


tWHQX 
3,4 
Data hold after WR 
17 
lcLCL-25 
ns 


tALAZ 
3,4 
RU low to address float 
0 
0 
ns 


tWHLH 
3,4 
RU or WR high to ALE high 
17 
67 
lcLCL-25 
lcLCL+25 
ns 


Shift Register 


tXLXL 
5 
Serial port clock cycle time3 
0.5 
12lcLCL 
I's 


toVXH 
5 
Output data setup to clock rising edge3 
283 
1OlcLCL-133 
ns 


tXHQX 
5 
Output data hold after clock rising edge3 
23 
2lcLCL~0 
ns 


tXHOX 
5 
Input data hold after clock rising edge3 
0 
0 
ns 


tXHOV 
5 
Clock rising edge to input data valid3 
283 
l0lcLCL -133 
ns 


External 
Clock 


lcHCX 
6 
Hightime3 
17 
17 
lcLCL 
lcLCX 
ns 


lcLCX 
6 
Lowtime3 
17 
17 
lcLCL 
lcHCX 
ns 


lcLCH 
6 
Risetime3 
5 
5 
ns 


lcHCL 
6 
Fall time3 
5 
5 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and J5SEIII = 100pF, load capacitance for all other outputs = 80pF. 


3. 
These values are characterized but not 100% production tested. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 


SCL TIMING CHARACTERISTICS 


!HO;STA 
START condition hold time 
> 14 lcLCL 
>4.0lJ.S1 


!Low 
SCLLOWtime 
> 16 lcLCL 
>4.71151 


!HIGH 
SCL HIGH time 
> 14 lcLCL 
>4.01151 


tRC 
SCLrisetime 
s 1115 
_2 


tFC 
SCLfalitime 
sO.3I1S 
< 0.31153 


SDA TIMING CHARACTERISTICS 


tSU;OATl 
Data set-up time 
> 250ns 
> 20 lcLCL - tRO 


tSU;OAT2 
SDA set-up time (before rep. START cond.) 
> 250ns 
> 1lJ.S1 


tSU;OAT3 
SDA set-up time (before STOP cond.) 
> 250ns 
> 8 tCLCL 


tHO;OAT 
Data hold time 
> Ons 
> 8 tCLCL- tFC 


lsU;STA 
Repeated START set-up time 
> 14 lcLCL 
>4.7lJ.S1 


tSU;STO 
STOP condition set-up time 
> 14 lcLCL 
>4.01151 


tauF 
Bus free time 
> 14 lcLCL 
> 4.7lJ.S1 


tRO 
SDArisetime 
~ 
s 1115 
_2 


tFD 
SDAfalitime 
sO.3I1S 
< 0.3lJ.S3 


NOTES: 
1. At 100 kbil/s. At other bit rates this value is inversely proportional to the bit-rate of 100 kbil/s. 
2. 
Determined by the external bus-line capacitance and the external bus-line pull-resistor, this must be < 1115. 
3. 
Spikes on the SDA and SCL lines with a duration of less than 3 lcLCL will be filtered out. Maximum capacitance on bus-lines SDA and 
SCL= 400pF. 


4. 
lcLCL = l/fosc 
= one oscillator clock period at pin XTAL 1. For 63ns (42ns) < lcLCL < 285ns (16MHz (24MHz) > fosc > 3.5MHz) the SI01 
interface meets the 12C-busspecification for bit-rates up to 100 kbil/s. 


EXPLANATION 
OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
Q -' Output data 
first character is always 't' (= time). The other 
R - 
"FID signal 
characters, depending on their positions, 
t 
- 
Time 
indicate the name of a signal or the logical 
V - 
Valid 
status of that signal. The designations are: 
W - 
WR signal 
A - 
Address 
X - 
No longer a valid logic level 
C - 
Clock 
Z - 
Float 
D - 
Input data 
Examples: 
H - 
Logic level high 
I 
- 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 
P - 
J5"SEN 


tAVLL= Time for address valid 
to ALE low. 
tLLPL= Time for ALE low 
to J5"SEN low. 


OUTPIIT 
DATA, 
to_v_XH_I~ 
r- tXHQX I 


t 
\'-----'X'-----'X~~X __ 
X_~X __ 
X~~ 


WRITE TO SBUF 


INPIIT DATA 
'-----r' 


CLEAR 
RI 


X 
7 
t 


SETTI 


t 
SETRI 


VD~'5=X 
>C 
O.2VDD+ll·9 


O.45V 
.~O_._2V~D~~~._1 
_ 


TIMING 
REFERENCE 


POINTS 


NOTE: 


AC INPUTS 
DURING 
TESTING 
ARE 
DRIVEN 
ATVD~.5 
FOR A LOGIC 
'1' AND 


O.45V FOR A LOGIC 
'0'. TIMING 
MEASUREMENTS 
ARE 
MADE 
AT VIH 
MIN FOR A 


LOGIC 
'" 
AND VIL 
MAX FOR A LOGIC 
'0'. 


NOTE: 


FOR TIMING 
PURPOSES, 
A PORT 
IS NO LONGER 
FLOATING 
WHEN 
A l00MV 


CHANGE 
FROM 
LOAD 
VOLTAGE 
OCCURS, 
AND 
BEGINS 
TO FLOAT 
WHEN 
A 


1QOmV CHANGE 
FROM 
THE 
LOADED 
VOH'VOL 
LEVEL 
OCCURS. 
loHlloL"- 
± 


2OmA. 


RST 


EX 


XTAL2 
Pl.6 


(NC) 


Pl.7 


CLOCK 
SIGNAL 
XTALI 


VSS 


Figure 9. 
100 Test Condition, 
Active 
Mode 


All other pins are disconnected 
Figure 10. 
100 Test Condition, 
Idle Mode 


All other pins are disconnected 


Figure 11. 
100 Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Voo = 2V to 5.5V 


NOTE: 
• 
Ports 1.6 and 1.7 should be connected to Vcc through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the lOll specification. 


Purchase of Philips 12Ccomponents conveys a license under the Philips' 12Cpatent 
to use the components in the 12C system provided the system conforms to the 
12Cspecifications defined by Philips. This specification can be ordered using the 
code 9398 393 40011. 


DESCRIPTION 
The B7C652 Single-Chip B-Bit Microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the BOC51 
microcontroller family. The B7C652 has the 
same instruction set as the BOC51. 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The B7C652 contains a non-volatile 
Bk x B EPROM, a volatile 256 x Bread/write 
data memory, four B-bit I/O ports, two 16-bit 
timer/event counters (identical to the timers of 
the BOC51), a multi-source, two-priority-Ievel, 
nested interrupt structure, an 12Cinterface, 
UART and on-chip oscillator and timing 
circuits. For systems that require extra 
capability, the B7C652 can be expanded 
using standard TIL compatible memories 
and logic. 


The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-by1e, 45 two-by1e and 17 
three-by1e. With a 16MHz crystal, 5B% of the 
instructions are executed in 0.751's and 40% 
in 1.51'S.Multiply and divide instructions 
require 31's. 


vcc 


PO.OIADO 


PO.l/AD' 


PO.21AD2 


PO.31AD3 


PO.41AD4 


PO.51AOS 


PO.61AD6 


PO.7/AD7 


EJWpp 


3 
ALEIPROO 


P2.7/A15 


P2..61A14 


P2.51A13 


P2.41A12 


P2.3/All 


P2.11A9 


P2.OIAB 


40 


39 


FEATURES 


• BOC51central processing unit 


• Bk x B EPROM expandable externally to 
64k by1es (EPROM is not expandable) 


• 256 x B RAM, expandable extemally to 
64k by1es 


• Two standard 16-bit timer/counters 


• Four B-bit I/O ports 


• 12C·bus serial I/O port with by1e oriented 
master and slave functions 


• Full-duplex UART facilities 


• Power control modes 
- 
Idle mode 


- 
Power-down mode 


• Rve package styles 


• Extended temperature range 


• OTP package available 


• Two speed ranges 


- 
16MHz 


- 
20M Hz 


SCUP1.6 
7 


SDAlP1.7 


lm1lIP3.2 
, 


ImT1P3.3 
1 


TOIP3.4 
1 


WRlP3.6 
1 


R01P3.7 
1 


XTAL2 
1 


CERAMIC 
AND PLASTIC 
LEADED 
CHIP CARRIER 
PIN FUNCTIONS 
PLASTIC 
QUAD FLAT PACK 
PIN FUNCTIONS 


17 
29 
11 
23 


18 
28 


12 
22 


Pin 
Function 
PIn 
Function 
Pin 
function 
Pin 
Function 
1 
NC· 
23 
NC8 
1 
Pl.5 
23 
P2.5IA13 


2 
Pl.D 
24 
P2.0IA8 
2 
P1.61SCL 
24 
P2.61A14 


3 
Pl.1 
25 
P2.1/A9 
3 
Pl.7/SDA 
25 
P2.7/A15 


4 
Pl.2 
26 
P2.2/Al0 
4 
RST 
26 
I'SEI'I 
5 
Pl.3 
27 
P2.31Al1 
5 
P3.OIRxD 
27 
ALEJI'ROO 


6 
P1.4 
28 
P2.41A12 
6 
NC· 
28 
NC· 
7 
P1.5 
29 
P2.S/A13 
7 
P3.11TXO 
29 
EJWpp 
8 
Pl.6ISCl 
30 
P2.61A14 
B 
P3.2II1'rnl 
30 
PO.l/AD7 
9 
P1.7/SDA 
31 
P2.7/A15 
9 
P3.3IIl'ITl 
31 
PO.61AD6 
10 
RST 
32 
I'SEI'I 
10 
P3.4ITO 
32 
PO.5IAD5 


11 
P3.OIRxD 
33 
ALEII'ROG 
11 
P3.5IT1 
33 
PO.41AD4 
12 
NC8 
34 
NCB 
12 
P3.6IWR 
34 
PO.31AD3 
13 
P3.11TxO 
35 
EJWpp 
13 
P3.71RU 
35 
PO.21AD2 
14 
P3.2II1'rnl 
36 
PO.l/AD? 
14 
XTAL2 
38 
PO.l/AD1 
15 
P3.3IIl'ITl 
37 
PO.61AD6 
15 
XTAll 
37 
PO.OIAOO 


16 
P3.4IT0 
38 
PO.5IAD5 
16 
VSS 
38 
Vcc 


17 
P3.5IT1 
39 
PO.41AD4 
17 
NC· 
39 
NC' 
18 
P3.6IWR 
40 
PO.31AD3 
18 
P2.0IA8 
40 
Pl.D 


19 
P3.71RU 
41 
PO.2JAD2 
19 
P2.1/A9 
41 
Pl.l 
20 
XTAL2 
42 
PO.lIADl 
20 
P2.2JA10 
42 
P1.2 
21 
XTAL1 
43 
PO.OIAOO 
21 
P2.31Al1 
43 
P.13 
22 
Vss 
44 
Vcc 
22 
P2.41A12 
44 
Pl.4 


• DO NOT CONNECT 
SUOO260 
• DO NOT CONNECT 
SU00261 


LOGIC SYMBOL 


Vcc Vss 


Il~O 


•......• 
•......• 
Zen 
•......• 
•......• 
<:) 
........ 
;:........ ~~ 
•......• 
a:•.........• 
a:!;( 
_ 
ft_ 
~o 
- - 
- - 


L{n{i~ 
~~~ 
{ ~- 


~ ~' 


1Irnl 
- 


",_Ill 


mTl_ 
•......• ~---.~ 
TO _ 
- 
ft-il! 
T1 
_ 
_ 
_ 
0 


WR+- 
- ~ 
lID+- 
- 


SUOO262 


1996Aug 
16 
3-1011 


PHILIPS 
PHILIPS NORTH AMERICA 
PART ORDER NUMBER 
TEMPERATURE 
PART MARKING 
PART ORDER NUMBER 
RANGE eC) 
FREQ 


ROMless 
ROM 
ROMless 
ROM 
Drawing 
AND PACKAGE 
MHz 
Number 


P80C652FBP 
P83C652FBP/xxx 
P80C652FBPN 
P83C652FBPN 
SOT129-1 
o to +70. Plastic Dual In-line Package 
16 


P80C652FBA 
P83C652FBAlxxx 
P80C652FBAA 
P83C652FBAA 
SOT187-2 
o to +70. Plastic Leaded Chip Carrier 
16 


P80C652FBB 
P83C652FBB/xxx 
P80C652FBBB 
P83C652FBBA 
SOT307-25 
o to +70. Plastic Quad Flat Pack 
16 


P80C652FFP 
P83C652FFP/xxx 
P80C652FFPN 
P83C652FFPN 
SOT129-1 
-40 to +85. Plastic Dual In-line Package 
16 


P80C652FFA 
P83C652FFAlxxx 
P80C652FFAA 
P83C652FFAA 
SOT187-2 
-40 to +85. Plastic Leaded Chip Carrier 
16 


P80C652FFB 
P83C652FFB/xxx 
P80C652FFBB 
P83C652FFBB 
SOT307-25 
-40 to +85. Plastic Quad Flat Pack 
16 


P80C652FHP 
P83C652FHP/xxx 
P80C652FHPN 
P83C652FHPN 
SOT129-1 
-40 to +125. Plastic Dual In-line Package 
16 


P80C652FHA 
P83C652FHAlxxx 
P80C652FHAA 
P83C652FHAA 
SOT187-2 
-40 to +125. Plastic Leaded Chip Carrier 
16 


P80C652FHB 
P83C652FHB/xxx 
P80C652FHBB 
P83C652FHBB 
SOT307-25 
-40 to +125. Plastic Quad Flat Pack 
16 


P80C6521BP 
P83C6521BP/xxx 
P80C6521BPN 
P83C6521BPN 
SOT129-1 
o to +70. Plastic Dual In-line Package 
24 


P80C6521BA 
P83C6521BAlxxx 
P80C6521BAA 
P83C6521BAA 
SOT187-2 
o to +70. Plastic Leaded Chip Carrier 
24 


P80C6521BB 
P83C6521BB/xxx 
P80C6521BBB 
P83C6521BBB 
SOT307-25 
o to +70. Plastic Quad Flat Pack 
24 


P80C6521FP 
P83C652I FP/xxx 
P80C6521FPN 
P83C6521FPN 
SOT129-1 
-40 to +85. Plastic Dual In-line Package 
24 


P80C6521FA 
P83C6521FAlxxx 
P80C6521FAA 
P83C6521FAA 
SOT187-2 
-40 to +85. Plastic Leaded Chip Carrier 
24 


P80C6521FB 
P83C6521FB/xxx 
P80C6521FBB 
P83C6521FBB 
SOT307-25 
-40 to +85. Plastic Quad Flat Pack 
24 
NOTES: 
1. 80C652 and 83C652 frequency range is 1.2MHz-16MHz 
or 1.2 to 24MHz. 
2. 
87C652 frequency range is 3.5MHz-16MHz 
or 3.5MHz-20MHz. 
3. The 87C652 EPROM is not expandable. 
4. 
xxx denotes the ROM code number. 
5. 
SOT311 replaced by SOT307-2. 


TEMPERATURE 
RANGE (OC) 
FREQ 


EPROM 
Drawing 
AND PACKAGE 
MHz 
Number 


S87C652-4N40 
SOT129-1 
o to +70, Plastic Dual In-line Package 
16 


S87C652-4F40 
05908 
o to +70, Ceramic Dual In-line 
16 
Package wlWindow 


S87C652-4A44 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier 
16 


S87C652·4K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
16 
wlWindow 


S87C652-4B44 
SOT307·2 
o to +70, Plastic Quad Flat Pack 
16 


S87C652-5N40 
SOT129-1 
-40 to +85, Plastic Dual In·line Package 
16 


S87C652-5F40 
05908 
-40 to +85, Ceramic Dual In-line Package 
16 
wlWindow 


S87C652-5A44 
SOT187-2 
-40 to +85, Plastic Leaded Chip Carrier 
16 


S87C652-5B44 
SOT307-2 
-40 to +85, Plastic Quad Flat Pack 
16 


S87C652-7N40 
SOT129-1 
o to +70, Plastic Dual In-line Package 
20 


S87C652-7F40 
05908 
o to +70, Ceramic Dual In-line Package 
20 
wlWindow 


S87C652-7 A44 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier 
20 


S87C652-7K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
20 
wlWindow 


S87C652-8N40 
SOT129-1 
-40 to +85, Plastic Dual In-line Package 
20 


S87C652-8F40 
05908 
-40 to +85, Ceramic Dual In-line Package 
20 
wlWindow 


S87C652-8A44 
SOT187-2 
-40 to +85, Plastic Leaded Chip Carrier 
20 


FREQUENCY 
REFERENCE 
r-'--1 


XTAl2 
XTALl 


I-- 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 


PROGRAM 
MEMORY 
~~M~) 


DATA 


MEMORY 
(256x8 
RAM) 


INTll 
ll'JT1 
L-..,---J 


EXTERNAL 
INTERRUPTS 


COUNTERS 
,--'------, 


TO 
Tl 


SD 
J 


SHARED 
WITH 
SCL 
PORT 
1 


PIN NO. 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


Vss 
20 
22 
16 
I 
Ground: 
OV reference. 


Vee 
40 
44 
38 
I 
Power Supply: 
This is the power supply voltage for normal, idle, and power-down 


operation. 


PO.CHl.7 
39-32 
43-36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to them 
float and can be used as high-impedance 
inputs. Port 0 is also the multiplexed low-order 


address and data bus during accesses to extemal program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1s. Port 0 also outputs the code 
bytes during program verification in the 87C652. External pull-ups are required during 
program verification. 


P1.o-P1.7 
1-8 
2-9 
40-44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with intemal pull-ups, except Pl.6 and Pl. 7 


1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the intemal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the intemal pull-ups. (See DC Electrical Characteristics: 
IILl. 


Port 1 also receives the low-order address byte during program memory verification. 
Alternate functions include: 
Pl.6 
7 
8 
2 
I/O 
SCL: 
12C-bus serial port clock line. 


Pl.7 
8 
9 
3 
I/O 
SDA: 
12C-bus serial port data line. 


P2.o-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the intemal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are extemally being pulled low will source current because of the intemal 
pull·ups. (See DC Electrical Characteristics: 
IILl. Port 2 emits the high-order address byte 


during fetches from extemal program memory and dUring accesses to extemal data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong intemal 
pull-ups when emitting 1s. During accesses to extemal data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 


P3.o-P3.7 
10-17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with intemal pull-ups. Port 3 pins that have 1s 
13-19 
7-13 
written to them are pulled high by the intemal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are extemally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: 
IILl. Port 3 also serves the special features of the 80C51 
family, as listed below: 
10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
rnTO (P3.2): Extemal interrupt 
13 
15 
9 
I 
mTf 
(P3.3): Extemal interrupt 


14 
16 
10 
I 
TO (P3.4): Timer 0 extemal input 


15 
17 
11 
I 
T1 (P3.S): Timer 1 extemal input 


16 
18 
12 
0 
WR (P3.6): Extemal data memory write strobe 


17 
19 
13 
0 
AD (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An intemal diffused resistor to Vss permits a power-on reset using only an extemal 
capacitor to Vee. 


ALEIPROG 
30 
33 
27 
I/O 
Address 
Latch EnablelProgram 
Pulse: Output purse for latching the low byte of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for extemal timing or clocking. 
Note that one ALE pulse is Sk~Uring 
each access to external data memory. This pin is 


also the program pulse input ( 
) during EPROM programming. 


"F'"S"EN 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to externa~am 
memory. When the 87C652 is 


executing code from the external program memory, 
is activated twice each machine 


cycle, exp~mat 
two "F'"S"ENactivations are skipped during each access to extemal data 


memory. 
is not activated during fetches from internal program memory. 
FANpp 
31 
35 
29 
I 
External 
Access 
EnablelProgramming 
Supply Voltage: EA must be extemally held low to 


enable the device to fetch code from external program memory locations OOOOHand 1FFFH. 
If EA is held high, the device executes from intemal program memory unless the program 
counter contains an address greater than 3FFFH. This pin also receives the 12.75V 
programming supply voltage (Vpp) during EPROM programming. 


XTALl 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid "latch·up· effect at power-on, the voltage on any pin at any time must not be higher than Vee + 0.5V or Vss - 0.5V, respectively. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS 
MSB 
lSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
El 
EO 
OOH 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
Fl 
FO 
OOH 


DPTR: 
Data pointer 


(2 bytes) 


DPH 
Data pointer high 
83H 
OOH 
DPl 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE'# 
Interrupt enable 
A8H 
EA 
I 
I 
ESl 
I 
ESO I 
ETl 
I 
EXl 
I 
ETO I 
EXO 
OxOOOOOOB 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP'# 
Interrupt priority 
B8H 
- 
I 
I 
PSl 
I 
PSO I 
PTl 
I 
PXl 
I 
PTO I 
PXO 
xxOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO' 
PortO 
80H 
AD7 I AD6 I 
ADS 
I 
AD4 
I 
AD3 
I 
AD2 
I 
ADl 
I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


Pl'# 
Port 1 
90H 
SDA I SCl 
I 
I 
I 
I 
I 
I 
FFH 


A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 


P2' 
Port 2 
AOH 
A15 I A14 I 
A13 
I 
A12 
I 
All 
I 
Al0 
I 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
Bl 
BO 


P3' 
Port 3 
BOH 
lmlvml 
Tl 
I 
TO 
I Tfm I Jm'O 
I 
TXD 
I 
RXD 
FFH 


PCON 
Power control 
87H 
SMOD I 
- 
I 
- 
I 
- 
I 
GFl 
I 
GFO I 
PD 
I 
IDl 
OxxxOOOOB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SOCON'# 
Serial 0 port control 
98H 
SMO I SMl 
I 
SM2 I 
REN I 
TB8 
I 
RB8 
I 
TI 
I 
RI 
OOH 


SOBUF# 
Serial 0 data buffer 
99H 
xxxxxxxxB 


D7 
D6 
D5 
D4 
D3 
D2 
Dl 
DO 


PSW' 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RSl 
I 
RSO I 
OV 
I 
Fl 
I 
P 
OOH 


S1DAT# 
Serial 1 data 
DAH 
OOH 


SP 
Stack pointer 
81H 
07H 


SlADR# 
Serial 1 address 
DBH 
SLAVE ADDRESS 
I 
GC 
OOH 


SlSTA# 
Serial 1 status 
D9H 
SC4 I SC3 I 
SC2 
I 
SCl 
I 
SCO I 
0 
I 
0 
I 
0 
F8H 
r 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


SlCON'# 
Serial 1 control 
D8H 
CR2 I ENSl I 
STA 
I 
STO I 
SI 
I 
AA 
I 
CRl 
I 
CRO 
OOOOOOOOB 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON' 
TImer control 
88H 
TFl 
I TRl 
I 
TFO I 
TRO I 
IEl 
I 
ITl 
I 
IEO I 
ITO 
OOH 


THl 
TImer high 1 
8DH 
OOH 
THO 
TImer high 0 
8CH 
OOH 


Tll 
TImer low 1 
8BH 
OOH 
TlO 
TImer low 0 
8AH 
OOH 
TMOD 
TImer mode 
89H 
GATE I crr I 
Ml 
I 
MO 
I GATE I 
crr 
I 
Ml 
I 
MO 
OOH 


OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 3-1011. 


To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the 
external clock signal, because the input to 
the internal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


RESET 
A reset is accomplished 
by holding the RST 


pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 


milliseconds) plus two machine cycles. At 
power-on, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 


power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. the 
control bits for the reduced power modes are 
in the special function register PCON. Table 2 
shows the state of the 1/0 ports during low 
current operating modes. 


12C SERIAL 
COMMUNICATION 
- 


SI01 
The 
12C serial port is identical to the 12C 


serial port on the 8XC552. The operation of 
this subsystem is described in detail in the 
8XC552 section of this manual. 


Note that in both the 8XC65214 and the 
8XC552 the 12Cpins are altemate functions 
to port pins P1.6 and P1.7. Because of this, 
P1.6 and P1.7 on these parts do not have a 
pull-up structure as found on the 80C51. 
Therefore P1.6 and P1.7 have open drain 
outputs on the 8XC65214. 


PROGRAM 


MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Intemal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
Extemal 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
Extemal 
0 
0 
Float 
Data 
Data 
Data 


Serial 
Control 
Register 
(S1 CON) - See Table 3 


S1CON (DOH) 


BIT FREQUENCY 
(kHZ) AT fosc 


CR2 
CR1 
CRO 
6MHz 
12MHz 
16MHz 
20MHz 
fose DIVIDED BY 


0 
0 
0 
23 
47 
62.5 
78 
256 
0 
0 
1 
27 
54 
71 
89 
224 
0 
1 
0 
31.25 
62.5 
83.3 
1041 
192 
0 
1 
1 
37 
75 
100 
1251 
160 
1 
0 
0 
6.25 
12.5 
17 
21 
960 
1 
0 
1 
50 
100 
1331 
1661 
120 
1 
1 
0 
100 
2001 
2671 
3341 
60 
1 
1 
1 
> 0.25 < 62.5 
> 0.5 < 62.5 
> 0.65 < 55.6 
> 0.81 < 69.4 
96 x (256 - (reload value Timer 1» 
o to 255 
o to 254 
o to 253 
o to 253 
(Reload value range: 0 - 254 in mode 2) 
NOTES: 
1. These frequencies exceed the upper limit of 100kHz of the 12C-busspecification and cannot be used in an 12C-busapplication. 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
~5to+150 
°C 


Voltage on EANpp to Vss 
-0.5 to + 13 
V 


Voltage on any other pin to Vss 
-0.5 to + 6.5 
V 


Input, output current on any single pin 
±5 
mA 


Input, output current on any two pins 
±10 
mA 


Power dissipation (based on package heat transfer 
1 
W 
limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its intemal devices 
from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to Vss unless otherwise noted. 


SUPPLY VOLTAGE 
FREQUENCY 
(V) 
(MHz) 
TEMPERATURE 


TYPE 
MIN. 
MAX. 
MIN. 
MAX. 
eC) 


S87C652-4 
4.5 
5.5 
3.5 
16 
o to +70 


S87C652-5 
4.5 
5.5 
3.5 
16 
-40 to +85 


S87C652-7 
4.5 
5.5 
3.5 
20 
o to +70 


S87C652-8 
4.5 
5.5 
3.5 
20 
-40 to +85 


DC ELECTRICAL 
CHARACTERISTICS 


v 
OV 
ss - 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
PART TYPE 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Vil 
Input low voltage, 
O°C to +70°C 
--{).5 
0.2Vee 
0.1 
V 
except EA, P1.6/SCL, P1.7/SDA 
-40°C to +85°C 
--{).5 
0.2Vee-0.15 
V 


VIL1 
Input low voltage to EA 
O°Cto +70°C 
--{).5 
0.2Vcc 
0.3 
V 


-40°C to +85°C 
--{).5 
0.2Vcc - 0.35 
V 


V1l2 
Input low voltage to P1.6/SCL, P1.7/SDA6 
--{).5 
1.5 
V 


VIH 
Input high voltage, except XTAL 1, RST, 
O°Cto +70°C 
O.I!Vcc +0.9 
Vcc + 0.5 
V 
P1.61SCL, P1.7/SDA 
-40°C to +85°C 
0.2Vce + 1.0 
Vce + 0.5 
V 


VIHl 
Input high voltage, XTAL 1, RST 
O°Cto +70°C 
O·7Vcc 
Vcc + 0.5 
V 


-40°C to +85°C 
0.7Vec + 0.1 
Vcc+ 
0.5 
V 


VIH2 
Input high voltage, P1.61SCL, P1.7/SDA6 
3.0 
6.0 
V 


VOL 
Output low voltage, ports 1, 2, 3, 
IOl= 
1.6mA8 
0.45 
V 
except P1.61SCL, P1.7/SDA 


VOL1 
Output low voltage, port 0, ALE, J5SEN 
IOl= 3.2mA8 
0.45 
V 


VOL2 
Output low voltage, P1.61SCL, P1.7/SDA 
IOl=3.0mA 
0.4 
V 


VOH 
Output high voltage, ports 1, 2, 3 
O°Cto +70°C 
IOH=-60!1A 
2.4 
V 


-40°C to +85°C 
IOH=-25!1A 
0.75Vcc 
V 


VOHl 
Output high p~~2e, 
Port 0 in external bus 
O°C to +70°C 
'OH= -400!1A 
2.4 
V 
mode, ALE, 
, RsT9 
-40°C to +85°C 
IOH= -150!1A 
0.75Vcc 
V 


III 
Logical 0 input current, ports 1, 2, 3, except 
O°C to +70°C 
V1N=0.45V 
-50 
!LA 
P1.61SCL, P1.7/SDA 
-40°C to +85°C 
-75 
!1A 


ITl 
Logical 1-to-0 transition current, ports 1, 2, 
O°Cto +70°C 
See Note 7 
-650 
!1A 
3, except P1.61SCL, P1.7/SDA 
-40°C to +85°C 
-750 
!1A 


IL1 
Input leakage current, port 0 
0.45 < Vi < Vcc 
±10 
!1A 


1L2 
Input leakage current, P1.61SCL, P1.7/SDA 
OV <Vi <6.0V 
±10 
!1A 


OV < Vce < 6.0V 
!LA 


Ice 
Power supply current: 
See Note 1 


Vcc= 
6.0V 
Active mode 
@ 16MHz2 
25 
mA 
,. 
Idle mode 
@ 16MHz3 
6 
mA 
Power down mode 4, 5 
O°Cto +70°C 
50 
!1A 
Power down mode 4, 5 
-40°C to +125°C 
135 
!1A 


RRST 
Internal reset pull-down resistor 
50 
150 
kn 


CIO 
Pin Capacitance 
Freq. = 1MHz 
10 
pF 
NOTES: 
1. See Figures 9 through 12 for Icc test conditions. 
2. 
The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t, = tf = 10ns; V1l = VSS + 0.5V; VIH = Vcc 
--{).5V; XTAL2 not connected; EA = RST = Port 0 = P1.6 = P1.7 = Vcc; fClK = 16MHz. See Figure 9. 
3. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t,.= tf = 10ns; Vil = Vss + 0.5V; VIH = Vcc 


--{).5V; XTAL2 not connected; Port 0 = P1.6 = P1.7 = Vcc; EA = RST = Vss; fClK = 16MHz. See Figure 10. 


4. 
The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = P1.6 = P1.7 = Vcc; EA = RST = Vss. 
See Figure 12. 
5. 
2V S VPD$ Vccmax. 


6. The input threshold voltage of P1.6 and P1.7 (SI01) meets the 12Cspecification, so an input voltage below 1.5V will be recognized as a logic 
o while an input voltage above 3.0V will be recognized as a logic 1. 


7. 
Pins of ports 1 , 2, and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 


8. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOlS of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations. In the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed O.BV.In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOl can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 


9. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and J5SEN to momentarily fall below the 0.9V CCspecification when the 
address bits are stabilizing. 


AC ELECTRICAL 
CHARACTERISTICS 
Tamb= O°C to +70°C, or Tamb= --40°C to +85°C, YSS= Oyl, 2 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1/lcLCL 
1 
Oscillator frequency 
3.5 
16 
MHz 


tLHLL 
1 
ALE pulse width 
85 
2lcLCL--40 
ns 


tAVLL 
1 
Address valid to ALE low 
8 
lcLCL-55 
ns 


tLLAX 
1 
Address hold after ALE low 
28 
tCLCL-35 
ns 


tLLlV 
1 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


!t.LPL 
1 
ALE low to J5Srn low 
23 
lcLCL-40 
ns 


tPLPH 
1 
J5Srn pulse width 
143 
3lcLCL-45 
ns 


tpLiV 
1 
J5Srn low to valid instruction in 
83 
3lcLCL-105 
ns 


tPXIX 
1 
Input instruction hold after J5Srn 
0 
0 
ns 


tPXIZ 
1 
Input instruction float after J5Srn 
38 
lcLCL-25 
ns 


tAVIV 
1 
Address to valid instruction in 
208 
5lcLCL-105 
ns 


tpLAZ 
1 
J5Srn low to address float 
10 
10 
ns 


Data Memory 


tAVLL 
2,3 
Address valid to ALE low 
28 
tCLCL-35 
ns 


tRLRH 
2,3 
m:; pulse width 
275 
6tCLCL-100 
ns 


tWLWH 
2,3 
WR pulse width 
275 
6lcLCL-100 
ns 


tRLOV 
2,3 
m:; low to valid data in 
148 
5lcLCL-165 
ns 


tRHOX 
2,3 
Data hold after m:; 
0 
0 
ns 


tRHOZ 
2,3 
Data float after m:; 
55 
2lcLCL-70 
ns 


tLLOV 
2,3 
ALE low to valid data in 
350 
BlcLCL-150 
ns 


tAvOV 
2,3 
Address to valid data in 
39B 
9lcLCL-165 
ns 


!t.LWL 
2,3 
ALE low to m:; or WR low 
13B 
23B 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
2,3 
Address valid to WR low or m:; low 
120 
4tCLCL-130 
ns 


tavwx 
2,3 
Data valid to WR transition 
3 
tCLCL~O 
ns 


tow 
2,3 
Data setup time before WR 
2BB 
7lcLCL-150 
ns 


tWHQX 
2,3 
Data hold after WR 
13 
lcLCL-50 
ns 


tRLAZ 
2,3 
m:; low to address float 
0 
0 
ns 


tWHLH 
2,3 
m:; or WR high to ALE high 
23 
103 
tCLCL-40 
lcLCL+40 
ns 


Shift Register 


tXLXL 
4 
Serial port clock cycle time4 
0.75 
12!cLCL 
I'S 


taVXH 
4 
Output data setup to clock rising edge4 
492 
1OlcLCL-133 
ns 


tXHQX 
4 
Output data hold after clock rising edge4 
B 
2!cLCL-117 
ns 


tXHOX 
4 
Input data hold after clock rising edge4 
0 
0 
ns 


tXHOV 
4 
Clock rising edge to input data valid4 
49B 
10lcLCL-133 
ns 


External 
Clock 


lcHCX 
5 
High time4 
20 
20 
lcLCL-!t.OW 
ns 


lcLCX 
5 
Lowtime4 
20 
20 
lcLCL - tHIGH 
ns 


lcLCH 
5 
Rise time4 
20 
20 
ns 


lcHCL 
5 
Falltime4 
20 
20 
ns 


AC ELECTRICAL 
CHARACTERISTICS 
(Continued) 


Tamb = O°C to +70°C, or Tamb = -40°C to +85°C, Vss = OV', 2 


20MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1!tcLCL 
1 
Oscillator frequency 
3,5 
20 
MHz 


ILHLL 
1 
ALE pulse width 
60 
2tcLCL-40 
ns 


tAVLL 
1 
Address valid to ALE low 
25 
IcLCL-25 
ns 


ILLAX 
1 
Address hold after ALE low 
25 
IcLCL-25 
ns 


ILuv 
1 
ALE low to valid instruction in 
135 
4lcLCL-65 
ns 


ILLPL 
1 
ALE low to PSEIiIlow 
25 
IcLCL-25 
ns 


tPLPH 
1 
PSEIiI pulse width 
105 
3lcLCL-45 
ns 


tpuv 
1 
PSEIiIlow 
to valid instruction in 
90 
3lcLCL-60 
ns 


tpXIX 
1 
Input instruction hold after PSEIiI 
0 
0 
ns 


tPXIZ 
1 
Input instruction float after PSEIiI 
25 
IcLCL-25 
ns 


tAVIV 
1 
Address to valid instruction in 
170 
5lcLCL-80 
ns 


tpLAZ 
1 
PSEIiIlow 
to address float 
10 
10 
ns 


Data Memory 


tAvLL 
2,3 
Address valid to ALE low 
25 
IcLCL-25 
ns 


tRLRH 
2,3 
RU pulse width 
200 
6tCLCL-100 
ns 


tWLWH 
2,3 
WR pulse width 
200 
6lcLCL-100 
ns 


tRLOV 
2,3 
RU low to valid data in 
160 
5lcLCL-90 
ns 


tRHOX 
2,3 
Data hold after RU 
0 
0 
ns 


tRHOZ 
2,3 
Data float after RU 
72 
2tcLCL-28 
ns 


hov 
2,3 
ALE low to valid data in 
250 
8lcLCL-150 
ns 


tAVOV 
2,3 
Address to valid data in 
285 
9lcLCL-165 
ns 


ILLWL 
2,3 
ALE low to RU or WR low 
100 
200 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
2,3 
Address valid to WR low or RU low 
125 
4lcLCL-75 
ns 


tavwx 
2,3 
Data valid to WR transition 
20 
IcLCL-30 
ns 


tow 
2,3 
Data setup time before WR 
220 
7lcLCL-130 
ns 


tWHQX 
2,3 
Data hold after WR 
25 
tCLCL-25 
ns 


tRLAZ 
2,3 
RU low to address float 
0 
0 
ns 


tWHLH 
2,3 
RU or WR high to ALE high 
25 
75 
tCLCL-25 
IcLCL+25 
ns 


Shift Register 


tXLXL 
4 
Serial port clock cycle time4 
0,6 
12lcLCL 
IJ.S 


taVXH 
4 
Output data setup to clock rising edge4 
367 
10lcLCL-133 
ns 


tXHQX 
4 
Output data hold after clock rising edge4 
40 
2lcLCL-60 
ns 


tXHOX 
4 
Input data hold after clock rising edge4 
0 
0 
ns 


tXHOV 
4 
Clock rising edge to input data valid4 
367 
1OlcLCL-133 
ns 


External 
Clock 


IcHCX 
5 
Hightime4 
17 
17 
IcLCL 
ILow 
ns 


IcLCX 
5 
Lowtime4 
17 
17 
IcLCL 
!HIGH 
ns 


IcLCH 
5 
Risetime4 
20 
20 
ns 


IcHCL 
5 
Fall time4 
20 
20 
ns 


AC ELECTRICAL 
CHARACTERISTICS 
(Continued) 
Tamb= O°C to +70°C, or Tamb= -40°C to +85°C, VSS = OV1,2 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 
. 


12CInterface 


!HD;STA 
START condition hold time 
~ 14 lcLCL 
> 4.0J!S 4 


tLOW 
SCl low time 
~ 16 lcLCL 
> 4.71ls 4 


!HIGH 
SCl high time 
~ 14 lcLCL 
> 4.0J!S4 


tRC 
SClrisetime 
$llls 
_5 


tFC 
SCl lall time 
$0.3Ils 
< 0.31ls 6 


tSU;DATl 
Data set-up time 
~ 250ns 
> 20 lcLCL - tRD 


tsu;DAT2 
SDA set-up time (belore rep. START cond.) 
~250ns 
> lJ!S 4 


tSU;DAT3 
SDA set-up time (belore STOP cond.) 
~250ns 
> 8 lcLCL 


!HD;DAT 
Data hold time 
~Ons 
> 8 lcLCL - tFC 


tsU;STA 
Repeated START set-up time 
~ 14 lcLCL 4 
> 4.7J!S4 


tsu;sTO 
STOP condition set-up time 
~ 14 lcLCL 4 
> 4.0J!S 4 


teUF 
Bus Iree time 
~ 14 lcLCL 4 
> 4.7J!S 4 


tRD 
SDArisetime 
$11lS7 
_5 


tFD 
SDAlalltime 
$ 300ns7 
< 0.3J!S6 


NOTES: 
1. Parameters are valid over operating temperature range and voltage range unless otherwise specilied. 
2. 
load capacitance lor port 0, ALE, and J5SEfiI = 100pF, load capacitance lor all other outputs = 80pF. 
3. These values are characterized but not 100% production tested. 
4. 
At 100 kbitls. At other bit rates this value is inversely proportional to the bit-rate 01100 kbitls. 


5. 
Determined by the extemal bus-line capacitance and the extemal bus-line pull-resistor, this must be < 11ls. 
6. 
Spikes on the SDA and SCl lines with a duration 01less than 3 lcLCL will be filtered out. Maximum capacitance on bus-lines SDA and 
SCl =400pF. 
7. ~LCL = l/fosc 
= one oscillator clock period at pin XTAll. 
For 63ns < lcLCL < 285ns (16MHz > losc > 3.5MHz) the ,2C interface meets the 
, C-bus specification lor bit-rates up to 100 kbitls. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - 
Output data 
first character is always 't' (: time). The other 
R - 
RO signal 


characters, depending on their positions, 
t 
- 
Time 
indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W - 
WR signal 


A - 
Address 
X - 
No longer a valid logic level 


c-a~ 
z-~. 
D - 
Input data 
Examples: 
H - 
Logic level high 
I 
- 
Instruction (program memory contents) 
L - 
Logic level low, or ALE 
P - 
"P'SEI'J 


tAVLL: Time for address valid 


to ALE low. 
tLLPL: Time for ALE low 


to "P'SEI'J low. 


HIIXHQXI 


OUTPUT 
DATA 
t 
WAITE 
TO SBUF 


INPUT 
DATA 
'-----t' 


CLEAA 
AI 


Vec-O·5 
- 
- 
- 
- 


O·7Vec 
O.45V 
O.2VCc-O.1 


VC~5=X 
>C 


o2VCC+O 
9 


o 45V""':' 
.O_2V-,C",~,,-_' ~ 


NOTE: 
AC inputs 
during 
testing 
are driven 
at Vcc 
-0.5 
for a logic '1' and OASV for a logic '0', 


Timing 
measurements 
are made 
at VIH min for a logic '" 
and Vil max for a logic '0', 


TIMING 


REFERENCE 
POINTS 


NOTE: 


For liming 
purposes, 
a port is no longer 
floating 
when 
a 100mV 
change 
from 
load vortage 
occurs, 


and begins 
to float when 
a 10amV 
change 
from the loaded 
VOfrIVOllevel 
occurs. 
IQH!1OL ~ :t:2OmA. 


Figure 9. 
Ice Test Condition, 
Active 
Mode 
All other pins are disconnected 


NOTE: 
• 
Ports 1.6 and 1.7 should be connected to VCC through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the lOll specification. 


Figure 1D. Icc Test Condition, 
Idle Mode 
All other pins are disconnected 


VCC-O·5 
- 
- 
- 
- 


O.5V 


Figure 11. 
Clock Signal Waveform 
for Icc Tests in Active and Idle Modes 


tCLCL = teHCL = 1Dns 


RST 
9: 
- 
87C652 


(NC) 
XTAL2 


XTAL1 


vss 


Figure 12. 
Icc Test Condition, 
Power Down Mode 
All other pins are disconnected 
Vcc = 2V to 5.5V 


NOTE: 
• 
Ports 1.6 and 1.7 should be connected to Vcc through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the IOL1 specification. 


EPROM CHARACTERISTICS 
The 87C652 is programmed by using a 
modified Quick-Pulse Programming'" 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEJ15ROOpulses. 


The 87C652 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C652 manufactured by Philips 
Components. 


Table 4 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 13 and 14. Figure 15 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 13. Note that 
the 87C652 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
intemal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 13. The code byte to be 
programmed into that location is applied to 
port O. RST, J5SEN and pins of ports 2 and 3 
specified in Table 4 are held at the 'Program 
Code Data' levels indicated in Table 4. The 
ALEJ15ROOis pulsed low 25 times as shown 
in Figure 14. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using the "Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
Bit' levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 


Note that the FANpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 
If lock bit 2 has not been programmed, the 
on-Chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 15. The other pins are held at the 
'Verify Code Data' levels indicated in Table 4. 
The contents of the address location will be 
emitted on port O. Extemal pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctiy decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) 
5H indicates manufactured by 
Philips 


(031H) 
99H indicates 87C652 


ProgramlVerify Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 4, and which 
satisfies the timing specifications, 
is suitable. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 


is recommended 
that an opaque label be 


placed over the window. 
For elevated 


temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000uW/cm2 
rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. Erasure leaves the 
array in an all 1s state. 


MODE 
RST 
J5SEN 
ALEIPROG 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O· 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 


Pgm lock bit 1 
1 
0 
o· 
Vpp 
1 
1 
1 
1 


Pgm lock bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


N T 
o ES. 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. 
Vpp = 12.75V ±O.25V. 


3. 
Vcc = 5V±1 0% during programming and verification. 
ALEJ15ROOreceives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 1OO"s (+1O"s) and high for a 
minimum of 1O!'S. 
r 
- 
r 


Vcc 


Pl 
PO 


RST 
EJWPP 


P3.6 
ALEII'ROO 


P3.7 
87C652 
I'Sm 


XTAl2 
P2.7 


P2.6 


XTAl.1 
P2.lH'2.4 


VSS 
P2.5 


I 
C 
1 
10~s MIN '-+i 
I" 
l00IlS±10 ----OWl 


ALEJI'RUG" --0 
I 
~n~ 
~n __ 


Vcc 


_A7 
Pl 
PO 
PGM DATA 


RST 
EJWPP 


P3.6 
ALEII'ROO 


P3.7 
87C652 
I'Sm 


XTAl2 
P2.7 
O~ 


P2.6 


XTAl.1 
P2.Q-P2.4 
A8-A12 


VSS 
P2.5 
- 
SU00269 


Figure 15. 
Program Verilication 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21·C to +27·C, 
VCC = 5V±10%. 
VSS = OV (see Figure 
16) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply current 
50 
mA 


1ltcLCL 
Oscillator 
frequency 
4 
6 
MHz 


tAVGL 
Address 
setup to J5ROG low 
4BteLCL 


lGHAX 
Address 
hold after J5ROG 
4BteLCL 


IovGL 
Data setup to J5ROG low 
4BteLCL 


lGHDX 
Data hold after J5ROG 
4BteLCL 


leHSH 
P2.7 (Er'IAsrr) high to Vpp 
4BteLCL 


tSHGL 
Vpp setup to J5ROG low 
10 
IlS 


lGHSL 
Vpp hold after J5ROG 
10 
IlS 


lGLGH 
J5R0Gwidth 
90 
110 
~s 


tAVQV 
Address 
to data valid 
4BteLCL 


tELQZ 
~ 
low to data valid 
4BteLCL 


tEHQZ 
Data float after~ 
0 
4BteLCL 


lGHGL 
J5ROG high to J5ROG low 
10 
IlS 


lGHDX 
lGHAX 


Purchase 
of Philips 12Ccomponents 
conveys 
a license under the Philips' 
/2C patent 
to use the components 
in the 
12C system 
provided 
the system 
conforms 
to the 


r2c specifications 
defined 
by Philips. 
This 
specification 
can be ordered 
using the 
code 9398 393 40011. 


Philips 
Semiconductors 


DESCRIPTION 
The PB3C654 Single-Chip B-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the BOC51 microcontroller family. The 
B3C654 has the same instruction set as the 
BOC51. Two versions of the derivative exist: 


B3C654 - 
16k bytes mask programmable 
ROM 


B7C654 - 
EPROM version (described in a 
separate data sheet) 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The B3C654 contains a non-volatile 
16k x B read-only program memory, a volatile 
256 x B read/write data memory, four B-bit I/O 
ports, two 16-bit timer/event counters 
(identical to the timers of the BOC51), a 
multi-source, two-priority-Ievel, 
nested 
interrupt structure, an 12Cinterface, UART 
and on-chip oscillator and timing circuits. For 
systems that require extra capability, the 


PO.OIADO 


PO.l/ADl 


PO.21AD2 


PO.31AD3 


PO.41AD4 


PO.51AD5 


P2.7/A15 


P2.61A14 


P2.3/All 


P2.21Al0 


BXC654 can be expanded using standard 
TIL compatible memories and logic. 


The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 twO-byte and 17 
three-byte. With a 16(24)MHz crystal. 5B% of 
the instructions are executed in 0.75(0.5)1'S 
and 40% in 1.5(1)l1s. Multiply and divide 
instructions require 3(2)l1s. 


VOO 


PO.OIADO 


PO.l/AD1 


Pl.3 
PO.21AD2 


PO.31AD3 


Pl.5 
PO.41AD4 


PO.51AD5 


SDAlPl.7 
PO.61AD6 


RST 
PO.7/AD7 


RxDIP3.0 
EJ( 


NC· 
NC· 


TxDlP3.1 
ALE 


I'SER 


Jm'f1P3.3 
P2.7/A15 


TOIP3.4 
P2.61A14 


T11P3.5 
P2.51A13 


WRiP3.6 
P2.41A12 


1m1P3.7 
P2.3/All 


XTAL2 
P2.21A10 


XTALl 
P2.1/Ai 


vss 
P2.OIA8 


• BOC51 central processing unit 


• 16k x B ROM expandable externally to 


64k bytes 


• 256 x B RAM, expandable extemally to 


64k bytes 


• Two standard 16-bit timer/counters 


• Four B-bilIlO 
ports 


• 12C-busserial I/O port with byte oriented 


master and slave functions 


• Full-duplex UART facilities 


• Power control modes 


- 
Idle mode 


- 
Power-down mode 


• ROM code protection 


• Extended frequency range: 1.2 to 24 MHz 


• Three operating ambient temperature 


ranges: 


o to 
+70·C 


-40 to +B5·C 
-40 to +125·C 


PLASTIC 
LEADED 
CHIP 
CARRIER 
PIN FUNCTIONS 
PLASTIC 
QUAD 
FLAT PACK 
PIN FUNCTIONS 


17 
29 
11 
23 


18 
28 


12 
22 


Pin 
Function 
Pin 
Function 
Pin 
FunctIon 
Pin 
Function 


1 
NC' 
23 
NC' 
1 
Pl.5 
23 
P2.51AI3 


2 
Pl.O 
24 
P2.OIAB 
2 
Pl.6ISCL 
24 
P2.61A14 


3 
PL1 
25 
P2.lIA9 
3 
Pl.7/SDA 
25 
P2.7/A15 


4 
Pl.2 
26 
P2.21Al0 
4 
RST 
26 
Pw1 


5 
Pl.3 
27 
P2.31Al1 
5 
P3.OIRxD 
27 
ALE 


6 
Pl,4 
28 
P2.41A12 
6 
VSS4 
28 
VSS2 
7 
Pl.5 
29 
P2.51A13 
7 
P3.11TxD 
29 
EAAlpp 


8 
Pl.61SCL 
30 
P2.61A14 
8 
P3.2JTI'll1j 
30 
PO.7/AD7 


9 
Pl.7/SDA 
31 
P2.7/A15 
9 
P3.3IIIm" 
31 
PO.61AD6 


10 
RST 
32 
PSER 
10 
P3.4IT0 
32 
PO.5/AD5 
11 
P3.OIRxD 
33 
ALE 
11 
P3.SIT' 
33 
PO.41AD4 
12 
NC' 
34 
NC' 
12 
P3.6IWR 
34 
PO.31AD3 


13 
P3.1!TxD 
35 
E;\; 
13 
P3.71RD 
35 
PO.21AD2 


14 
P3.2JTI'll1j 
36 
PO.7/AD? 
14 
XTAL2 
36 
PO.lIADI 


15 
P3.3IIIm" 
37 
PO.61AD6 
15 
XTAL1 
37 
PO.OIADO 


16 
P3.4IT0 
38 
PO.51AD5 
16 
VSS1 
38 
Voo 


17 
P3.5IT1 
39 
PO.41AD4 
17 
NC' 
39 
VSS3 
18 
P3.6IWR 
40 
PO.31AD3 
18 
P2.OIAB 
40 
Pl.O 


19 
P3.7/RO 
41 
PO.21AD2 
19 
P2.lIA9 
41 
Pl.l 


20 
XTAL2 
42 
PO.1IADl 
20 
P2.21Al0 
42 
P1.2 


21 
XTAll 
43 
PO.OIADO 
21 
P2.31Al1 
43 
Pl.3 


22 
VSS 
44 
Voo 
22 
P2.4/A12 
44 
Pl.4 


• DO NOT 
CONNECT 
• DO NOT 
CONNECT 


NOTES TO QFP ONLY: 


1. 
Due to EMC improvements, all VSS 
pins 


(6, 
16, 
28, 39) must be connected to V ss 
on the 80C652183C654. 


PHILIPS PART 
. 


ORDER NUMBER 
PHILIPS NORTH AMERICA 
TEMPERATURE 
PART ORDER NUMBER 
Drawing 
RANGEoC 
FREQ 
PART MARKING 
Number 
MHz2,3 


ROMless' 
AND PACKAGE 
ROMless' 
ROM 
ROM 


P80C652FBP 
P83C654FBP/xxx 
P80C652FBPN 
P83C654FBPN 
SOT129-1 
o to +70, Plastic Dual In-line Package 
16 


o to +70, Ceramic Dual In-line Package 
16 


wNVindow 


P80C652FBA 
P83C654FBAlxxx 
P80C652FBAA 
P83C654FBAA 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier 
16 


P80C652FBB 
P83C654FBB/xxx 
P80C652FBBB 
P83C654FBBB 
SOT307-25 
o to +70, Plastic Quad Flat Pack 
16 


P83C654FBR/xxx 
SOT270-1 
o to +70, Plastic Shrink Dual In-Une Package 


P80C652FFP 
P83C654FFP/xxx 
P80C652FFPN 
P83C654FFPN 
SOT129-1 
-40 to +85, Plastic Dual In-line Package 
16 


P80C652FFA 
P83C654FFAlxxx 
P80C652FFAA 
P83C654FFAA 
SOT187-2 
-40 to +85, Plastic Leaded Chip Carrier 
16 


P80C652FFB 
P83C654FFB/xxx 
P80C652FFBB 
P83C654FFBB 
SOT307-25 
-40 to +85, Plastic Quad Flat Pack 
16 


P80C652FHP 
P83C654FHP/xxx 
P80C652FHPN 
P83C654FHPN 
SOT129-1 
-40 to +125, Plastic Dual In-line Package 
16 


P80C652FHA 
P83C654FHAlxxx 
P80C652FHAA 
P83C654FHAA 
SOT187-2 
-40 to +125, Plastic Leaded Chip Carrier 
16 


P80C652FHB 
P83C654FHB/xxx 
P80C652FHBB 
P83C654FHBB 
SOT307-25 
-40 to +125, Plastic Quad Flat Pack 
16 


! 


P80C6521BP 
P83C6541BP/xxx 
P80C6521BPN 
P83C6541BPN 
SOT129-1 
o to +70, Plastic Dual In-line Package 
24 


P80C6521BA 
P83C6541BAlxxx 
P80C6521BAA 
P83C6541BAA 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier 
24 


P80C6521BB 
P83C6541BB/xxx 
P80C6521BBB 
P83C6541BBB 
SOT307-25 
o to +70, Plastic Quad Flat Pack 
24 


P80C6521FP 
P83C6541FP/xxx 
P80C6521FPN 
P83C6541FPN 
SOT129-1 
-40 to +85, Plastic Dual In-line Package 
24 


P80C6521FA 
P83C6541FAlxxx 
P80C6521FAA 
P83C6541FAA 
SOT187-2 
-40 to +85, Plastic Leaded Chip Carrier 
24 


P80C6521FB 
P83C6541FB/xxx 
P80C6521FBB 
P83C6541FBB 
SOT307-25 
-40 to +85, Plastic Quad Flat Pack 
24 
NOTES: 
1. 
For full specification, see the 80C652183C652 data sheet. 


2. 
83C654 frequency range is 1.2MHz - 16MHz or 1.2MHz - 24M Hz. 
3. 
For specification of the EPROM version, see the 87C654 data sheet. 


4. 
xxx denotes the ROM code number. 
5. 
SOT311 replaced by SOT307-2. 


TEMPERATURE 


Drawing 
RANGEoC 
FREQ 


Number 
AND PACKAGE 
MHz2,3 


EPROM3 


S87C654-4N40 
SOT129-1 
o to +70, Plastic Dual In-line Package 
16 


S87C654-4F40 
05908 
o to +70, Ceramic Dual In-line Package 
16 
wlWindow 


S87C654·4A44 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier 
16 


S87C654·4K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
16 
wlWindow 


S87C654-4844 
SOT307-2 
o to +70, PlasticQuad Flat Pack 
16 


S87C654-5N40 
SOT129-1 
-40 to +85, Plastic Dual In-line Package 
16 


S87C654-5F40 
05908 
-40 to +85, Ceramic Dual In-line Package 
16 


wlWindow 


S87C654-5A44 
SOT187-2 
-40 to +85, Plastic Leaded Chip Carrier 
16 


S87C654·5B44 
SOT307-2 
-40 to +85, Plastic Quad Flat Pack 
16 


S87C654-7N40 
SOT129·1 
o to +70, Plastic Dual In-line Package 
20 


S87C654-7F40 
05908 
o to +70, Ceramic Dual In-line Package 
20 


wlWindow 


S87C654-7A44 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier 
20 


S87C654-7K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
20 


wlWindow 


S87C654-8N40 
SOT129-1 
-40 to +85, Plastic Dual In·line Package 
20 


S87C654-8F40 
05908 
-40 to +85, Ceramic Dual In-line Package 
20 


wlWindow 


S87C654-8A44 
SOT187-2 
-40 to +85, Plastic Leaded Chip Carrier 
20 


FREQUENCY 
REFERENCE 
r---'----o 


XTAL2 
XTALI 


I-- 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IL 


PROGRAM 
MEMORY 
(16Kx 
8 ROM) 


DATA 
MEMORY 
(256 x 8 RAM) 


INTO 
INTI 


~ 


EXTERNAL 
INTERRUPTS 


COUNTERS 
r---'----o 


TO 
Tl 


----------1 


I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 


1 
I 
I 
I 
I 


------- 
1 


SD~ 
S~D 


SCJ 
PORTI 


PIN NUMBER 


MNEMONIC 
DIP 
PLCC 
QFP 
TYPE 
NAME AND FUNCTION 


VSS 
20 
22 
6,16, 
I 
Ground: 
OV reference. With the QFP package all Vss pins (Vss1 to VSS4) must be 


28,39 
connected. 


Voo 
40 
44 
38 
I 
Power Supply: 
This is the power supply voltage for normal, idle, and power-down 


operation. 


PO.CHJ.7 
39--32 
43-36 
37-30 
1/0 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have ls written to them 
float and can be used as high-impedance 
inputs. Port 0 is also the multiplexed low-order 


address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1s. 


Pl.o--Pl.7 
1-8 
2-9 
40--44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except Pl.6 and Pl.7 


1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: 
IILl· 


Alternate functions include: 


Pl.6 
7 
8 
2 
1/0 
SCL: 12C-bus serial port clock line. 


Pl.7 
8 
9 
3 
I/O 
SDA: 12C-bus serial port data line. 


P2.o--P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. {See DC Electrical Characteristics: 
IILl. Port 2 emits the high-order address byte 


during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 


P3.o--P3.7 
10--17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s 
13-19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: 
IILl. Port 3 also serves the special features of the 80C51 


family, as listed below: 


10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
mTll (P3.2): External interrupt 


13 
15 
9 
I 
JNTf (P3.3): External interrupt 


14 
16 
10 
I 
TO (P3.4): Timer 0 external input 


15 
17 
11 
I 
T1 (P3.S): Timer 1 external input 


16 
18 
12 
0 
WR (P3.6): External data memory write strobe 


17 
19 
13 
0 
AD (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Voo. 


ALE 
30 
33 
27 
I/O 
Address 
Latch Enable: Output pulse for latching the low byte of the address during an 


access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the 
oscillator frequency. Note that one ALE pulse is skipped during each access to external data 
memory. 


"PSEfJ 
29 
32 
26 
0 
Program 
Store Enable: 
Read strobe to external program memory via Port 0 and Port 2. It is 


activated twice each machine cycle during fetches from the external program memory. When 
executing out of external program memory two activations of"PSEfJ are skipped during each 
access to external data memory. "PSEfJis not activated (remains HIGH) during no fetches 
from external program memory. "PSEfJcan sink/source 8 LSTIL 
inputs and can drive CMOS 
inputs without external pull-ups. 


El\ 
31 
35 
29 
I 
External 
Access: 
If during a RESET, El\ is held at TIL, 
level HIGH, the CPU executes out 


of the internal pro~m 
memory ROM provided the Program Counter is less than 16384. If 


during a RESET, 
is held a TIL LOW level, the CPU executes out of external program 


memory. El\ is not allowed to float. 


XTALl 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 
NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than Voo + 0.5V or Vss - 0.5V, respectively. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer 
(2 bytes) 
DPH 
Data pointer high 
83H 
OOH 
DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE'# 
Interrupt enable 
A8H 
EA 
I 
I 
ES1 
I 
ESO I 
ET1 
I 
EX1 
I 
ETO I 
EXO 
OxOOOOOOB 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


IP'# 
Interrupt priority 
B8H 
- 
I 
I 
PS1 
I 
PSO I 
PT1 
I 
PX1 
I 
PTO I 
PXO 
xxOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO' 
PortO 
80H 
AD7 I AD6 I 
AD5 
I 
AD4 I 
AD3 I 
AD2 I 
AD1 I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


P1'# 
Port 1 
90H 
SDA I SCL I 
I 
I 
I 
I 
I 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


P2' 
Port 2 
AOH 
A15 
I A14 
I 
A13 
I 
A12 
I 
A11 
I 
A10 
I 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


P3' 
Port 3 
BOH 
fmlWR:1 
T1 
I 
TO 
I If'm I Jmlj I 
TXD 
I 
RXD 
FFH 


PCON# 
Power control 
87H 
SMOD I - 
I 
- 
I 
- 
I 
GF1 
I 
GFO I 
PD 
I 
IDL 
OxxxOOOOB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SOCON'# 
Serial 0 port control 
98H 
SMO I SM1 I 
SM2 
I 
REN I 
TB8 
I 
RB8 I 
TI 
I 
RI 
OOH 


SOBUF# 
Serial 0 data buffer 
99H 
xxxxxxxxB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW' 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 I 
RSO I 
OV 
I 
F1 
I 
P 
OOH 


S1DAT# 
Serial 1 data 
DAH 
OOH 


SP 
Stack pointer 
81H 
07H 


S1ADR# 
Serial 1 address 
DBH 
SLAVE ADDRESS 
I 
GC 
OOH 


S1STA# 
Serial 1 status 
D9H 
SC4 I SC3 I 
SC2 
I 
SC1 I 
SCO I 
0 
I 
0 
I 
0 
F8H 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


S1CON'# 
Serial 1 control 
D8H 
CR2 I ENS1 I 
STA 
I 
STO I 
SI 
I 
AA 
I 
CR1 
I 
CRO 
OOOOOOOOB 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON' 
Timer control 
88H 
TF1 I TR1 I 
TFO I 
TRO I 
IE1 
I 
IT1 
I 
IEO 
I 
ITO 
OOH 


TH1 
Timer high 1 
8DH 
OOH 


THO 
Timer high 0 
8CH 
OOH 


TL1 
Timer low 1 
8BH 
OOH 


TLO 
Timer low 0 
8AH 
OOH 


TMOD 
Timer mode 
89H 
GATE I crr I 
M1 
I 
MO 
I GATE I crr 
I 
M1 
I 
MO 
OOH 
, 


ROM CODE PROTECTION 
(83C654) 
The 83C654 has an additional security 
feature. 
ROM code protection may be 
selected by setting a mask-programmable 
security bit (I.e., user dependent). 
This 
feature may be requested during ROM code 
submission. 
When selected, the ROM code 
is protected and cannot be read out at any 
time by any test mode or by any instruction in 
the extemal program memory space. 


The MOVC instructions are the only 
instructions that have access to program 
code in the internal or external program 
memory. The 'EA input is latched during 
RESET and is "don't care" after RESET 
(also if the security bit is not set). This 
implementation prevents reading internal 
program code by switching from external 
program memory to internal program memory 
during a MOVC instruction or any other 
instruction that uses immediate data. 


OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 3-1031. 


To drive the device from an extemal clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the 
external clock signal, because the input to 
the internal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on VDD and RST must 
come up at the same time for a proper 
start-up. 


Idle Mode 
In the idle mode, the CPU puts itsell to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 


enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


Power-Down 
Mode 


In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register PCON. Table 2 
shows the state of the 1/0 ports during low 
current operating modes. 


12C SERIAL 
COMMUNICATION 
- 


SI01 
The 
12C serial port is identical to the 12C 


serial port on the 8XC552. The operation of 
this subsystem is described in detail in the 
8XC552 section of this manual. 


Note that in both the 8XC65214 and the 
8XC552 the 12Cpins are alternate functions 
to port pins P1.6 and P1.7. Because of this, 
P1.6 and P1.7 on these parts do not have a 
pull-up structu re as found on the 80C51 . 
Therefore P1.6 and P1.7 have open drain 
outputs on the 8XC65214. 


PROGRAM 


MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
Extemal 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Intemal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


SlCON (D8H) 


Bits CRO, CR1 and CR2 determine 
the serial clock frequency 
that is generated 
in the master mode of operation. 


BIT FREQUENCY 
(kHZ) AT fose 


CR2 
CR1 
CRO 
6MHz 
12MHz 
16MHz 
24MHz 
fose DIVIDED BY 


0 
0 
0 
23 
47 
62.5 
94 
256 
0 
0 
1 
27 
54 
71 
1071 
224 
0 
1 
0 
31.25 
62.5 
83.3 
1251 
192 
0 
1 
1 
37 
75 
100 
1501 
160 
1 
0 
0 
6.25 
12.5 
17 
25 
960 
1 
0 
1 
50 
100 
1331 
2001 
120 
1 
1 
0 
100 
2001 
2671 
4001 
60 
1 
1 
1 
0.24 < 62.5 
0.49 < 62.5 
0.65 < 55.6 
0.98 < 50.0 
96 x (256 - (reload value Timer 1» 


o to 255 
o to 254 
o to 253 
Oto 251 
reload value range Timer 1 (in mode 2) 
NOTES. 
1. These frequencies exceed the upper limit of 100kHz of the 12C-busspecification and cannot be used in an 12C-busapplication. 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
~to+150 
°c 


Voltage on any other pin to Vss 
--{).5 to + 6.5 
V 


Input, output current on any single pin 
±5 
mA 


Power dissipation 
1 
W 
(based on package heat transfer limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 
2. 
This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


SUPPLY VOLTAGE 
FREQUENCY 


TYPE 
(V) 
(MHz) 
TEMPERATURE 
RANGE 


MIN. 
MAX. 
MIN. 
MAX. 


(DC) 


P83C654FBx 
4.0 
6.0 
1.2 
16 
o to +70 


P83C654FFx 
4.0 
6.0 
1.2 
16 
-4010+85 


P83C654FHx 
4.5 
5.5 
1.2 
16 
-40 to +125 


P83C6541Bx 
4.5 
5.5 
1.2 
24 
010 +70 


P83C6541Fx 
4.5 
5.5 
1.2 
24 
-40 to +85 


DC ELECTRICAL 
CHARACTERISTICS 


Vss; 
OV,Voo; 
5V ± 10% 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
PART TYPE 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VIL 
Input low voltage, 
exceptEA, 
P1.6/SCL, P1.7/SDA 
o to +70oC 
-0.5 
0.2Voo-o·1 
V 


-40 to +85°C 
-0.5 
0.2Voo-o·15 
V 


-40 to +125°C 
-0.5 
0.2Voo-o·25 
V 


VIL1 
Input low voltage to EA 
Oto +70oC 
-0.5 
0.2Voo-o·3 
V 


-40 to +85°C 
-0.5 
0.2Voo-o·35 
V 


-40 to +125°C 
-0.5 
0.2Voo-o.45 
V 


VIL2 
Input low voltage to P1.6/SCL, P1.7/SDA6 
-0.5 
0.3Voo 
V 


VIH 
Input high voltage, except XTAL 1, RST, 
P1.6/SCL, P1.7/SDA 
o to +70oC 
0.2Voo+0.9 
Voo+0.5 
V 


-40 to +85°C 
0.2Voo+1.0 
Voo+0.5 
V 


-40 to +125°C 
0.2Voo+1.0 
Voo+0.5 
V 


VIH1 
Input high voltage, XTAL 1, RST 
o to +70°C 
0.7Voo 
Voo+0.5 
V 


-40 to +85°C 
0.7Voo+0.1 
Voo+0.5 
V 


-40 to +125°C 
0·7Voo+0.1 
Voo+0.5 
V 


VIH2 
Input high voltage, P1.6/SCL, P1.7/SDA6 
O·7Voo 
6.0 
V 


VOL 
Output low voltage, ports 1, 2, 3, 
IOL; 1.6mAB, 9 
0.45 
V 
except P1.6/SCL, P1.7/SDA 


VOL1 
Output low voltage, port 0, ALE, PSEJ\I 
IOL; 3.2mAB, 9 
0.45 
V 


VOL2 
Output low voltage, P1.6/SCL, P1.7/SDA 
IOL;3.0mA 
0.4 
V 


VOH 
Output high voltage, ports 1, 2, 3, ALE, J5S"EW0 
IOH;-60~ 
2.4 
V 


IOH;-25~ 
0.75Voo 
V 


IOH;-10~ 
0.9Voo 
V 


VOH1 
Output high voltage; port 0 in external bus mode 
IOH;-800~ 
2.4 
V 


IOH;-300~ 
0.75Voo 
V 


IOH;-80~ 
0.9Voo 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 
except P1.6/SCL, P1.7/SDA 
Oto+70°C 
VIN ;O.45V 
-50 
~ 


-40 to +85OC 
-75 
~ 


-40 to +125°C 
-75 
IlA 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3, 
except P1.6/SCL, P1.7/SDA 
o to +70oC 
See note 7 
-650 
~ 


-40 to +85°C 
-750 
IlA 


-40 to +125°C 
-750 
IlA 


III 
Input leakage current, port 0, EA 
0.45V < VI < Voo 
+10 
IlA 


1L2 
Input leakage current, P1.6/SCL, P1.7/SDA 
OV< V1< 6.0V 
±10 
~ 
OV< Voo < 6.0V 
~ 
100 
Power supply current: 
See note 1 


Active mode @ 16MHz2, 11 
Voo;6.0V 
28.0 
mA 
Active mode @ 24MHz2, 11 
Vo~5.5V 
35.0 
mA 
Idle mode @ 16MHz3, 11 
6 
mA 
Idle mode @ 24MHz3, 11 
7 
mA 
Power down mode4, 5 
50 
IlA 
Power down mode4, 5 
-40 to +125°C 
100 
~ 


RRST 
Internal reset pUll-down resistor 
50 
150 
kil 
CIO 
Pin capacitance 
Freq.-1MHz 
10 
pF 


NOTES FOR DC ELECTRICAL 
CHARACTERISTICS: 


1. See Figures 9 through 11 for 100test conditions. 
2. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t, = tf = 5ns; 
VIL = Vss + 0.5V; V1H = Voo-o.5V; 
XTAL2 not connected; EA = RST = Port 0 = P1.6 = Pl.7 = Voo. See Figure 9. 


3. 
The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t, = tf = 5ns; VIL = Vss + 0.5V; 
V1H = Voo-o.5V; 
XTAL2 not connected; Port 0 = Pl.6 = Pl.7 = Voo; EA = RST = Vss. See Figure 10. 
4. 
The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = Pl.6 = Pl.7 = Voo; 
EA = RST = Vss. See Figure 11. 
5. 
2V S;Vpo S;Voomax. 
6. 
The input threshold voltage of Pl.6 and Pl.7 (SI01) meets the 12Cspecification, so an input voltage below 0.3Voo will be recognized as a 
logic 0 while an input voltage above 0.7Voo will be recognized as a logic 1. 
7. 
Pins of ports 1 .2, and 3 source a transition current when they are being extemally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 
8. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to extemal bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-10-0transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 


ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 
9. 
Under steady state (non-transient) conditions, IOLmust be extemally limited as follows: Maximum IOL= 10mA per port pin; Maximum 
IOL= 26mA total for Port 0; Maximum IOL= 15mA total for Ports 1, 2, and 3; Maximum IOL= 71mA total for all output pins. If IOLexceeds the 
test conditions, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test conditions. 


10. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEIII to momentarily fall below the 0.9Voo specification when the 


address bits are stabilizing. 


11. 100MAXfor other frequencies can be derived from Figure 1, where FREQ is the extemal oscillator frequency in MHz. 100MAXis given in mA. 


(1) /' 


./ 
/' 


./ ,/' 


/' ,/' 


,/ '" 


(2) - 
- 


(1) MAXIMUMOPERATING 
MODE:vDD= vDDmax 


(2) MAXIMUM 
IDLE MODE: 
VOD = VODmax 


These 
values 
.r. 
valid within 
the specified 


frequency 
range. 


"" /' 


V- I' 


~ 


,,/ 


~/ 
V '" 


;' /' 
- 
(2) 


- 


'DO 
(mA) 


40 


(1) MAXIMUMOPERATING 
MODE:VOO= VODmax 


(2) MAXIMUMIDLEMODE:VOO= vOOmax 
These values are valid within the apec"led 
frequency 
range. 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltcLCL 
2 
Oscillator frequency 
1.2 
16 
MHz 


!LHLL 
2 
ALE pulse width 
85 
2lcLCL--40 
ns 


tAVLL 
2 
Address valid to ALE low 
8 
tCLCL-55 
ns 


!LLAX 
2 
Address hold after ALE low 
28 
tCLCL-35 
ns 


!LLlV 
2 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


!LLPL 
2 
ALE low to J5SE'1low 
23 
tCLCL--40 
ns 


tPLPH 
2 
PSEJ\I pulse width 
143 
3lcLCL--45 
ns 


tPLIV 
2 
PSEJ\llow to valid instruction in 
83 
3lcLCL-l05 
ns 


tPXIX 
2 
Input instruction hold after PSEJ\I 
0 
0 
ns 


tPXIZ 
2 
Input instruction float after PSEJ\I 
38 
lcLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
208 
5lcLCL-105 
ns 


tpLAZ 
2 
PSEJ\llow to address float 
10 
10 
ns 


Data Memory 


tRLRH 
3,4 
I'm pulse width 
275 
6lcLCL-l00 
ns 


tWLWH 
3,4 
WR pulse width 
275 
6lcLCL-100 
ns 


lRLDV 
3,4 
I'm low to valid data in 
148 
5lcLCL-165 
ns 


tRHDX 
3,4 
Data hold after I'm 
0 
0 
ns 


tRHDZ 
3,4 
Data float after I'm 
55 
2lcLCL-70 
ns 


!LLDV 
3,4 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVDV 
3,4 
Address to valid data in 
398 
9lcLCL-165 
ns 


tLLWL 
3,4 
ALE low to I'm or WR low 
138 
238 
3tCLCL-50 
3lcLCL+50 
ns 


tAVWL 
3,4 
Address valid to WR low or I'm low 
120 
4tCLCL-130 
ns 


tavwx 
3,4 
Data valid to WR transition 
3 
tCLCL-60 
ns 


tDW 
3,4 
Data setup time before WR 
288 
7tCLCL-150 
ns 


tWHOX 
3,4 
Data hold after WR 
13 
lcLCL-50 
ns 


tRLAZ 
3,4 
I'm low to address float 
0 
0 
ns 


tWHLH 
3,4 
I'm or WR high to ALE high 
23 
103 
lcLCL--40 
lcLCL+40 
ns 


Shift Register 


tXLXL 
5 
Serial port clock cycle time3 
0.75 
12lcLCL 
~s 


taVXH 
5 
Output data setup to clock rising edge3 
492 
1OlcLCL-133 
ns 


tXHOX 
5 
Output data hold after clock rising edge3 
80 
2lcLCL-117 
ns 


tXHDX 
5 
Input data hold after clock rising edge3 
0 
0 
ns 


tXHDV 
5 
Clock rising edge to input data valid3 
492 
10lcLCL-133 
ns 


External 
Clock 


lcHCX 
6 
High time3 
20 
20 
lcLCL - lcLCX 
ns 


lcLCX 
6 
Lowtime3 
20 
20 
lcLCL - lcHCX 
ns 


lcLCH 
6 
Risetime3 
20 
20 
ns 


lcHCL 
6 
Falltime3 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and J5SE'I = 100pF, load capacitance for all other outputs = 80pF. 


3. 
These values are characterized but not 100% production tested. 


24MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltcLCL 
2 
Oscillator frequency 
1.2 
24 
MHz 


tLHLL 
2 
ALE pulse width 
43 
2tcLCL-40 
ns 


tAVLL 
2 
Address valid to ALE low 
17 
tCLCL-25 
ns 


tLLAX 
2 
Address hold after ALE low 
17 
lcLCL-25 
ns 


tLLlV 
2 
ALE low to valid instruction in 
102 
4lcLCL-65 
ns 


tLLPL 
2 
ALE low to J5SEiIlow 
17 
lcLCL-25 
ns 


tPLPH 
2 
J5SEiI pulse width 
80 
3lcLCL-45 
ns 


tpLiv 
2 
J5SEiIlow to valid instruction in 
65 
3lcLCL-60 
ns 


tPXIX 
2 
Input instruction hold after J5SEiI 
0 
0 
ns 


tpXIZ 
2 
Input instruction float after J5SEiI 
17 
lcLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
128 
5lcLCL-80 
ns 


tpLAZ 
2 
J5SEiIlow to address float 
10 
10 
ns 


Data Memory 


tRLRH 
3,4 
RU pulse width 
150 
6tCLCL-l00 
ns 


tWLWH 
3,4 
WR pulse width 
150 
6lcLCL-100 
ns 


tRLDV 
3,4 
RU low to valid data in 
118 
5lcLCL-90 
ns 


tRHDX 
3,4 
Data hold after RU 
0 
0 
ns 


tRHDZ 
3,4 
Data float after RU 
55 
2lcLCL-28 
ns 


'LLDv 
3,4 
ALE low to valid data in 
180 
8lcLCL-150 
ns 


tAvDV 
3,4 
Address to valid data in 
210 
9lcLCL-l65 
ns 


tLLWL 
3,4 
ALE low to RU or WR low 
75 
175 
3lcLCL-50 
3lcLCL+50 
ns 


tAvwL 
3,4 
Address valid to WR low or RU low 
92 
4lcLCL-75 
ns 


tavwx 
3,4 
Data valid to WR transition 
12 
tCLCL-30 
ns 


tDW 
3,4 
Data setup time before WR 
162 
7lcLCL-130 
ns 


tWHOX 
3,4 
Data hold after WR 
17 
tCLCL-25 
ns 


tRLAZ 
3,4 
RU low to address float 
0 
0 
ns 


tWHLH 
3,4 
RU or WR high to ALE high 
17 
67 
lcLCL-25 
lcLCL+25 
ns 


Shift Register 


tXLXL 
5 
Serial port clock cycle time3 
0.5 
12tcLCL 
lIS 


taVXH 
5 
Output data setup to clock rising edge3 
283 
10lcLCL-133 
ns 


tXHOX 
5 
Output data hold after clock rising edge3 
23 
2tcLCL-60 
ns 


tXHDX 
5 
Input data hold after clock rising edge3 
0 
0 
ns 


tXHDV 
5 
Clock rising edge to input data valid3 
283 
10lcLCL-133 
ns 


External 
Clock 


lcHCX 
6 
High time3 
17 
17 
lcLCL - lcLCX 
ns 


lcLCX 
6 
Lowtime3 
17 
17 
lcLCL 
lcHCX 
ns 


lcLCH 
6 
Risetime3 
5 
5 
ns 


lcHCL 
6 
Falltime3 
5 
5 
ns 


NOTES: 
1. 
Parameters are valid over operating temperature range unless otherwise specified. 


2. 
Load capacitance for port 0, ALE, and J5SEiI = 10DpF, load capacitance for all other outputs = 80pF. 
3. These values are characterized but not 100% production tested. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 


SCL TIMING CHARACTERISTICS 


!HD;STA 
START condition hold time 
~ 14lcLCL 
> 4.01'Sl 


!Low 
SCLLOWtime 
~ 16lcLCL 
> 4.71'Sl 


!HIGH 
SCL HIGH time 
~ 14 lcLCL 
>4.0I'S1 


tAC 
SCL rise time 
:5:1l'S 
_2 


tFC 
SCLfalitime 
:5:0.3I's 
< 0.31'S3 


SDA TIMING CHARACTERISTICS 


tSU;DAT1 
Data set-up time 
~ 250ns 
> 20 lcLCL - tRD 


lsU;DAT2 
SDA set-up time (before rep. START cond.) 
, 
~250ns 
> 11'Sl 


tSU;DAT3 
SDA set-up time (before STOP cond.) 
~250ns 
> 8 lcLCL 


!HD;DAT 
Data hold time 
~Ons 
> 8 lcLCL - tFC 


lsU;STA 
Repeated START set-up time 
- 
~ 14lcLCL 
>4.7l'S1 


tSU;STO 
STOP condition set-up time 
~ 14 lcLCL 
> 4.0l'S1 


taUF 
Bus free time 
~ 14 lcLCL 
> 4.71'S1 


tAD 
SDA rise time 
:5:11's 
_2 


tFD 
SDA fall time 
:5:0.3I's 
< 0.31'S3 


NOTES: 
1. At 100 kbitls. At other bit rates this value is inversely proportional to the bit-rate of 100 kbitls. 
2. 
Determined by the extemal bus-line capacitance and the extemal bus-line pUll-resistor, this must be < 11's. 
3. 
Spikes on the SDA and SCL lines with a duration of less than 3 tCLCLwill be filtered out. Maximum capacitance on bus-lines SDA and 
SCL= 400pF. 
4. 
lcLCL = 1/fosc = one oscillator clock period at pin XTAL 1. For 63ns (42ns) < lcLCL < 285ns (16MHz (24MHz) > fosc > 3.5MHz) the SI01 
interface meets the 12C·busspecification for bit-rates up to 100 kbitls. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - 
Output data 


first character is always 't' (; time). The other 
R - 
RlJ signal 


characters, depending on their positions, 
t 
- 
Time 


indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W - 
WR signal 


A - 
Address 
X - 
No longer a valid logic level 


C-~~ 
Z-R~ 


D - 
Input data 
Examples: 
tAVLL; Time for address valid 


H - 
Logic level high 
to ALE low. 
I 
- 
Instruction (program memory contents) 
tLLPL; Time for ALE low 


L - 
Logic level low, or ALE 
to J5SEN low. 
P - 
J5SEN 


r-tXLXL -1 


OUTPUT 
DATA,, 


WRITE 
TO SBUF 


toVXH I~ r tXHQX 
[ 
\_~X,-----,X'--.---JX'------JX,-----,X_~X,---~ 


INPUT 
DATA 
'-----t' 


CLEAR 
RI 


X 
7 
t 


SETTI 


t 
SETRI 


VD0-4.5=X 
>C 
O.2VDD+G·9 


O.45V 
._O_.2_V-'D,,0-4'-·_1 
_ 


TIMING 
REFERENCE 
POINTS 


NOTE, 


AC INPUTS 
DURING 
TESTING 
ARE 
DRIVEN 
AT VD0-4.5 
FOR A LOGIC 
.,. AND 


OA5V 
FOR A LOGIC 
'0', TIMING 
MEASUREMENTS 
ARE 
MADE 
AT V,H 
MIN FOR A 


LOGIC 
'" 
AND V,L MAX FOR A LOGIC '0', 


Figure 7. 
AC Testing Input/Output 


NOTE, 


FOR TIMING 
PURPOSES, 
A PORT 
IS NO LONGER 
FLOATING 
WHEN 
A l00MV 


CHANGE 
FROM 
LOAD VOLTAGE 
OCCURS, 
AND BEGINS 
TO FLOAT 
WHEN 
A 


'OOmvCHANGE 
FROM 
THE 
LOADED 
VOWVOL 
LEVEL 
OCCURS, 
loHlloU~ ± 
2OrnA. 


Figure 9. 
100 Test Condition, 
Active Mode 
All other pins are disconnected 
Figure 10. 
100 Test Condition, 
Idle Mode 


All other pins are disconnected 


Figure 11. 
100Test Condition, 
Power Down Mode 
All other pins are disconnected. 
Voo = 2V to 5.5V 


NOTE: 
• 
Ports 1.6 and 1.7 should be connected to Vcc through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the lOll specification. 


Purchase 
of Philips 12C components 
conveys 
a license under the Philips' 
12C patent 
to use the components 
in the 
12C system 
provided 
the system 
conforms 
to the 
12Cspecifications 
defined 
by Philips. 
This 
specification 
can be ordered 
using the 
code 9398 393 40011. 


DESCRIPTION 
The 87C654 Single-Chip 8-Bit Microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 87C654 has the 
same instruction set as the 80C51. Two 
versions of the derivative exist: 


83C654-16k 
bytes mask programmable 
ROM 


87C654-EPROM 
version 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 87C654 contains a non-volatile 
16k x 8 EPROM, a volatile 256 x 8 readlwrite 
data memory, four 8-bill/0 
ports, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), a multi-source, two-priority-Ievel, 
nested interrupt structure, an 12Cinterface, 
UART and on-chip oscillator and timing 
circuits. For systems that require extra 
capability, the 87C654 can be expanded 
using standard TTL compatible memories 
and logic. 


The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte and 17 
three-byte. With a 16MHz crystal, 58% of the 
instructions are executed in 0.751J.sand 40% 
in 1.51J.S.Multiply and divide instructions 
require 31J.s. 


• 80C51 central processing unit 


• 16k x 8 EPROM expandable externally to 
64k bytes 


• 256 x 8 RAM, expandable extemally to 
64k bytes 


• Two standard 16-bit timer/counters 


• Four 8-bit I/O ports 


• 12C-bus serial I/O port with byte oriented 
master and slave functions 


• Full-duplex UART facilities 


• Power control modes 


- 
Idle mode 


- 
Power-down mode 


• Five package styles 


• Extended temperature range 


• OTP package available 


• Two speed ranges 


- 
16MHz 


- 
20MHz 


1I'lT1lIP3.2 1 


Iml1P3.3 
1 


TOIP3.4 1 


WRiP3.6 
1 


ROIP3.7 
1 


XTAL2 
1 


CERAMIC 
AND PLASTIC 
LEADED 
PLASTIC 
QUAD FLAT PACK 
CHIP CARRIER 
PIN FUNCTIONS 
PIN FUNCTIONS 


40 
44 
34 


39 
33 


17 
29 
11 
23 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC· 
23 
NC8 
1 
Pl.5 
23 
P2.5/A13 


2 
Pl.D 
24 
P2.OIAB 
2 
Pl.61SCL 
24 
P2.61A14 


3 
Pl.l 
25 
P2,1/A9 
3 
Pl.7/SDA 
25 
P2.7/A15 


4 
P1.2 
26 
P2.2/Al0 
4 
RST 
26 
I'SEN 


5 
Pl.3 
27 
P2.31A11 
5 
P3.OIRxD 
27 
ALEII'ROG 


6 
Pl.4 
28 
P2.41A12 
6 
NC· 
28 
NC· 


7 
Pl.5 
29 
P2.5/A13 
7 
P3.1rrxO 
29 
~pp 


8 
P1.61SCL 
30 
P2.61A14 
8 
P3.2JIIrnj 
30 
PO.7/AD7 


9 
Pl.7/SDA 
31 
P2.7/A15 
9 
P3.3/IIilTl 
31 
PO.61AD6 


10 
RST 
32 
I'SEN 
10 
P3.4/T0 
32 
PO.5JAD5 
11 
P3.OIRxD 
33 
ALEII'ROG 
11 
P3.5JT1 
33 
PO.4IAD4 


12 
NC8 
34 
NC8 
12 
P3.6IWR 
34 
PO.31AD3 


13 
P3.1/TxD 
35 
~pp 
13 
P3.7/RO 
35 
PO.21AD2 
14 
P3.2JIIrnj 
36 
PO.7/AD7 
14 
XTAL2 
36 
PO.lIAD1 


15 
P3.3/IIilTl 
37 
PO.61AD6 
15 
XTAL1 
37 
PO.OIADO 
16 
P3.4IT0 
38 
PO.5/ADS 
16 
VSS 
38 
Vcc 


17 
P3.51T1 
39 
PO.4/AD4 
17 
NC· 
39 
NC· 


18 
P3.6IWR 
40 
PO.31AD3 
18 
P2.OIAB 
40 
Pl.D 
19 
P3.7/RO 
41 
PO.2/AD2 
19 
P2.1/A9 
41 
Pl.1 


20 
XTAL2 
42 
PO.l/AD1 
20 
P2.21Al0 
42 
P1.2 


21 
XTALl 
43 
PO.OIADO 
21 
P2.3fAll 
43 
P.13 


22 
Vss 
44 
VCC 
22 
P2.4/A12 
44 
Pl.4 


• DO NOT 
CONNECT 
SUOO260 
• DO NOT 
CONNECT 
SU00261 


LOGIC SYMBOL 


Vcc 
Vss 
I 
11 


0 
•......• 
•......• 
Zoo 
•......• 
•......• 
<::I 
•......• ~•......• ~~ 
•......• 
a:•........• 
a:!< 
•........•~•......• go 


-- 
-- 
« 
-- -- 


l{n{it ~FL= 
~ 
SDA 
{ ~--~~ 
-- 
-'" 
TxD+- 
•........• 
(\I-+- 
~ 
rnTl! 
- 
•......•~-+ 
~ 
;. 
INTI --.. 
TO 
_ 
•......•~-+ 
~ 
n_ 


__ 
_ 
0 


WR_ 
•......• 
--II- 
~ 


IlD 
- 
- 


SUOO262 


1996 AU9 16 
3-1049 


PHILIPS PART 


~c 


ORDER NUMBER 
PHILIPS NORTH AMERICA 
TEMPERATURE 
Ii 


PART MARKING 
PART ORDER NUMBER 
RANGEoC 


ROMless 
ROM 
ROMless 
ROM 
Drawing 
AND PACKAGE 
FREQ 
Number 
MHz 


PBOC652FBP 
PB3C654FBP/xxx 
SBOC652FBPN 
SB3C654FBPN 
SOT129·1 
o to +70, Plastic Dual In-line Package 
16 
o to +70, Ceramic Dual In-line Package 
16 
wNiindow 


PBOC652FBA 
PB3C654FBAlxxx 
SBOC652FBAA 
SB3C654FBAA 
SOT1B7-2 
o to +70, Plastic Leaded Chip Carrier 
16 


PBOC652FBB 
PB3C654FBBlxxx 
SBOC652FBBB 
SB3C654FBBB 
SOT307-z! 
o to +70, Plastic Quad Rat Pack 
16 


PBOC652FFP 
PB3C654FFP/xxx 
SBOC652FFPN 
SB3C654FFPN 
SOT129-1 
-40 to +B5, Plastic Dual In-line Package 
16 


PBOC652FFA 
PB3C654FFAlxxx 
SBOC652FFAA 
SB3C654FFAA 
SOT187-2 
-40 to +85, Plastic Leaded Chip Carrier 
16 


P80C652FFB 
P83C654FFBlxxx 
S80C652FFBB 
S83C654FFBB 
SOT307·z! 
-40 to +85, Plastic Quad Rat Pack 
16 


P80C652FHP 
P83C654FHP/xxx 
S80C652FHPN 
S83C654FHPN 
SOT129-1 
-40 to +125, Plastic Dual In-line Package 
16 


PBOC652FHA 
P83C654FHAlxxx 
S80C652FHAA 
S83C654FHAA 
SOT1B7·2 
-40 to +125, Plastic Leaded Chip Carrier 
16 


P80C652FHB 
P83C654FHB/xxx 
S80C652FHBB 
S83C654FHBB 
SOT307-z! 
-40 to +125, Plastic Quad Flat Pack 
16 


P80C6521BP 
P83C6541BP/xxx 
S80C6521BPN 
S83C6541BPN 
SOT129·1 
o to +70, Plastic Dual In-line Package 
24 


P80C6521BA 
P83C6541BAlxxx 
S80C6521BAA 
SB3C6541BAA 
SOT187-2 
o to +70, Plastic Leaded Chip Carrier 
24 


PBOC6521BB 
P83C6541BB/xxx 
S80C6521BBB 
S83C6541BBB 
SOT307-24 
o to +70, Plastic Quad Flat Pack 
24 


PBOC6521FP 
P83C6541FP/xxx 
S80C6521FPN 
S83C6541FPN 
SOT129-1 
-40 to +85, Plastic Dual In-line Package 
24 


P80C6521FA 
P83C6541FAlxxx 
S80C6521FAA 
SB3C6541FAA 
SOT187·2 
-40 to +85, Plastic Leaded Chip Carrier 
24 


P80C6521FB 
P83C6541FB/xxx 
SBOC6521FBB 
S83C6541FBB 
SOT307-24 
-40 to +85, Plastic Quad Flat Pack 
24 


NOTES: 
1. 
For full specification, see the B7C652 data sheet. 


2. 
B7C654 frequency range is 3.5MHz - 16MHz or 3.5MHz - 24MHz. 
3. 
xxx denotes the ROM code number. 


4. 
SOT311 replaced by SOT307-2. 


TEMPERATURE 
RANGEoC 


EPROM 
Drawing 
AND PACKAGE 
FREQ 


Number 
MHz 


SB7C654-4N40 
S01129-1 
o to +70, Plastic Dual In-line Package 
16 


SB7C654-4F40 
05906 
o to +70, Ceramic Dual In-line Package 
16 


wlWindow 


SB7C654-4A44 
SOT1B7-2 
o to +70, Plastic Leaded Chip Carrier 
16 


SB7C654-4K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
16 
wlWindow 


SB7C654-4B44 
SOT307-2 
o to +70, Plastic Quad Flat Pack 
16 


SB7C654-5N40 
SOT129-1 
-40 to +B5, Plastic Dual In-line Package 
16 


SB7C654-5F40 
05906 
-40 to +B5, Ceramic Dual In-line Package 
16 


wlWindow 


SB7C654-5A44 
SOT1B7-2 
-40 to +B5, Plastic Leaded Chip Carrier 
16 


SB7C654-5644 
SOT307-2 
-40 to +B5, Plastic Quad Flat Pack 
16 


SB7C654-7N40 
S01129-1 
o to +70, Plastic Dual In-line Package 
20 


SB7C654-7F40 
05906 
o to +70, Ceramic Dual In-line Package 
20 
wlWindow 


SB7C654-7A44 
S011B7-2 
o to +70, Plastic Leaded Chip Carrier 
20 


SB7C654-7K44 
1472A 
o to +70, Ceramic Leaded Chip Carrier 
20 


wlWindow 


SB7C654-8N40 
SOT129-1 
-40 to +B5, Plastic Dual In-line Package 
20 


SB7C654-BF40 
05906 
-40 to +B5, Ceramic Dual In-line Package 
20 
wlWindow 


SB7C654-8A44 
S011B7-2 
-40 to +B5, Plastic Leaded Chip Carrier 
20 


FREQUENCY 
REFERENCE 
,---'----, 


XTAL2 
XTAL1 
I-- 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IL 


PROGRAM 
MEMORY 


(16K x8 
EPROM) 


DATA 


MEMORY 
(256x8 
RAM) 


ll'lTO 
fIilTf 
L-.,----J 


EXTERNAL 
INTERRUPTS 


COUNTERS 
,---'----, 


TO 
T1 


----------1 


I 
I 
I 
I 
I 
I 
I 
I 


SDJ 


SHARED 
WITH 
scL 
PORT' 


PIN NUMBER 


MNEMONIC 
DIP 
lCC 
QFP 
TYPE 
NAME AND FUNCTION 
~ 


VSS 
20 
22 
16 
I 
Ground: 
OV reference. 


Vcc 
40 
44 
38 
I 
Power Supply: 
This is the power supply voltage for normal, idle, and power-down 


operation. 


PO.O-O.7 
39--32 
43--36 
37-30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to them 
float and can be used as high-impedance 
inputs. Port 0 is also the multiplexed low-order 


address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1s. Port 0 also outputs the code 
bytes during program verification in the 87C654. External pull-ups are required during 
program verification. 


P1.o-P1.7 
1-8 
2-9 
40-44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with intemal pull-ups, except P1.6 and P1.7 


1-3 
which are open drain. Port 1 pins that have 1s written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the intemal pull-ups. (See DC Electrical Characteristics: 
IILl· 


.Port 1 also receives the low-order address byte during program memory verification. 
Alternate functions include: 
P1.6 
7 
8 
2 
I/O 
SCl: 
12C-bus serial port clock line. 
P1.7 
8 
9 
3 
I/O 
SDA: 12C-bus serial port data line. 


P2.o-P2.7 
21-28 
24-31 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with intemal pull-ups. Port 2 pins that have 1s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: 
IILl. Port 2 emits the high-order address byte 


during fetches from external program memory and during accesses to extemal data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1S. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 


P3.o-P3.7 
10-17 
11, 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s 


13--19 
7-13 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are extemally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: 
IILl. Port 3 also serves the special features of the 80C51 


family, as listed below: 


10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
IRTO(P3.2): External interrupt 


13 
15 
9 
I 
mTf (P3.3): Extemal interrupt 


14 
16 
10 
I 
TO (P3.4): Timer 0 extemal input 


15 
17 
11 
I 
T1 (P3.S): Timer 1 external input 


16 
18 
12 
0 
WR (P3.6): External data memory write strobe 


17 
19 
13 
0 
An (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to VSSpermits a power-on reset using only an external 
capacitor to Vcc. 


ALEIPROG 
30 
33 
27 
I/O 
Address 
latch 
EnableJProgram 
Pulse: Output pulse for latching the low byte of the 


address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (PROG) during EPROM programming. 
J5Sm 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to extema~SEwam 
memory. When the 87C654 is 


executing code from the external program memory, 
is activated twice each machine 
cycle, exp£~mat 
two J5Sm activations are skipped during each access to external data 


memory. 
is not activated during fetches from intemal program memory. 


FANpp 
31 
35 
29 
I 
External 
Access 
EnableJProgramming 
Supply Voltage: E]I; must be externally held low to 


enable the device to fetch code from external program memory locations OOOOHand 3FFFH. 
If E]I; is held high, the device executes from internal program memory unless the program 
counter contains an address greater than 3FFFH. This pin also receives the 12.75V 
programming supply voltage (Vpp) during EPROM programming. 


XTAL1 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator 


circuits. 


XTAL2 
18 
20 
14 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 
NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than Vcc + 0.5V or Vss - 0.5V, respectively. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC· 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
El 
EO 
OOH 


B· 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
Fl 
FO 
OOH 


DPTR: 
Data pointer 
(2 bytes) 
DPH 
Data pointer high 
83H 
OOH 
DPl 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE·# 
Interrupt enable 
A8H 
EA 
I 
I 
ESl 
I 
ESO I 
En 
I 
EXl 
I 
ETO I 
EXO 
OxOOOOOOB 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


Ip·# 
Interrupt priority 
B8H 
- 
I 
I 
PSl 
I 
PSO I 
PTl 
I 
PXl 
I 
PTO I 
PXO 
xxOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO· 
PortO 
80H 
AD7 I AD6 I 
ADS I 
AD4 
I 
AD3 
I 
AD2 
I 
ADl 
I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


Pl·# 
Port 1 
90H 
SDA I SCl 
I 
I 
I 
I 
I 
I 
FFH 


A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 


P2· 
Port 2 
AOH 
A15 
I 
A14 I 
A13 
I 
A12 
I 
All 
I 
Al0 
I 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
Bl 
BO 


P3· 
Port 3 
BOH 
"ROIWRI 
Tl 
I 
TO 
I II'lTT I Tm'O I 
TXD 
I 
RXD 
FFH 


PCON# 
Power control 
87H 
SMOD I 
- 
I 
- 
I 
- 
I 
GFl 
I 
GFO 
I 
PO 
I 
IDl 
OxxxOOOOB 


9F 
9E 
90 
9C 
9B 
9A 
99 
98 


SOCON"# 
Serial 0 port control 
98H 
SMO I SMl 
I 
SM2 I 
REN I 
TB8 
I 
RB8 
I 
TI 
I 
RI 
OOH 


SOBUF# 
Serial 0 data buffer 
99H 
xxxxxxxxB 


07 
06 
05 
04 
03 
02 
01 
DO 


PSW· 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RSl 
I 
RSO I 
OV 
I 
Fl 
I 
P 
OOH 


S1DAT# 
Serial 1 data 
DAH 
OOH 


SP 
Stack pointer 
81H 
07H 


SlADR# 
Serial 1 address 
DBH 
SLAVE ADDRESS 
I 
GC 
OOH 


SlSTA# 
Serial 1 status 
D9H 
SC4 I SC3 I 
SC2 
I 
SCl 
I 
SCO I 
0 
I 
0 
I 
0 
F8H 


OF 
DE 
DO 
DC 
DB 
DA 
09 
08 


SlCON"# 
Serial 1 control 
D8H 
CR2 I ENSl I 
STA I 
STO 
I 
SI 
I 
AA 
I 
CRl 
I 
CRO 
OOOOOOOOB 


8F 
8E 
80 
8C 
8B 
8A 
89 
88 


TCON" 
limer 
control 
88H 
TFl 
I TRl 
I 
TFO 
I 
TRO I 
IEl 
I 
ITl 
I 
IEO 
I 
ITO 
OOH 


THl 
limer 
high 1 
8DH 
OOH 


THO 
limer 
high 0 
8CH 
OOH 


TL1 
limerlow 
1 
8BH 
OOH 


TlO 
limer 
low 0 
8AH 
OOH 


TMOD 
limermode 
89H 
GATE I crr 
I 
Ml 
I 
MO 
I GATE I crr 
I 
Ml 
I 
MO 
OOH 
. 


OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol. 


To drive the device from an extemal clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the 
external clock signal, because the input to 
the internal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


Reset 
A reset is accomplished 
by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 


milliseconds) plus two machine cycles. At 
power-on, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


Power-Down Mode 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 


power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register PCON. Table 2 
shows the state of the 110 ports during low 
current operating modes. 


12CSERIAL 
COMMUNICATION-SIOl 
The 12Cserial port is identical to the 12C 
serial port on the 8XC552. The operation of 
this subsystem is described in detail in the 
8XC552 section of this manual. 


Note that in both the 8XC65214 and the 
8XC552 the 12Cpins are altemate functions 
to port pins Pl.6 and Pl.7. 
Because of this, 


Pl.6 and Pl. 7 on these parts do not have a 
pull-up structure as found on the 80C51. 
Therefore Pl.6 and Pl.7 have open drain 
outputs on the 8XC65214. 


PROGRAM 
MODE 
MEMORY 
ALE 
PSER 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
lntemal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


Serial Control Register (Sl CON) - See Table 3 


S1CON (D8H) 


BIT FREQUENCY 
(kHz) 
AT fosc 


CR2 
CR1 
CRO 
6MHz 
12MHz 
16MHz 
20MHz 
fosc 
DIVIDED BY 


0 
0 
0 
23 
47 
62.5 
78 
256 
0 
0 
1 
27 
54 
71 
891 
224 


0 
1 
0 
31.25 
62.5 
83.3 
1041 
192 
0 
1 
1 
37 
75 
100 
125' 
160 
1 
0 
0 
6.25 
12.5 
17 
21 
960 
1 
0 
1 
50 
100 
133' 
1661 
120 
1 
1 
0 
100 
2001 
2671 
3341 
60 


1 
1 
1 
0.25 < 62.5 
0.5 < 62.5 
0.65 < 55.6 
0.81 < 69.4 
96 x (256 - (reload value TImer 1)) 
o to 255 
o to 254 
o to 253 
o to 253 
(Reload value range: 0 - 254 in mode 2) 


NOTES: 
1. These frequencies exceed the upper limit of 100kHz of the 12C-busspecification and cannot be used in an 12C-busapplication. 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°C 


Voltage on tANpp 
to Vss 
-0.5 to + 13 
V 


Voltage on any other pin to Vss 
-0.5 to + 6.5 
V 


Input, output current on any single pin 
±5 
mA 


Power 
dissipation 
(based 
on 
package 
heat 
transfer 
1 
W 


limitations, not device power consumption) 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent 


damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices 


from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 
3. 
Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to Vss unless otherwise noted. 


SUPPLY VOLTAGE 
FREQUENCY 
TEMPERATURE 


(V) 
(MHz) 
RANGE 


TYPE 
MIN. 
MAX. 
MIN. 
MAX. 
(OC) 


S87C654-4 
4.5 
5.5 
3.5 
16 
o to +70 


S87C654-5 
4.5 
5.5 
3.5 
16 
-40 to +85 


S87C654-7 
4.5 
5.5 
3.5 
20 
o to +70 


S87C654-8 
4.5 
5.5 
3.5 
20 
-40 to +85 


DC ELECTRICAL 
CHARACTERISTICS 


vss= OV 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
PART TYPE 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VIL 
Input low voltage, 
o to +70°C 
-0.5 
0.2VeC-O·1 
V 


except -e-A, P1.61SCL, P1.7/SDA 
-40to+85°C 
-0.5 
0.2VeC-O·15 
V 


VIL1 
Input low voltage to Ell: 
o to +70°C 
-0.5 
0.2VeC-O·3 
V 


-40 to +85°C 
-0.5 
0.2VeC-O·35 
V 


VIL2 
Input low voltage to P1.61SCL, P1.7/SDA 1 
-0.5 
0.3Vee 
V 


VIH 
Input high voltage, 
o to +70°C 
0.2Vee+0.9 
Vee+0.5 
V 


except XTAL 1, RST, P1.6/SCL, P1.7/SDA 
-40 to +85°C 
0.2Vee+1.O 
Vee+0.5 
V 


VIHl 
Input high voltage, XTAL 1, RST 
o to +70°C 
O·7Vee 
Vee+0.5 
V 


-40to+85°C 
0·7Vee+0.1 
Vee+0.5 
V 


VIH2 
Input high voltage, P1.61SCL, P1.7/SDA 1 
0.7Vcc 
6.0 
V 


VOL 
Output low voltage, ports 1, 2, 3, 
IOL= 1.6mA2, 3 
0.45 
V 
except P1.61SCL, P1.7/SDA 


VOL1 
Output low voltage, port 0, ALE, J5SElII 
IOL= 3.2mA2, 3 
0.45 
V 


VOL2 
Output 10Yi voltage, P1.61SCL, P1.7/SDA 
IOL= 3.0mA 
0.4 
V 


VOH 
Output high voltage, ports 1, 2, 3 
o to +70°C 
IOH= -6011A 
2.4 
V 


-40 to +85°C 
IOH=-251JA 
0.75Vee 
V 


VOH1 
Output high voltage; port 0 in extemal bus mode, 
o to +70°C 
'OH=-4001JA 
2.4 
V 
ALE, J5SElII, RST4 
-40 to +85°C 
IOH= -15011A 
0.75Vcc 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 4, 
o to +70°C 
VIN = 0.45V 
-50 
IIA 


except P1.61SCL, P1.7/SDA 
-40 to +85°C 
-75 
IIA 


ITL 
Logical 1-to-0 transition current, ports 1, 2, 3, 
o to +70°C 
See note 5 
-650 
IIA 


except P1.61SCL, P1.7/SDA 
-40 to +85°C 
-750 
IJA 


1L1 
Input leakage current, port 0 
0.45V < VI < Vee 
±10 
IJA 


1L2 
Input leakage current, P1.6/SCL, P1.7/SDA 
OV < VI< 6.0V 
±10 
IIA 


OV < Vee < 6.0V 
IIA 


Ice 
Power supply current: 
See note 6 


Vee=6.0V 
Active mode @ 16MHz7 
25 
mA 


Idle mode @ 16MHz8 
6 
mA 
Power down mode9. 10 
o to +70°C 
50 
IIA 


Power down mode9. 10 
-40 to +85°C 
135 
IJA 


RRST 
Intemal reset pUll-down resistor 
50 
150 
kO 


CIO 
Pin capacitance 
Freq.=1MHz 
10 
pF 


NOTES FOR DC ELECTRICAL 
CHARACTERISTICS: 
1. The input threshold voltage of P1.6 and P1.7 (S101) meets the 12Cspecification, so an input voltage below 0.3Vee will be recognized as a 


logic 0 while an input voltage above O.7Vee will be recognized as a logic 1. 
2. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLSof ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions dUring bus operations. In the 
worst cases (capacitive loading> 
100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify 


ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOLcan exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 
3. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: Maximum IOL= 1OmA per port pin; Maximum 
IOL= 26mA total for Port 0; Maximum 'OL = 15mA total for Ports 1, 2, and 3; Maximum 'OL = 71mA total for all output pins. If IOLexceeds the 
test conditions, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test conditions. 
4. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and I"SEIiI to momentarily fall below the 0.9Vee specification when the 
address bits are stabilizing. 
5. 
Pins of ports 1 ,2, and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when V1N is approximately 2V. 


6. 
See Figures 9 through 11 for Ice test conditions. 


7. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t, = tf = 10ns; 
VIL = Vss + 0.5V; V1H= Vee -o.5V; XTAL2 not connected; E;5; = RST = Port 0 = P1.6 = P1.7 = Vee; feLK = 16MHz. See Figure 9. 


8. 
The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t, = tf = 10ns; VIL = Vss + 0.5V; 
VIH = Vee-o·5V; 
XTAL2 not connected; Port 0 = P1.6 = P1.7 = Vee; E;5; = RST = Vss; feLK = 16MHz. See Figure 10. 
9. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = P1.6 = P1.7 = Vee; 


E;5;= RST = Vss. See Figure 11. 
10.2V" 
VPD" Veemax. 


16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltcLCL 
2 
Oscillator frequency 
Speed Versions 
3.5 
16 
MHz 
87C654 
-4,-5 


lLHLL 
2 
ALE pulse width 
85 
2lcLCL-40 
ns 


tAVLL 
2 
Address valid to ALE low 
8 
lcLCL-55 
ns 


tLLAX 
2 
Address hold after ALE low 
28 
tCLCL-35 
ns 


tLLlV 
2 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


lLLPL 
2 
ALE low to P'SE1iIlow 
23 
tCLCL-40 
ns 


tPLPH 
2 
P'SE1iIpulse width 
143 
3lcLCL-45 
ns 


tPLIV 
2 
P'SE1iIlow to valid instruction in 
83 
3lcLCL-105 
ns 


!PXIX 
2 
Input instruction hold after P'SE1iI 
O· 
0 
ns 


tPXIZ 
2 
Input instruction float after P'SE1iI 
38 
lcLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
208 
5lcLCL-105 
ns 


tpLAZ 
2 
P'SE1iIlow to address float 
10 
10 
ns 


Data Memory 


tAVLL 
3,4 
Address valid to ALE low 
28 
tCLCL-35 
ns 


tRLRH 
3,4 
RU pulse width 
275 
6tCLCL-100 
ns 


tWLWH 
3,4 
WR" pulse width 
275 
6tCLCL-100 
ns 


tRLDV 
3,4 
RU low to valid data in 
148 
5lcLCL-165 
ns 


tRHDX 
3,4 
Data hold after RU 
0 
0 
ns 


tRHDZ 
3,4 
Data float after RU 
55 
2teLCL-70 
ns 


lLLDV 
3,4 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAvDV 
3,4 
Address to valid data in 
398 
9teLCL-165 
ns 


tLLWL 
3,4 
ALE low to RU or WR" low 
138 
238 
3lcLCL-50 
3lcLCL+50 
ns 


tAvwL 
3,4 
Address valid to WR" low or RU low 
120 
4lcLCL-130 
ns 


tovwx 
3,4 
Data valid to WR" transition 
3 
tCLCL-60 
ns 


tDW 
3,4 
Data setup time before WR" 
288 
7tCLCL-150 
ns 


tWHQX 
3,4 
Data hold after WR" 
13 
tCLCL-50 
ns 


tRLAZ 
3,4 
RU low to address float 
0 
0 
ns 


tWHLH 
3,4 
RU or WR" high to ALE high 
23 
103 
tCLCL-40 
lcLCL+40 
ns 
Shift Register 


tXLXL 
5 
Serial port clock cycle time3 
0.75 
12lcLCL 
~ 
toVXH 
5 
Output data setup to clock rising edge3 
492 
1OlcLCL-133 
ns 
tXHQX 
5 
Output data hold after clock rising edge3 
80 
2lcLCL-117 
ns 
tXHDX 
5 
Input data hold after clock rising edge3 
0 
0 
ns 
tXHDV 
5 
Clock rising edge to input data valid3 
492 
1OlcLCL-133 
ns 
External Clock 


lcHCX 
6 
High time3 
20 
20 
tCLCL tLOW 
ns 
lcLCX 
6 
Lowtime3 
20 
20 
lcLCL 
tHIGH 
ns 
lcLCH 
6 
Risetime3 
20 
20 
ns 
lcHCL 
6 
Falltime3 
20 
20 
ns 
NOTES: 
1. 
Parameters are valid over operating temperature range unless otherwise specified. 


2. 
Load capacitance for port 0, ALE, and P'SE1iI= 100pF, load capacitance for all other outputs = 80pF. 
3. 
These values are characterized but not 100% production tested. 


20MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltcLCL 
2 
Oscillator frequency: 
Speed Versions 
3.5 
20 
MHz 
87C654 
-7,-8 


luiLL 
2 
ALE pulse width 
60 
2tcLCL-4O 
ns 


tAVLL 
2 
Address valid to ALE low 
25 
lcLCL-25 
ns 


lLLAX 
2 
Address hold after ALE low 
25 
tCLCL-25 
ns 


tLLlV 
2 
ALE low to valid instruction in 
135 
4lcLCL~5 
ns 


tiPL 
2 
ALE low to I'SEN low 
25 
lcLCL-25 
ns 


tPLPH 
2 
I'SEN pulse width 
105 
3lcLCL-45 
ns 


tPLIV 
2 
I'SEN low to valid instruction in 
90 
3lcLCL~0 
ns 


tpXIX 
2 
Input instruction hold after I'SEN 
0 
0 
ns 


tpXIZ 
2 
Input instruction float after I'SEN 
25 
lcLCL-25 
ns 


tAVIV 
2 
Address to valid instruction in 
170 
5lcLCL-80 
ns 


tpLAZ 
2 
I'SEN low to address float 
10 
10 
ns 


Data Memory 


tAVLL 
3,4 
Address valid to ALE low 
25 
tCLCL-25 
ns 


tRLRH 
3,4 
RU pulse width 
200 
6lcLCL-100 
ns 


tWLwH 
3,4 
WR pulse width 
200 
6lcLCL-100 
ns 


tRLDV 
3,4 
RU low to valid data in 
160 
5lcLCL-90 
ns 


tRHDX 
3,4 
Data hold after RU 
0 
0 
ns 


tRHDZ 
3,4 
Data float after RU 
72 
2lcLCL-28 
ns 


tiDv 
3,4 
ALE low to valid data in 
250 
8lcLCL-150 
ns 


tAVDV 
3,4 
Address to valid data in 
285 
9lcLCL-165 
ns 


lLLWL 
3,4 
ALE low to RU or WR low 
100 
200 
3lcLCL-50 
3lcLCL+50 
ns 


tAvwL 
3,4 
Address valid to WR low or RU low 
125 
4lcLCL-75 
ns 


tavwx 
3,4 
Data valid to WR transition 
20 
tCLCL-30 
ns 


tDW 
3,4 
Data setup time before WR 
220 
7lcLCL-130 
ns 


tWHQX 
3,4 
Data hold after WR 
25 
tCLCL-25 
ns 


tRLAZ 
3,4 
RU low to address float 
0 
0 
ns 


tWHLH 
3,4 
RU or WR high to ALE high 
25 
75 
tCLCL-25 
lcLCL+25 
ns 


Shift Register 


tXLXL 
5 
Serial port clock cycle time3 
0.6 
12lcLCL 
lIS 


taVXH 
5 
Output data setup to clock rising edge3 
367 
10lcLCL-133 
ns 


tXHQX 
5 
Output data hold after clock rising edge3 
40 
2lcLCL~0 
ns 


tXHDX 
5 
Input data hold after clock rising edge3 
0 
0 
ns 


tXHDV 
5 
Clock rising edge to input data valid3 
367 
10lcLCL-133 
ns 
External 
Clock 


lcHCX 
6 
Hightime3 
17 
17 
tCLCL tLOW 
ns 


lcLCX 
6 
Lowtime3 
17 
17 
lcLCL 
tHIGH 
ns 


lcLCH 
6 
Risetime3 
20 
20 
ns 


lcHCL 
6 
Falltime3 
20 
20 
ns 
NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and I'SEN = 100pF, load capacitance for all other outputs = 80pF. 


3. 
These values are characterized but not 100% production tested. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 


SCl TIMING CHARACTERISTICS 


tHD;STA 
START condition hold time 
;, 14teLCL 
> 4.01lS1 


!Low 
SCllOWtime 
;, 16 teLCL 
> 4.71lS1 


tHIGH 
SCl HIGH time 
;, 14 teLCL 
> 4.01lS1 


tRC 
SCl 
rise time 
,; 11ls 
_2 


tFC 
SCl fall time 
,; 0.31lS 
< 0.31lS3 


SDA TIMING CHARACTERISTICS 


lsu; DAT1 
Data set-up time 
;, 250ns 
> 20 teLCL - tRD 


lsu; DAT2 
SDA set-up time (before rep. START cond.) 
;, 250ns 
> 11lS1 


tsu; DAT3 
SDA set-up time (before STOP cond.) 
;, 250ns 
> 8 teLCL 


tHD; DAT 
Data hold time 
;'Ons 
> 8 tCLCL- tFC 


lsu; STA 
Repeated START set-up time 
;, 14 teLCL 
> 4.71lS1 


tsu; STO 
STOP condition set-up time 
;, 14 tCLCL 
> 4.01lS1 


taUF 
Bus free time 
;, 14teLCL 
> 4.71lS1 


tRD 
SDArisetime 
" 11's 


_2 


tFD 
SDAfalitime 
,; 0.31lS 
< 0.31lS3 


NOTES: 
1. At 100 kbitls. At other bit rates this value is inversely proportional to the bit-rate of 100 kbitls. 
2. 
Determined by the extemal bus-line capacitance and the extemal bus-line pull-resistor, this must be < 11ls. 


3. 
Spikes on the SDA and SCl lines with a duration of less than 3 teLCL will be filtered out. Maximum capacitance on bus-lines SDA and 
SCl=400pF. 


4. ~LCL = 1/fosc = one oscillator clock period at pin XTAl1. 
For 62ns < teLCL < 285ns (16MHz) > fosc > 3.5MHz) the SI01 interface meets the 
I C-bus specification for bit-rates up to 100 kbitls. 


EXPLANATION 
OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
Q - 
Output data 
first character is always 't' (= time). The other 
R - 
RU signal 
characters. depending on their positions. 
t 
- 
Time 


indicate the name of a signal or the logical 
V - 
Valid 


status of that signal. The designations are: 
W - 
WF! signal 
A - 
Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Float 
o - 
Input data 
Examples: 
tAVLL= Time for address valid 
H - 
Logic level high 
to ALE low. 
I 
- 
Instruction (program memory contents) 
tLLPL= Time for ALE low 
L - 
Logic level low. or ALE 
to J5SElillow. 


P - 
J5SElil 


t 
WRITE 
TO SBUF 


I 
-II- IXHQX I 


taVXH 1----11 


INPUT 
DATA 
t-' 


CLEAR 
AI 


VC~·5 
- 
- 
-- 
O·7VCC 


O.45V 
O.2VC~.1 


lcHCL -.. 
lcLC 


vcc-<>s =x 
>C 
o 2VCC+O9 


o 4SV~ 
.O_2V-'C"'c-<>"-_, 
_ 


NOTE: 
AC inputs 
during 
testing 
are driven 
at Vcc 
~.5 
for a logic ',' 
and O.45V for a logic '0'. 


TIming 
measurements 
are made 
at VIH min for a logic ',' 
and Vil max for a logic '0'. 


TIMING 


REFERENCE 
POINTS 


NOTE: 
For timing 
purposes, 
a port is no longer 
floating 
when a loamV 
change 
from 
load voliage 
occurs, 


and begins 
to float when 
a lOOmV 
change 
from 
the loaded ValVa. level occurs. 
lott'IOL ~ ±2OrnA. 


Figure 8. lee Test Condition, 
Active Mode 
All other pins are disconnected 


NOTE: 


Ports 1.6 and 1.7 should be connected to Vcc through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the lOll specification. 


VCC 


RST 


Ell 


87C654 


P1.6 
(NC 
XTAL2 


P1.7 


CLOCK$IGNA 
XTAL1 


VSS 


Figure 9. Ice Test Condition, 
Idle Mode 
All other pins are disconnected 


VCC-O·5 
- 
- 
- 
- 
O·7VCC 


O.45V 
O.2VCC-O.1 


Figure 10. Clock Signal Waveform 
for Ice Tests in Active and Idle Modes 


teLcH = tCHCL= 10ns 


Figure 11. Ice Test Condition, 
Power Down Mode 
All other pins are disconnected. 
VCC = 2V to 5.5V 


NOTE: 
Ports 1.6 and 1.7 should be connected to VCCthrough resistors of sufficiently high value such that the sink current into these pins does not 
exceed the Iou specification. 


EPROM CHARACTERISTICS 
The 87C654 is programmed by using a 
modified Quick-Pulse Programming™ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEII'ROG 
pulses. 


The 87C654 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C654 manufactured by Philips 
Components. 


Table 4 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 12 and 13. Figure 14 shows 
the circuit configuration for normal program 
memory verification. 


Quick-Pulse 
Programming 
The setup for microcontroller 
quick-pulse 
programming is shown in Rgure 12. Note that 
the 87C654 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
intemal address and program data transfers. 


The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 12. The code byte to be 
programmed into that location is applied to 
port O. RST, J5SEN and pins of ports 2 and 3 
specified in Table 4 are held at the 'Program 
Code Data' levels indicated in Table 4. The 
ALEII'ROG 
is pulsed low 25 times as shown 
in Figure 13. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 


To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
Bif levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 


Note that the FJiJVpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


Program 
Verification 
If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 14. The other pins are held at the 
'Verify Code Data' levels indicated in Table 4. 
The contents of the address location will be 
emitted on port O.Extemal pull-ups are 
required on port 0 for this operation. 


If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctiy decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature 
Bytes 


The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) 
15H indicates manufactured 
by 


Philips 
(031H) 
99H indicates 87C654 


ProgramlVerify 
Algorithms 


Any algorithm in agreement with the 
conditions listed in Table 4, and which 
satisfies the timing specifications, 
is suitable. 


Erasure 
Characteristics 


Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 
4,000 angstroms. 


Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary 
effects, 
it 
is recommended 
that an opaque label be 
placed over the window. 
For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, 
or equivalent. 


The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,OOOIlW/cm2rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. Erasure leaves the 
array in an all 1s state. 


MODE 
RST 
J5SEN 
ALE.IPROG 
~pp 
P2.7 
P2.6 
P3.7 
P3.6 


Read signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program code data 
1 
0 
O· 
Vpp 
1 
0 
1 
1 


Verify code data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm encryption table 
1 
0 
O· 
Vpp 
1 
0 
1 
0 


pgm lock bit 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 


Pgm lock bit 2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


NOTES. 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 
2. 
Vpp = 12.75V ±O.25V. 


3. 
Vcc = 5V±100/0during programming and verification. 
ALEII'ROG 
receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100115(±10IlS) and high for a 


minimum of 1OILS. 


Vcc 


P' 
PO 


RST 
E;\Npp 


P3.6 
AlEll'ROO 


P3.7 
87C654 
1'SE!l 


XTAl2 
P2.7 


P2.6 


XTAll 
P2.o--P2.5 


VSS 


I 
c: 
1 
10/ls MIN -+II "''41------ 
100/lS±10 ----~.l 


Al.EII'ROG: 
--0 
I'-- 
--'n 
~n~_ 


Vcc 


Pl 
PO 


RST 
E;\Npp 


P3.6 
AlEll'ROO 


P3.7 
87C654 
1'SE!l 


XTAL2 
P2.7 


P2.6 


XTAl' 
P2.o-f>2.5 


VSS 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


Tamb = 21°C 
to +27"C, 
vcc = 5V±10%, 
vss = OV (See 
Figure 
15) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


Vpp 
Programming 
supply 
voltage 
12.5 
13.0 
V 


Ipp 
Programming 
supply 
current 
50 
mA 


1ltcLCL 
Oscillator 
frequency 
4 
6 
MHz 


IAVGL 
Address 
setup 
to'F'ROG 
low 
48teLCl 


lGHAX 
Address 
hold 
after 
'F'ROG 
48teLCL 


tDVGL 
Data 
setup 
to 'F'ROG 
low 
48teLCL 


lGHDX 
Data 
hold 
after 
'F'ROG 
48teLCL 


tEHSH 
P2.7 (EIiIABIT) high 
to Vpp 
48teLCl 


tSHGL 
V pp setup 
to 'F'ROG 
low 
10 
lIS 


lGHSL 
Vpp 
hold 
after 
'F'ROG 
10 
lIS 


lGLGH 
'F'ROG 
width 
90 
110 
~s 


tAvav 
Address 
to data 
valid 
48teLCL 


tElOZ 
EIiIABIT low to data 
valid 
48telCl 


tEHOZ 
Data 
float 
after EIiIABIT 
0 
48teLCL 


IGHGL 
'F'ROG 
high 
to'F'ROG 
low 
10 
lIS 


VERIFICATION" 


ADDRESS 


lGHDX 
lGHAX 


Purchase 
of Philips 12C components 
conveys 
a license under the Philips' 
12C patent 
to use the components 
in the 
12C system 
provided 
the system 
conforms 
to the 
12Cspecifications 
defined 
by Philips. 
This 
specification 
can be ordered 
using the 
code 9398 393 40011. 


CMOS single-chip 
8-bit microcontroller 
with 


Electromagnetic 
Compatibility 
improvements 


Preliminary specification 


DESCRIPTION 
The 83CE654 Single-Chip 8-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the 80C51 microcontroller family. The 
83CE654 has the same instruction set as the 
80C51. The 83CE654 has 16k byles mask 
programmable ROM and 256 byles RAM. 


This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 83CE654 contains a 
non-volatile 16k x 8 read-only program 
memory, a volatile 256 x 8 read/write data 
memory, four 8-bit I/O ports, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), a multi-source, two-priority-Ievel, 
nested interrupt structure, an 12Cinterface, 
UART and on-chip oscillator and timing 
circuits. For systems that require extra 
capability, the 83CE654 can be expanded 
using standard TTL compatible memories 
and logic. 


The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byle, 45 two-byle and 
17 three-byle. With a 16MHz crystal, 58% of 
the instructions are executed in 0.7511Sand 
40% in 1.5I1S.Multiply and divide instructions 
require 311S. 


• 80C51 central processing unit 


• 16k x 8 ROM expandable externally to 


64k byles 


• 256 x 8 RAM, expandable externally to 
64k byles 


• Two standard 16-bit timer/counters 


• Four 8-bit I/O ports 


• 12C-busserial I/O port with byle oriented 
master and slave functions 


• Full-duplex UART facilities 


• ROM code protection 


• XTAL frequency range: 1.2MHz to 16MHz 


• Software enable/disable of ALE output 
pulse 


• Electromagnetic 
compatibility (EMC) 
improvements 


• Operating ambient temperature range: 


- 
P83CE654 FBB TambDoCto +70°C 


- 
P83CE654 FFB Tamb-40°C to +85°C 


11 
23 


12 
22 


Pin 
Function 
Pin 
Function 


1 
Pl.5 
23 
P2.5/A13 


2 
Pl.61SCL 
24 
P2.61A14 


3 
Pl.7/SDA 
25 
P2.7/A15 


4 
RST 
26 
P'SEfl 


5 
P3.OIRxD 
27 
ALE 


6 
VSSoI 
26 
VSS2 


7 
P3.1fTxO 
29 
EA 


8 
P3.2/lIiITll 
30 
PO.7/A07 


9 
P3.3IlI'lTT 
31 
PO.61A06 


10 
P3.4IT0 
32 
PO.5/A05 


11 
P3.5IT1 
33 
PO.41AD4 


12 
P3.6IWR 
34 
PO.31A03 


13 
P3.7RU 
35 
PO.21A02 


14 
XTAL2 
36 
PO.lIAD1 


15 
XTAL1 
37 
PO.lYAOO 


16 
VSS1 
38 
VOO2 
17 
VOO1 
39 
VSS3 


18 
P2.lYAB 
40 
Pl.0 


19 
P2.1/A9 
41 
Pl.1 


20 
P2.21A10 
42 
P1.2 


21 
P2.31Al1 
43 
P1.3 


22 
P2.41A12 
44 
Pl.4 


TEMPERATURERANGEOC 
FREQUENCY 
DRAWING NUMBER 
ROM 
AND PACKAGE 
MHz 


P83CE654FBB 
o to +70, Plastic Quad Flat Pack 
1.2 to 16 
SOT307-21 


P83CE654FFB 
-40 to +85, Plastic Quad Flat Pack 
1.2 to 16 
SOT307-21 


NOTE: 
1. SOT311 replaced by SOT307-2. 


ELECTROMAGNETIC 
COMPATIBILITY 
(EMC) 
IMPROVEMENTS 
Primary attention 
is paid on the reduction of 
electromagnetic 
emission of the 
microcontroller P83CE654. 


The following features effect in reducing the 
electromagnetic 
emission and additionally 


improve the electromagnetic 
susceptibility: 


• Two supply voltage pins (V001, Vooz) and 
four ground pins (VSSl to VSS4) 


• Separate VDO pins for the internal logic and 


the port buffers 


FREQUENCY 
REFERENCE 
,-'----, 


XTAL2 
XTAL1 


I-- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IL 


PROGRAM 
MEMORY 
(16Kx8ROM) 


IRT1J 
IRTl 
'---;-----' 


EXTERNAL 
INTERRUPTS 
SHARED 
WITH 
PORT 
3 


• Intemal decoupling capacitance improves 
the EMC radiation behavior and the EMC 
immunity 


• External capacitors are to be located as 


close as possible between pins VODZand 
VSS3as well as Voo1 and VSS1;ceramic 
chip capacitors are recommended (100nF). 


• The ALE output signal (pulses at a 


frequency of fosd6) can be disabled under 
software control (bit 5 in the SFR PCON: 
"RFI"); if disabled, no ALE pulse will occur. 


ALE pin will be pulled down intemally, 
switching an extemal address latch to a 
quiet state. The MOVX instruction will still 
toggle ALE as a normal MOVX. ALE will 
retain its normal high value during Idle 
mode and a low value during Power-down 
mode while in the "RFI" reduction mode. 
Additionally during internal access (EA = 1) 
ALE will toggle normally when the address 
exceeds the intemal program memory size. 
During external access (~ 
= 0) ALE will 


always toggle normally, whether the flag 
"RFI" is set or not. 


COUNTER 
INPUTS 
SHARED 
WITH 
PORT 
3 
,-'----, 


TO 
Tl 


DATA 
MEMORY 


(256 x8 
RAM) 


----------1 
I 
I 
I 
I 
I 
I 
I 
I 


SD4 
S=D 
scJ 
PORT1 


CMOS single-chip 
8-bit microcontroller 
with 
Electromagnetic 
Compatibility 
improvements 


MNEMONIC 
PIN 
TYPE 
NAME AND FUNCTION 
NUMBER 


vss1, VSS2, 
16,28, 
I 
Ground: 
OV reference. All pins must be connected. 


VS53, VS54 
39,6 


V001, VOO2 
17,38 
I 
Power Supply: 
This is the power supply voltage for normal, idle, and power-down operation. Both pins 


must be connected. 


PO.O-O.7 
37--30 
I/O 
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to them float and can 
be used as high-impedance 
inputs. Port 0 is also the multiplexed low-order address and data bus during 


accesses to external program and data memory. In this application, it uses strong internal pull-ups when 
emitting 1s. Port 0 can sink/source 8 LSITL 
inputs. 


P1.D-P1.7 
40-44, 
I/O 
Port 1: Port 1 is an 8-bit bidirectionalI/O 
port with internal pull-ups, except P1.6 and P1.7 which are open 


1-3 
drain. Port 1 pins that have 1s written to them are pulled high by the internal pull-ups and can be used as 
inputs. As inputs, port 1 pins that are externally pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: 
IILl. Port 1 also receives the low-order address byte during 


program memory verification. Alternate functions include: 


P1.6 
2 
I/O 
SCL: 
12C-bus serial port clock line. 
Pl.7 
3 
I/O 
SDA: 12C-busserial port data line. 


P2.D-P2.7 
18-25 
I/O 
Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s written to 
them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 2 pins that are 
externally being pulled low will source current because of the internal pull-ups. (See DC Electrical 
Characteristics: 
IILl. Port 2 emits the high-order address byte during fetches from external program 


memory and during accesses to external data memory that use 16-bit addresses (MOVX @DPTR). In this 
application, it uses strong internal pull-ups when emitting 1s. During accesses to external data memory 
that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 


P3.D-P3.7 
5, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s written to 
7-13 
them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins that are 
externally being pulled low will source current because of the pull-ups. (See DC Electrical Characteristics: 
I,Ll· Port 3 also serves the special features of the 80C51 family, as listed below: 
5 
I 
RxD (P3.0): Serial input port 


7 
0 
TxD (P3.1): Serial output port 
8 
I 
INTiJ (P3.2): External interrupt 0 or gate control input for timer/event counter 0 
9 
I 
!RTf (P3.3): External interrupt 1 or gate control input for timer/event counter 1 
10 
I 
TO (P3.4): Timer 0 external input 


11 
I 
T1 (P3.5): Timer 1 external input 


12 
0 
WJf (P3.6): External data memory write strobe 


13 
0 
'AD (P3.7): External data memory read strobe 


RST 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. An 
internal pull-down resistor to VSS permits a power-on reset using only an external capacitor to Voo. 


ALE 
27 
I/O 
Address 
Latch Enable: Output pulse for latching the low byte of the address dUring an access to external 


memory. In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator frequency, and can be 
used for external timing or clocking. Note that one ALE pulse is skipped during each access to external 
data memory. ALE can sink/source 8 LSITL 
inputs. It can drive CMOS inputs without an external pull-up. 


To prohibit the toggling of ALE pin (RFI noise reduction) the bit RFI in the PCON Register (PCON.5) must 
be set by software. This bit is cleared on RESET and can be cleared by software. When set, ALE pin will 
be pulled down internally, switching an external address latch to a quiet state. The MOVX instruction will 
still toggle ALE as a normal MOVX. ALE will retain its normal high value during Idle mode and a low value 
during Power-down mode while in the "RFI" mode. Additionally during internal access (Ell: = 1) ALE will 
tE),llle normally when the address exceeds the internal program memory size. During external access 
( 
= 0) ALE will always toggle normally, whether the flag "RFI" is set or not. 


PS'EN 
26 
0 
Program 
Store Enable: The read strobe to external program memory. When the 83CE654 is executing 
code from the external program memory, PS'EN is activated twice each mac~SEwcle, 
except that two 


PS'EN activations are skipped during each access to external data memory. 
is not activated dUring 


fetches from internal program memory. PS'EN can sink/source 8 LSITL 
inputs. 
~ 
29 
I 
External 
Access 
Enable: when, during RESET, ~ 
is held at a ITL 
HIGH level the CPU executes out of 
the internal program ROM, provided the program counter is less than 16384. When ~ 
is held at a ITL 


LOW level during RESET, the CPU executes out of external program memory via Port 0 and Port 2. ~ 
is 


not allowed to float. 


XTAL1 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 


XTAL2 
14 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher or lower than Voo + O.SVor VSS- O.SV, 
respectively. 


CMOS single-chip 8-bit microcontroller with 
Electromagnetic Compatibility improvements 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC· 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
El 
EO 
OOH 


B· 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
Fl 
FO 
OOH 


DPTR: 
Data pointer 


(2 bytes) 
DPH 
Data pointer high 
83H 
OOH 
DPL 
Data pointer low 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE·# 
Interrupt enable 
A8H 
EA 
I 
I 
ESl 
I 
ESO I 
ETl 
I 
EXl 
I 
ETO I 
EXO 
OxOOOOOOB 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
B8 


Ip·# 
Interrupt priority 
B8H 
- 
I 
I 
PSl 
I 
PSO I 
PTl 
I 
PXl 
I 
PTO I 
PXO 
xxOOOOOOB 


87 
86 
85 
84 
83 
82 
81 
80 


PO· 
PortO 
80H 
AD7 I AD6 I 
AD5 
I 
AD4 
I 
AD3 
I 
AD2 
I 
ADl 
I 
ADO 
FFH 


97 
96 
95 
94 
93 
92 
91 
90 


Pl·# 
Port 1 
90H 
SDA I SCL I 
I 
I 
I 
I 
I 
FFH 


A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 


P2· 
Port 2 
AOH 
A15 I A14 I 
A13 
I 
A12 
I 
All 
I 
Al0 
I 
A9 
I 
A8 
FFH 


B7 
B6 
B5 
B4 
B3 
B2 
Bl 
BO 


P3· 
Port 3 
BOH 
"RUIWRI 
T1 
I 
TO 
I JIm I Tm'O I 
TXD 
I 
RXD 
FFH 


PCON# 
Power control 
87H 
SMOD I - 
I 
RFI 
I 
- 
I 
GFl 
I 
GFO I 
PD 
I 
IDL 
OxxxOOOOB 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SOCON"# 
Serial 0 port control 
98H 
SMO I SMl 
I 
SM2 
I 
REN I 
TB8 
I 
RB8 
I 
TI 
I 
RI 
OOH 


SOBUF# 
Serial 0 data buffer 
99H 
xxxxxxxxB 


D7 
D6 
D5 
D4 
D3 
D2 
Dl 
DO 


PSW· 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RSl 
I 
RSO I 
OV 
I 
Fl 
I 
P 
OOH 


SlDAT# 
Serial 1 data 
DAH 
OOH 


SP 
Stack pointer 
81H 
07H 


SlADR# 
Serial 1 address 
DBH 
SLAVE ADDRESS 
I 
GC 
OOH 


SlSTA# 
Serial 1 status 
D9H 
SC4 I SC3 I 
SC2 
I 
SCl 
I 
SCO I 
0 
I 
0 
I 
0 
F8H 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


SlCON"# 
Serial 1 control 
D8H 
CR2 I ENSl I 
STA 
I 
STO I 
SI 
I 
AA 
I 
CRl 
I 
CRO 
OOOOOOOOB 


8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON" 
Timer control 
88H 
TFl 
I TRl 
I 
TFO 
I 
TRO I 
IEl 
I 
ITl 
I 
IEO I 
ITO 
OOH 


THl 
Timer high 1 
8DH 
OOH 


THO 
Timer high 0 
8CH 
OOH 


TL1 
Timer low 1 
8BH 
OOH 


TLO 
Timer low 0 
8AH 
OOH 
TMOD 
Timer mode 
89H 
GATE I 
CIT 
I 
Ml 
I 
MO 
I GATE I 
CIT 
I 
Ml 
I 
MO 
DOH 
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ROM CODE PROTECTION 
The B3CE654 has an additional security 
feature. 
ROM code protection may be 


selected by setting a mask-programmable 
security bit (i.e., user dependent). 
This 


feature may be requested during ROM code 
submission. When selected, the ROM code is 
protected and cannot be read out at any time 
by any test mode or by any instruction in the 
extemal program memory space. 


The MOVC instructions are the only 
instructions that have access to program 
code in the intemal or extemal program 
memory. The EA input is latched during 
RESET and is "don't care" after RESET (also 
if the security bit is not set). This 
implementation prevents reading intemal 
program code by switching from extemal 
program memory to intemal program memory 
during a MOVC instrucijon or any other 
instruction that uses immediate data. 


Table 2 lists the access to the intemal and 
extemal program memory by the MOVC 
instructions when the security bit has been 
set to a logical "1": 


OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respecijvely, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 3-1069. 


To drive the device from an extemal clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the 
extemal clock signal, because the input to 
the internal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


Reset 
A reset is accomplished 
by holding the RST 
pin high for at least two machine cycles 
(24 oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on VDD and RST must 
come up at the same time for a proper 
start-up. 


Power-on 
Reset 
(See Figure 1.) 
When VDD is turned on, and provided its 
rise-time does not exceed 1Oms, an 
automatic reset can be obtained by 
connecting the RST pin to VDD via a 2.211F 
capacitor. When the power is switched on, 
the voltage on the RST pin is equal to VDD 
minus the capacitor voltage, and decreases 
from VDD as the capacitor charges through 
the internal resistor (RRST)to ground. The 
larger the capacitor, the more slowly VRST 
decreases. VRSTmust remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The time 
required is the oscillator start-up time, plus 2 
machine cycles. 


Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and conijnued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


Power-Down 
Mode 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 


power-down 
is the last instruction 
executed. 


Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 


to terminate the power-down mode. the 
control bits for the reduced power modes are 
in the special function register PCON. Table 3 
shows the state of the 1/0 ports during low 
current operating modes. 


Power Control 
Register 
PCON 


These special modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is B7H. PCON 
is not bit addressable. The reset value of 
PCON is (OxOxOOOO). 


76543210 
~~~ 
1SMO~ -I RAI -I 
GF1/GFOI 
PDIIOLI 


Function 
Double Baud rate bit. 
When set to logic 1 the 
baud rate is doubled when 
Timer 1 is used to 
generate baud rate, and 
the Serial Port is used in 
modes 1, 2 or 3. 
(reserved for future use") 
When set to logic 1 the 
toggling of ALE pin is 
prohibited. This bit is 
cleared on RESET. 
(reserved for future use") 
General purpose flag bit. 
General purpose flag bit. 
Power-down bit. Setting 
this bit activates 
Power-down mode. 
Idle mode bit. Setting this 
bit activates the Idle 
mode. If 1s are written to 
PD and IDL at the same 
time, PD takes 
precedence. 


PCON.4 
- 


PCON.3 
GF1 
PCON.2 
GFO 
PCON.1 
PD 


NOTE: 
User software should not write 1s to 
reserved bits. These bits may be used in 
future BOC51 family products to invoke 
new features. In that case, the reset or 
inactive value of the new bit will be 0, and 
its active value will be 1. The value read 
from a reserved bit is indeterminate. 


12C Serial Communication-SI01 
The 12Cserial port is identical to the 12C 
serial port on the BXC552. The operation of 
this subsystem is described in detail in the 
BXC552 section of this manual. 


Note that in both the B3CE654 and the 
BXC552 the 12Cpins are alternate functions 
to port pins P1.6 and P1.7. Because of this, 
P1.6 and P1.7 on these parts do not have a 
pull-up structure as found on the BOC51. 
Therefore P1.6 and P1.7 have open drain 
outputs on the B3CE654. 
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ACCESS TO INTERNAL 
ACCESS TO EXTERNAL 


PROGRAM MEMORY 
PROGRAM MEMORY 


MOVC in internal program memory 
YES 
YES 


MOVC in external program memory 
NO 
YES 


PROGRAM 
MODE 
MEMORY 
ALE 
J5SEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
External 
0 
0 
Float 
Data 
Data 
Data 


BIT FREQUENCY (kHz) AT fose 


CR2 
CR1 
CRO 
6MHz 
12MHz 
16MHz 
fose DIVIDED BY 


0 
0 
0 
23 
47 
63 
256 


0 
0 
1 
27 
54 
71 
224 


0 
1 
0 
31 
63 
83 
192 
0 
1 
1 
37 
75 
100 
160 


1 
0 
0 
6.25 
12.5 
17 
960 


1 
0 
1 
50 
100 
1331 
120 


1 
1 
0 
100 
2001 
2671 
60 
1 
1 
1 
0.24 < 62.5 
0.49 < 62.5 
0.65 < 55.6 
96 x (256 - (reload value Timer 1» 
0<255 
0<254 
0<253 
reload value range Timer 1 (in mode 2) 
NOTES: 
1. These frequencies exceed the upper limit of 100kHz of the 12C-bus specification and cannot be used in an 12C-bus application. 
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PARAMETER 
RATING 
UNIT 


Voltage on Voo to Vss 
~.5to+6.5 
V 


Voltage on any pin to Vss 
~.5 
to Voo+0.5 
V 


Storage temperature range 
-65 to +150 
°C 


Power dissipation (based on package heat transfer limitations, not device 
1 
W 
power consumption)' 


Operating ambient temperature range 


FBB 
o to +70 
°C 


FFB 
-40 to +85 
°C 


NOTE: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. this is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
sec1ion 
of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods may affect device reliability. 


SUPPLY VOLTAGE (V) 
FREQUENCY (MHz) 
TEMPERATURE 
RANGE 
TYPE 
(OC) 
MIN. 
MAX. 
MIN. 
MAX. 


P83CE654FBB 
4.5 
5.5 
1.2 
16 
Oto +70 


P83CE654FFB 
4.5 
5.5 
1.2 
16 
-40 to +85 
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DC ELECTRICAL 
CHARACTERISTICS 
Voo = 5V (±10%), Vss = OV,Tamb= O'C to +70'C or-40'C 
to +85'C 


TEST 
UMITS 


SYMBOL 
PARAMETER 
PART TYPE 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VIL 
Input low voltage, 
Oto +70'C 
--{).5 
0.2Voo--{)·1 
V 
exceptEA, 
P1.6/SCL, P1.7/SDA 
-40 to +85'C 
--{).5 
0.2Voo--{)·15 
V 


VILl 
Input low voltage to EA 
Oto +70'C 
--{).5 
0.2Voo--{)·3 
V 


-40 to +85'C 
--{).5 
0.2Voo--{)·35 
V 


VIL2 
Input low voltage to P1.6/SCL, P1.7/SDA6 
--{).5 
0.3Voo 
V 


VIH 
Input high voltage, except XTAL 1, RST, 
o to +70'C 
0.2Voo+0.9 
Voo+0.5 
V 
P1.6/SCL, P1.7/SDA 
-40 to +85'C 
0.2Voo+1.0 
Voo+0.5 
V 


VIHl 
Input high voltage, XTAL 1, RST 
o to +70'C 
O·7Voo 
Voo+0.5 
V 


-40 to +85'C 
0.7Voo+0.1 
Voo+0.5 
V 


VIH2 
Input high voltage, P1.61SCL, P1.7/SDA6 
O·7Voo 
6.0 
V 


VOL 
Output low voltage, ports 1,2,3, 
IOL= 1.6mA7 
0.45 
V 
except P1.61SCL, P1.7/SDA4, ALE, J5SE\I 


VOLl 
Output low voltage, port 0, ALE, J5SE\14 
IOL=3.2mA7 
0.45 
V 


VOL2 
Output low voltage, P1.61SCL, P1.7/SDA4 
IOL= 3.0mA1 
0.4 
V 


VOH 
Output high voltage, ports 1, 2, 3, except P1.6, 
IOH=-60~; 
2.4 
V 
Pl.7, ALE, J5SE\I 
Voo = 5V (± 10%) 
IOH=-25~ 
0.75Voo 
V 


IOH=-10~ 
0.9Voo 
V 


VOH1 
Output high voltage; 
IOH=-800~; 
2.4 
V 
port 0 in ex1emal bus modeS 
Voo = 5V (± 10%) 


IOH=-300!'A 
0.75Voo 
V 


IOH=-80~ 
0.9Voo 
V 


IlL 
Logical 0 input current, ports 1, 2, 3, 
o to +70'C 
Vj=0.45V 
-50 
!LA 


except P1.61SCL, P1.7/SDA 
-40 to +85'C 
Vj= 0.45V 
-75 
!LA 


ITL 
Logical 1-to-O transition current, ports 1, 2, 3, 
o to +70'C 
Vj=2.0V 
-650 
!LA 
except P1.6/SCL, P1.7/SDA 
-40 to +85'C 
Vj=2.0V 
-750 
!LA 


IU1 
Input leakage current, port 0, EA 
0.45V < Vi < Voo 
±10 
~ 


IU2 
Input leakage current, P1.6/SCL, P1.7/SDA 
OV <Vj< 
5.5V 
±10 
!LA 
OV < Voo < 5.5V 


100 
Power supply current: 


Active mode @ 16MHz1, 8 
Voo = 5.5V 
22 
mA 
Idle mode @ 16MHz2,8 
Voo=5V±10% 
6 
mA 
Power down mode3 
@2V < Vpo < VOOMAX 
50 
!LA 


RRST 
Intemal reset pUll-down resistor 
50 
150 
k!l 


CIO 
Pin capacitance of I/O buffer 
Freq.=lMHz; 
10 
pF 


Tamb= 25'C 
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NOTES FOR DC ELECTRICAL CHARACTERISTICS: 
1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t, = tf = 5ns; V1L= Vss + 0.5V; 


V1H= VOO--{).5V; XTAL2 not connected; EA = RST = Port 0 = P1.6 = P1.7 = Voo· 


2. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t, = tf = 5ns; V1L= Vss + 0.5V; 
VIH = Voo--{).5V; XTAL2 not connected; Port 0 = P1.6 = P1.7 = Voo; EA = RST = Vss· 
3. 
The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = P1.6 = P1.7 = Voo; 
~ 
= XTAL1 = RST = Vss. 


4. 
Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 
1OOpF),the noise pulse on the ALE pin may exceed O.BV.In such cases, it may be desirable to qualify 
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


5. 
Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSElII to momentarily fall below the 0.9Voo specification when the 
address bits are stabilizing. 
6. The input threshold voltage. of P1.6 and P1.7 (SI01) meets the 12Cspecification, so an input voltage below 0.3Voo will be recognized as a 
logic 0 while an input voltage above 0.7Voo will be recognized as a logic 1. 
7. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: Maximum IOL= 1OmA per port pin; Maximum 
IOL= 26mA total for Port 0; Maximum IOL= 15mA total for Ports 1, 2, and 3; Maximum IOL= 71mA total for all output pins. If IOLexceeds the 
test conditions, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test conditions. 


B. IOOMAXfor the BO/B3CE654 
at the other frequencies can be derived from Figure 2, where FREQ is the external oscillator frequency in MHz. 


IOOMAXis given in mA. 


..••...• 


..... 
V / 


,/'" / 


..••,,- 
- 
- 
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16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


l!tcLCL 
3 
Oscillator frequency 
1.2 
16 
MHz 


lLHLL 
3 
ALE pulse width 
85 
2lcLcL-40 
ns 


tAVLL 
3 
Address valid to ALE low 
8 
lcLCL-55 
ns 


lLLAX 
3 
Address hold after ALE low 
28 
lcLCL-35 
ns 


lLLlV 
3 
ALE low to valid instruction in 
150 
4lcLCL-100 
ns 


tLLPL 
3 
ALE low to I'S"EN low 
23 
lcLCL-40 
ns 


tPLPH 
3 
I'S"EN pulse width 
143 
3lcLCL-45 
ns 


tPLIV 
3 
I'S"EN low to valid instruction in 
83 
3lcLCL-105 
ns 


tPXIX 
3 
Input instruction hold after I'S"EN 
0 
0 
ns 


tpXIZ 
3 
Input instruction float after I'S"EN 
38 
lcLCL-25 
ns 


tAVIV 
3 
Address to valid instruction in 
208 
5lcLCL-105 
ns 


tpLAZ 
3 
I'S"EN low to address float 
10 
10 
ns 


Data Memory 


tAVLL 
4,5 
Address valid to ALE low 
8 
tCLCL-55 
ns 


tRLRH 
4,5 
RU pulse width 
275 
6lcLCL-100 
ns 


tWLWH 
4,5 
WR pulse width 
275 
6lcLCL-100 
ns 


tRLOV 
4,5 
RU low to valid data in 
148 
5lcLCL-165 
ns 


tRHOX 
4,5 
Data hold after RU 
0 
0 
ns 


tRHOZ 
4,5 
Data float after RU 
55 
2lcLcL-70 
ns 


lLLDV 
4,5 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVOV 
4,5 
Address to valid data in 
398 
9lcLCL-l65 
ns 


lLLWL 
4,5 
ALE low to RU or WR low 
138 
238 
3lcLCL-50 
3lcLCL+50 
ns 


tAVWL 
4,5 
Address valid to WR low or RU low 
120 
4lcLCL-130 
ns 


tavwx 
4,5 
Data valid to WR trans~ion 
3 
lcLCL-60 
ns 


tow 
4,5 
Data setup time before WR 
288 
7lcLCL-150 
ns 


tWHQX 
4,5 
Data hold after WR 
13 
lcLCL-50 
ns 


tRLAZ 
4,5 
RU low to address float 
0 
0 
ns 


tWHLH 
4,5 
RU or WR high to ALE high 
23 
103 
lcLCL-40 
lcLCL+40 
ns 


Shift Register3 


tXLXL 
6 
Serial port clock cycle time 
0.75 
12lcLcL 
IlS 


taVXH 
6 
Output data setup to clock rising edge 
492 
l0lcLCL -133 
ns 


tXHQX 
6 
Output data hold after clock rising edge 
80 
2lcLCL-117 
ns 


tXHOX 
6 
Input data hold after clock rising edge 
0 
0 
ns 


tXHOV 
6 
Clock rising edge to input data valid 
492 
10lcLCL-133 
ns 


External 
Clock 


lcHCX 
7 
High time 
20 
20 
lcLCL- tLOw 
ns 


lcLCX 
7 
Low time 
20 
20 
lcLCL 
!HIGH 
ns 


lcLCH 
7 
Rise time 
20 
20 
ns 


lcHCL 
7 
Fall time 
20 
20 
ns 


NOTES: 
1. 
Parameters are valid over operating temperature range unless otherwise specified. 


2. 
Load capacitance for port 0, ALE, and I'S"EN = 100pF, load capacitance for all other outputs = 80pF. 
3. Test condition: Tamb = O°C to +70C; Voo = 5V + 10%; Vss = OV; load capacitance = 80pF. 


CMOS single-chip 
8-bit microcontroller 
with 
Electromagnetic 
Compatibility 
improvements 


. 


SYMBOL 
PARAMETER 
INPUT 
OUTPUT 


SCl TIMING CHARACTERISTICS 


tHD;STA 
START condition hold time 
;" 14 tCLCL 
>4.0~1 


!Low 
SCllOWtime 
;" 16 lcLCL 
> 4.71iS1 


!HIGH 
SCl 
HIGH time 
;" 14 lcLCL 
>4.0~1 


tRC 
SCl 
rise time 
~ 1lis 
_2 


tFC 
SCl fall time 
"0.3~ 
< 0.31iS3 


SDA TIMING CHARACTERISTICS 
", 


tSU;DAT1 
Data set-up time 
;" 250ns 
> 20 lcLCL - tRD 


tSU;DAT2 
SDA set-up time (before rep. START cond.) 
;" 250ns 
>1~1 


tSU;DAT3 
SDA set-up time (before STOP cond.) 
;" 250ns 
> 8 tCLCL 


tHD;DAT 
Data hold time 
;"Ons 
> 8 lcLCL - tFC 


lsU;STA 
Repeated START set-up time 
;" 14 tCLCL 
> 4.71is1 


tSU;STO 
STOP condition set-up time 
;" 14 lcLCL 
>4.0~1 


taUF 
Bus free time 
;" 14 lcLCL 
>4.7IiS1 


tRD 
SDArisetime 
" 1lis 
_2 


tFD 
SDAfalitime 
<0.3~ 
<0.3~3 


NOTES: 
1. At 100 kbitls. At other bit rates this value is inversely proportional to the bit-rate of 100 kbitls. 
2. 
Determined by the external bus-line capacitance and the external bus-line pull-resistor. this must be < 1lis. 


3. 
Spikes on the SDA and SCl lines with a duration of less than 3 lcLCL will be filtered out. Maximum capacitance on bus-lines SDA and 
SCl = 400pF. 


4. :2LCL= l/fosc 
= one oscillator clock period at pin XTAl1. 
For 62ns < lcLCL < 285ns (16MHz > fosc > 3.5MHz) the SI01 interface meets the 


I C-bus specification for bit-rates up to 100 kbitls. 


Oscillator 
Circuitry 


The capacitors connected to the crystal 
should be; C1 = C2 = 20pF. 


CMOS single-chip 8-bit microcontroller with 
Electromagnetic Compatibility improvements 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
Q - 
Output data 
first character is always 'I' (= time). The other 
R - 
RU signal 
characters, depending on their positions, 
t 
- 
Time 
indicate the name of a signal or the logical 
V - 
Valid 
status of that signal. The designations are: 
W - 
WR signal 


A - 
Address 
X - 
No longer a valid logic level 


C - 
Clock 
Z - 
Float 
D - 
Input data 
Examples: 
tAVLL= Time for address valid 


H - 
Logic level high 
to ALE low. 
I 
- 
Instruction (program memory contents) 
tLLPL= Time for ALE low 


L - 
Logic level low, or ALE 
to PSEJ\llow. 


P - 
PSEJ\I 


CMOS single-chip 
a-bit microcontroller 
with 
Electromagnetic 
Compatibility 
improvements 


tLLWL 
tWLWH 


WR 


tLLAX 
tAVLL 


tow 


PORTO 
DATAOUT 
Ao-A7 FROM peL 
INSTRIN 


r- tXLXL-1 


INPUT 
DATA 


~' 


CLEAR 
RI 


I 
X 
X 
X 
X 
X 
X 
/ 
t 
SETTI 


t 
SETRI 


'aVXH 1----==1r tXHQX 


OUTPUT 
DATA, 
-. 
~ 
~ 
_ 
t 
\_~X __ ~ 


WRITE 
TO SBUF 


CMOS single-chip 
8-bit microcontroller 
with 
Electromagnetic 
Compatibility 
improvements 


VO[)""O·5 
- 
- 
- 
- 


O·7Voo 
O.45V 
O.2VO[)""O.1 


2. 


4V-V:::: 
V- 


O.45V~~-------~ 


NOTE: 
AC INPUTS 
OURING 
TESTING 
ARE 
ORIVEN 
AT 2.4V 
FOR A LOGIC T AND 0.45V 
FOR A LOGIC 
'0'. TIMING 
MEASUREMENTS 
ARE 
MADE 
AT 2.0V 
FOR A LOGIC 
'1' 
AND O.BV FOR A LOGIC 
'0'. 


NOTE: 
THE 
FLOAT 
STATE 
IS DEFINED 
AS THE 
POINT 
AT WHICH 
A PORT 
0 PIN SINKS 


3.2MA 
OR SOURCES 
400jlS 
AT THE 
VOLTAGE 
TEST 
LEVELS. 


VO[)""O·5 
- 
- 
- 
- 
O·7VOO 
0.45V 
0.2VO[)""O.1 


Figure 10. 
Clock Signal Waveform 
for 100 Tests In Active and Idle Modes 


lcLCH 
= tCHCL 
= 5ns 


Purchase of Philips 12Ccomponents conveys a license under the Philips' 12Cpatent 
to use the components in the 12C system provided the system conforms to the 
12Cspecifications defined by Philips. This specification can be ordered using the 
code 9398 393 40011. 


Philips Semiconductors 


DESCRIPTION 
The Philips 83C748/87C748 
offers the advantages of the 80C51 
architecture in a small package and at low cost. 


The 8XC748 Microcontroller is fabricated with Philips high-density 
CMOS technology. Philips epitaxial substrate minimizes CMOS 
latch-up sensitivity. 


The 8XC748 contains a 2k x 8 ROM (83C748) EPROM (87C748), a 
64 x 8 RAM, 19 I/O lines, a 16-bit auto-reload counter/timer, a 
four-source, fixed-priority level interrupt structure, and an on-chip 
oscillator. 


PO.2Npp 6 


PO.1/0E-PGM 
7 


P3.1/A1/A9 
4 


P3.OIAOIAa 5 


P 1.6IIIITfID6 


Pl.5111'lTll1D5 


FEATURES 


• 80C51 based architecture 


• Small package sizes 


- 
24-pin DIP (300 mil "skinny DIP") 


- 
24-pin Shrink Small Outline Package (SSOP) 


- 
28-pin PLCC 


• 87C748 available in erasable quartz lid or one-time programmable 
plastic packages 


• Wide oscillator frequency range: -3.5 to 16MHz 


26 


25 


PLASTIC 
LEADED 
CHIP 
CARRIER 
11 
19 


12 
18 


Pin 
Function 
Pin 
Function 
, 
P3.41A4 
15 
PUliDO 


2 
P3.31A3 
18 
Pl.l1D1 


3 
P3.2JA2IA10 
'7 
P1.2JD2 


4 
P3.1/Al/A9 
18 
P1.3!D3 


5 
NC' 
19 
P1.4ID4 


8 
P3.OIAOIAa 
20 
P1.5III'lTllID5 


7 
PO.2Npp 
21 
NC' 
8 
PO.1/0E·PGM 
22 
NC' 


9 
PO.OIASEL 
23 
P 1.6IIIITfID6 


10 
NC' 
24 
P1.71T0ID7 


" 


RST 
25 
P3.7/A7 


12 
X2 
26 
P3.6/A6 


13 
Xl 
27 
P3.51AS 


14 
vss 
28 
vcc 


• 00 NOT CONNECT 
SU00295A 


• Low power consumption: 


- 
Normal operation: less than 11mA 
@ 5V. 12MHz 


- 
Idle mode 


- 
Power-down mode 


• 2k x 8 ROM (83C748) 
2k x 8 EPROM (87C748) 


• 64x8 
RAM 


• 16-bit auto reloadable counterltimer 


• Boolean processor 


• CMOS and TTL compatible 


• Well suited for logic replacement, consumer and industrial 
applications 


• LED drive outputs 


ROM 
EPROM' 
TEMPERATURE 
RANGE 'c 
FREQUENCY 
DRAWING 


AND PACKAGE 
MHz 
NUMBER 


P87C748EBF FA 
UV 
o to +70, Ceramic Dual In-line Package 
3.5 to 16 
0586B 


P87C748EFF FA 
UV 
-40 to +85. Ceramic Dual In-line Package 
3.5 to 16 
0586B 


P83C748EBP N 
P87C748EBP N 
OTP 
o to +70, Plastic Dual In-line Package 
3.5 to 16 
SOT222-1 


P83C748EFP N 
P87C748EFP N 
OTP 
-40 to +85, Plastic Dual In-line Package 
3.5 to 16 
SOT222-1 


P83C748EBA A 
P87C748EBA A 
OTP 
o to +70, Plastic Leaded Chip Carrier 
3.5 to 16 
SOT261-3 


P83C74BEFA A 
PB7C748EFA A 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
3.5 to 16 
SOT261-3 


P83C748EBD DB 
P87C748EBD DB 
OTP 
o to +70. Shrink Small Outline Package 
3.5 to 16 
SOT340-1 


NOTE: 
1. OTP = One Time Programmable 
EPROM. 
UV = UV Erasable EPROM. 


,----------------- 
I 
I 
vcclID 
-=-1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


IE 


THO 
no 


RTH 
RTL 


INTERRUPT 
AND 
TIMER 
BLOCKS 


I 
I 
I 
I 
I 
I 
__________ 
....J 


PIN NO. 


MNEMONIC 
DIP/ 
LCC 
TYPE 
NAME AND FUNCTION 
SSOP 


VSS 
12 
14 
I 
Circuit 
Ground 
Potential 


Vcc 
24 
28 
I 
Supply voltage 
during 
normal, 
idle, and power-down 
operation. 


PO.o-PO.2 
8-6 
9-7 
1/0 
Port 0: Port 0 is a 3·bit open-drain, bidirectional port. Port 0 pins that have 1s written to them float, 
and in that state can be used as high-impedance 
inputs. These pins are driven low if the port 
register bit is written with a O.The state of the pin can always be read from the port register by the 
program. 


PO.Oand PO.1 are open drain bidirectional 1/0 pins. While these differ from "standard TTL" 
characteristics, they are close enough for the pins to still be used as general-purpose 
1/0. Port 0 


also provides alternate functions for programming the EPROM memory as follows: 


6 
7 
N1A 
Vpp (PO.2) - Programming voltage input. 


7 
8 
I 
OElPGM (PO.1) - Input which specifies verify mode (output enable) or the program mode. 
OE/PGM = 1 output enabled (verify mode). 
OE/PGM = 0 program mode. 


8 
9 
I 
ASEL (PO.O)- Input which indicates which bits of the EPROM address are applied to port 3. 
ASEL = 0 low address byte available on port 3. 
ASEL = 1 high address byte available on port 3 (only the three least significant bits are used). 


P1.o-P1.7 
13-20 
15--20, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 1 pins that have 1s written 
23,24 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 1 pins 
that are externally pulled low will source current because of the internal pull-ups. (See DC Electrical 
Characteristics: 
IILl. Port 1 serves to output the addressed EPROM contents in the verify mode and 
accepts as inputs the value to program into the selected address during the program mode. Port 1 
also serves the special function features of the 80C51 family as listed below: 


18 
20 
I 
IJilTll (P1.5): External interrupt. 


19 
23 
I 
rnTT (P1.6): External interrupt. 


20 
24 
I 
TO (P1.7): TImer 0 external input. 


P3.o-P3.7 
5--1, 
6,4-1, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s written 
23-21 
27-25 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins 
that are externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: 
IILl. Port 3 also functions as the address input for the EPROM memory location to 


be programmed (or verified). The ii-bit 
address is multiplexed into this port as specified by 


PO.O/ASEL. 


RST 
9 
11 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. 
An internal diffused resistor to Vss permits a power-on RESET using only an external capacitor to 
Vcc. After the device is reset, a 1O-bit serial sequence, sent LSB first, applied to RESET, places 
the device in the programming state allowing programming address, data and Vpp to be applied for 
programming or verification purposes. The RESET serial sequence must be synchronized with the 
Xi input. 


Xi 
11 
13 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 


Xi also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming state. 


X2 
10 
12 
0 
Crystal 2: Output from the inverting oscillator amplifier. 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
--65 to +150 
°C 


Voltage from Vcc to VSS 
-0.5 to +6.5 
V 


Voltage from any pin to Vss (except Vpp) 
-0.5 to Vcc + 0.5 
V 


Power dissipation 
1.0 
W 


Voltage on Vpp pin to Vss 
o to +13.0 
V 


Maximum IOLper I/O pin 
10 
mA 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 
2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


DC ELECTRICAL 
CHARACTERISTICS 
Tamb= O·C to +70·C or-40·C 
to +B5·C, vee = 5V±10%, 
vss = OVl 


LIMITS 
SYMBOL 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
MAX 


VIL 
Input low voltage 
-{).5 
0.2Voo-{)·1 
V 


VIH 
Input high voltage, except Xl, RST 
0.2Vee+0.9 
Vee+0.5 
V 


VIHl 
Input high voltage, Xl, RST 
0.7Vee 
Vee+0.5 
V 


PO.2 


VIL1 
Input low voltage 
-{).5 
0.3Vee 
V 


V1H2 
Input high voltage 
0.7Vee 
Vee+0.5 
V 


VOL 
Output low voltage, ports 1 and 3 
IOL= 1.6mA2 
0.45 
V 


VOL1 
Output low voltage, port 0.2 
IOL=3.2mA2 
0.45 
V 


VOH 
Output high voltage, ports 1 and 3 
IOH= --60flA 
2.4 
V 


IOH= -25flA 
0.75Vee 
V 


IOH= -10flA 
0.9Vee 
V 


Port 0.0 and 0.1 - Drivers 


VOL2 
Output low voltage 
IOL=3mA 
0.4 
V 


Driver, 
receiver 
combined: 
(over Vcc range) 


C 
Capacitance 
10 
pF 


IlL 
Logical 0 input current, ports 1 and 3 
V1N= 0.45V 
-50 
flA 


ITL 
Logical 1 to 0 transition current, ports 1 and 33 
V1N= 2V (0 to 70·C) 
--650 
IlA 


V1N= 2V (-40 to +B5·C) 
-750 
IlA 


III 
Input leakage current, port 0 
0.45 < V1N< Vee 
±10 
IlA 


RRST 
Internal pull-down resistor 
25 
175 
kn 


CIO 
Pin capacitance 
Test freq = 1MHz, 
10 
pF 
Tamb= 25·C 


Ipo 
Power-down current" 
Vee = 2 to Vee max 
50 
IlA 


Vss = OV 


Vpp 
Vpp program voltage (for B7C74B only) 
Vee = SV±10% 
12.5 
13.0 
V 


Tamb= 21·C to 27·C 


Ipp 
Program current (for B7C74B only) 
Vpp = 13.0V 
50 
mA 


Ice 
Supply current (see Figure 2) 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


2. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
10mA 
(NOTE: This is B5·C spec.) 


Maximum IOLper B-bit port: 
26mA 


Maximum totalloL 
for all outputs: 
67mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


3. 
Pins of ports 1 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when V1Nis approximately 
2V . 


. 4. 
Power-down Icc is measured with all output pins disconnected; port 0 = Vcc; X2, Xl n.c.; RST = Vss. 


5. Active Icc is measured with all output pins disconnected; Xl driven with tCLCH,tCHCL= Sns, V1L= Vss + 0.5V, VrH = VCC- 0.5V; X2 n.c.; 
RST = port 0 = VCC. Icc will be slightly higher if a crystal oscillator is used. 
6. 
Idle Icc is measured with all output pins disconnected; Xl driven with !eLCH,!eHCL = Sns, V1L= Vss + O.SV,V1H= VCC- 0.5V; X2 n.c.; 
port 0 = Vce; RST = Vss. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb; O°C to +70°C or-40°C 
to +85°C, Vcc; 
5V ±10%, Vss; 
OV1,2 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltclCl 
Oscillator frequency: 
3,5 
12 
MHz 


3.5 
16 
MHz 


External 
Clock (Figure 1) 


teHCX 
High time 
20 
20 
ns 


telCX 
Low time 
20 
20 
ns 


telCH 
Rise time 
20 
20 
ns 


teHCl 
Fall time 
20 
20 
ns 


NOTES: 
1, Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


2, 
Load capacitance for ports; 
80pF. 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The first character is always 
't' (; time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. The 
designations are: 
C - 
Clock 
D - 
Input data 
H - 
Logic level high 


L - 
Logic level low 


Q - 
Output data 
T-TIme 
V - 
Valid 


X - 
No longer a valid logic level 


Z - 
Float 


ROM CODE SUBMISSION 
When submitting ROM code for the 83C748, the following must be specified: 
1, 2k by1e user ROM data 


ADDRESS 


OOOOHto 07FFH 


CONTENT 


DATA 


BIT(S) 


7:0 


COMMENT 


User ROM Data 


Figure 2. Ice vs. FREQ 
Maximum 
Ice values taken at Vee max and worst 
case temperature. 
Typical Ice values taken at Vee = S.DVand 2SoC. 


Notes Sand 6 refer to DC Electrical 
Characteristics. 


OSCILLATOR 
CHARACTERISTICS 


Xl and X2 are the input and output, respectively, of an inverting 
amplifier which can be configured for use as an on-chip oscillator. 


To drive the device from an external clock source, Xl should be 
driven while X2 is left unconnec1ed. There are no requirements on 
the duty cycle of the external clock signal, because the input to the 
internal clock circuitry is through a divide-by-two flip-flop. However, 
minimum and maximum high and low times specified in the data 
sheet must be observed. 


RESET 
A reset is accomplished 
by holding the RST pin high for at least two 


machine cycles (24 oscillator periods), while the oscillator is running. 
To insure a good power-up reset, the RST pin must be high long 
enough to allow the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At power-up, the voltage on 
Vcc and RST must come up at the same time for a proper start-up. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep while all of the on-chip 
peripherals stay active. The instruction to invoke the idle mode is the 
last instruction executed in the normal operating mode before the 


idle mode is activated. The CPU contents, the on-chip RAM, and all 
of the special function registers remain intact during this mode. The 
idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the interrupt service routine 
and continued), or by a hardware reset which starts the processor in . 
the same manner as a power-on reset. 


POWER·DOWN 
MODE 
In the power-down mode, the oscillator is stopped and the 
instruction to invoke power-down is the last instruction executed. 
Only the contents of the on-chip RAM are preserved. A hardware 
reset is the only way to terminate the power-down mode. the control 
bits for the reduced power modes are in the special function register 
PCON. 


External Pin Status During Idle and 
Power-Down Modes 


MODE 
Port D 
Port 1 
Port 2 


Idle 
Data 
Data 
Data 


Power-down 
Data 
Data 
Data 


DIFFERENCES 
BETWEEN 
THE 8XC748 
AND THE 
80C51 


Memory 
Organization 
The central processing unit (CPU) manipulates operands in two 
address spaces as shown in Figure 3. The part's intemal memory 
space consists of 2k bytes of program memory, and 64 bytes of data 
RAM overlapped with the 12B-byte special function register area. 
The differences from the BOC51 are in RAM size (64 bytes vs. 12B 
bytes), in external RAM access (not available on the B3C74B), in 
internal ROM size (2k bytes vs. 4k bytes), and in external program 
memory expansion (not available on the B3C74B). The 12B-byte 
special function register (SFR) space is accessed as on the BOC51 
with some of the registers having been changed to reflect changes 
in the B3C74B peripheral functions. The stack may be located 
anywhere in internal RAM by loading the B-bit stack pointer (SP). It 
should be noted that stack depth is limited to 64 bytes, the amount 
of available RAM. A reset loads the stack pointer with 07 (which is 
pre-incremented 
on a PUSH instruction). 


Program 
Memory 
On the BXC74B, program ,{,emory is 204B bytes long and is not 
extemally expandable, so the BOC51 instructions MOVX, LJMP, and 
LCALL are not implemented. The only fixed locations in program 
memory are the addresses at which execution is taken up in 
response to reset and interrupts, which are as follows: 
Program 
Memory 
Address 
000 
003 
OOB 
013 
01B 


Event 
Reset 
Extemal JI'I'rn 
Counterltimer 0 
ExtemalmTl 
TImer I 


CounterlTimer 
Subsystem 
The BXC74B has one counterltimer called timer/counter O. Its 
operation is similar to mode 2 operation on the BOC51, but is 
extended to 16 bits with 16 bits of autoload. The controls for this 
counter are centralized in a single register called TCON. 


TImer I is available for use as a fixed 10-bit time-base, or as a 
watchdog. 


Counter 
Timer - Special 
Function 
Register 
The counter/timer has only one mode of operation, so the TMOD 
SFR is not used. There is also only one counter/timer, so there is no 
need for the TL 1 and TH1 SFRs found on the BOC51. These have 
been replaced on the BXC74B by RTL and RTH, the counterltimer 
reload registers. Table 2 shows the special function registers, their 
locations, and reset values. 


Interrupt 
Subsystem 
- Fixed Priority 


The IP register and the 2-level interrupt system of the BOC51 are 
eliminated. Simultaneous interrupt conditions are resolved by a 
single-level, fixed priority as follows: 


Highest priority: 
Pin JI'I'rn 
Counter/timer flag 0 
PinmTl 
Lowest priority: 
TImer I 


Special 
Function 
Register 
- Interrupt 
Subsystem 
Because the interrupt structure is single level on the B3C74B, there 
is no need for the IP SFR, so it is not used. 


Special 
Function 
Register 
- 
Serial Communications 
The BXC74B contains many of the special function registers (SFR) 
that are found on the BOC51. Due to the different peripheral features 
on the BXC74B, there are several additional SFRs. Since the UART 
found on BOC51 has been removed,the 
UART SFRs SCON and 


SBUF have also been removed. 


VO Port Latches 
(PO, P1, P3) 
The port latches function the same as those on the BOC51. Since 
there is no port 2 on the B3C74B, the P2 latch is not used. Port 0 on 
the B3C74B has only 3 bits, so only 3 bits of the PO SFR have a 
useful function. 


Data Pointer 
(DPTR) 
The data pointer (DPTR) consists of a high byte (DPH) and a low 
byte (DPL). In the BOC51 this register allows the access of extemal 
data memory using the MOVX instruction. Since the B3C74B does 
not support MOVX or extemal memory accesses, this register is 
generally used as a 16-bit offset pointer of the accumulator in a 
MOVC instruction. DPTR may also be manipulated as two 
independent B-bit registers. 


Special 
Function 
Registers 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC· 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
El 
EO 
OOH 


B· 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
Fl 
FO 
OOH 


DPTR: 
Data pointer 
(2 bytes) 
OOH 
DPH 
High byte 
83H 


DPL 
Low byte 
82H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE·# 
Interrupt enable 
A8H 
EA 
I 
- 
I 
- 
I 
- 
I 
ETI 
I 
EXl 
I 
ETO I 
EXO 
OOH 


82 
81 
80 


PO·# 
PortO 
80H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
xxxxxlllB 


97 
96 
95 
94 
93 
92 
91 
90 


Pl· 
Port 1 
90H 
TO 
I lNTf I ll'ml 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
FFH 


P3· 
Port 3 
BOH 
B7 
I 
B6 
I 
B5 
I 
B4 
I 
B3 
I 
B2 
I 
Bl 
I 
BO 
FFH 


PCON# 
Power control 
87H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
PD 
I 
IDL 
xxxxxxOOB 


D7 
D6 
D5 
D4 
D3 
D2 
Dl 
DO 


PSW· 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RSl 
I 
RSO I 
OV 
I 
- 
I 
P 
OOH 


SP 
Slack pointer 
81H 
07H 
8F 
8E 
8D 
8C 
8B 
8A 
89 
88 


TCON"# 
TImer/counter control 
88H 
GATE I 
CfT I 
TF 
I 
TR 
I 
IEO 
I 
ITO 
I 
IEl 
I 
ITl 
OOH 


TL# 
TImer low byte 
8AH 
OOH 
TH# 
TImer high byte 
8CH 
OOH 
DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


TICON"# 
TImer I control 
D8H/RD 
- 
I 
- 
I 
0 
I TIRUN I 
- 
I 
- 
I 
- 
I 
- 
OOOOxxOOB 


WR 
- 
I 
- 
I CLRTI I TIRUN I 
- 
I 
- 
I 
- 
I 
- 


RTL# 
TImer low reload 
8BH 
OOH 


RTH# 
TImer high reload 
8DH 
OOH 


VO Port Structure 
The 8XC748 has two 8-bit ports (ports 1 and 3) and one 3-bit port 
(port 0). All three ports on the 8XC748 are bidirectional. Each 
consists of a latch (special function register PO, Pl, P3), an output 
driver, and an input buffer. Three port 1 pins and two port 0 pins are 
multifunctional. 
In addition to being port pins, these pins serve the 
function of special features as follows: 


Port Pin 
Pl.5 
P1.6 


Pl.7 


Alternate 
Function 
INTO (external interrupt 0 input) 
INTl (external interrupt 1 input) 
TO (timer 0 external input) 


Ports 1 and 3 are identical in structure to the same ports on the 
80C51. The structure of port 0 on the 8XC748 is similar to that of the 
80C51 but does not include address/data input and output circuitry. 
As on the 80C51 , ports 1 and 3 are quasi-bidirectional 
while port 0 is 
bidirectional with no internal pullups. 


Timer/Counter 
The 8XC748 has two timers: a 16-bit timer/counter 
and a lQ-bit 
fixed-rate timer. The 16-bit timer/counter's 
operation is similar to 


mode 2 operation on the 80C51 , but is extended to 16 bits. The 
timer/counter 
is clocked by either 1/12 the oscillator frequency or by 


transitions on the TO pin. The CfT pin in special function register 
TCON selects between these two modes. When the TCON TR bit is 
set, the timer/counter is enabled. Register pair TH and TL are 
incremented by the clock source. When the register pair overllows, 
the register pair is reloaded with the values in registers RTH and 
RTL. The value in the reload registers is left unchanged. See the 
83C748 counterltimer 
block diagram in Figure 4. The TF bit in 


special function register TCON is set on counter overllow and, if the 
interrupt is enabled. will generate an interrupt. 


GATE 
- Timer/counter is enabled only when INTO pin is high, 


and TR is 1. 


a 
- Timer/counter is enabled when TR is 1. 


CIT 
1 
- Counterltimer operation from TO pin. 
a 
- Timer operation from intemal clock. 


TF 
1 
- Set on overflow of TH. 
a 
- Cleared when processor vectors to interrupt routine 
and by reset. 


TR 
1 
- Timer/counter enabled. 
a 
- Timer/counter disabled. 


lEa 
1 
- Edge detected in 1JiITll". 


ITa 
1 
- IJiITll" is edge triggered. 


a 
- IJiITll" is level sensitive. 


IE1 
1 
- Edge detected on 1frrT. 


IT1 
1 
- IfrrT 
is edge triggered. 
a 
- IfrrT 
is level sensitive. 


These flags are functionally identical to the corresponding 
80C51 


flags, except that there is only one timer on the 83C748 and the 
flags are therefore combined into one register. 


Note that the positions of the IEO~TOand IEMT1 bits are transposed 
from the positions used in the standard 80C51 TCON register. 


Timer I Implementation 
Timer I is clocked once per machine cycle, which is the oscillator 
frequency divided by 12. The timer operation is enabled by setting 
the TIRUN bit (bit 4) in the 12CFG register. Writing a a into the 
TIRUN bit will stop and clear the timer. The timer is 10 bits wide, and 
when it reaches the terminal count of 1024, it carries out and sets 
the Timer I interrupt flag. An interrupt will occur if the Timer I 
interrupt is enabled by bit ETI (bit 4) of the Interrupt Enable (IE) 
register, and global interrupts are enabled by bit EA (bit 7) of the 
same IE register. 


The vector address for the Timer I interrupt is 1Bhex, and the 
interrupt service routine must start at this address. As with all 8051 
family microcontrollers, 
only the Program Counter is pushed onto 
the stack upon interrupt (other registers that are used both by the 
interrupt service routine and elsewhere must be explicitly saved). 
The Timer I interrupt flag is cleared by setting the CKRTI bit (bit 5 of 
the 11CFG register. For more information, see application note 
AN427. 


Interrupts 
The interrupt structure is a four-source, one-level interrupt system. 
Interrupt sources common to the 80C51 are the extemal interrupts 
(IlilTO,1JilTT) 
ahd the timer/counter 
interrupt (ETa). Timer I interrupt 


(ETI) is the other interrupt source. The interrupt sources are listed 
below in their order of polling sequence priority. 


Upon interrupt or reset the program counter is loaded with specific 
values for the appropriate interrupt service routine in program 
memory. These values are: 


Program 
Memory 
Address 
000 
003 
OOB 
013 
01B 


Event 
Reset 
INTO 
Countermmer 
a 
INT1 
Timer I 


Priority 
Highest 


The interrupt enable register (IE) is used to individually enable or 
disable the four sources. Bit Ell in the interrupt enable register can 
be used to globally enable or disable all interrupt sources. The 
interrupt enable register is described below. All other interrupt details 
are based on the 80C51 interrupt architecture. 


Interrupt 
Enable Register 


Symbol 
Position 
Function 
Ell 
IE.7 
Disables all interrupts. 11EA = 0, no interrupt 
will be acknowledged. 
11EA = 1, each 


interrupt source is individually enabled or 
disabled by setting or clearing its enable bit 


IE.S 
Reserved 
IE.5 
Reserved 
lEA 
Reserved 
ETI 
IE.3 
Enables or disables the Timer I overflow 
interrupt. 11ET1 = 0, the Timer I interrupt is 
disabled. 


EX1 
IE.2 
Enables or disables external interrupt 1. 
11EX1 = 0, external interrupt 1 is disabled. 


ETa 
IE.1 
Enables or disables the Timer a overflow 
interrupt. " ETa = 0, theTimer a interrupt is 
disabled. 


EXO 
IE.O 
Enables or disables external interrupt O. 
" EXO= 0, external interrupt a is disabled. 


87C748 PROGRAMMING CONSIDERATIONS 


EPROM Characteristics 
The 87C748 is programmed by using a modified Quick-Pulse 
Programming algorithm similar to that used for devices such as the 
87C451 and 87C51. It differs from these devices in that a serial data 
stream is used to place the 87C748 in the programming mode. 


Figure 5 shows a block diagram of the programming configuration 
for the 87C748. Port pin PO.2 is used as the programming voltage 
supply input (Vpp signal). Port pin PO.1 is used as the program 
(PGMI) signal. This pin is used for the 25 programming pulses. 


Port 3 is used as the address input for the byte to be programmed 
and accepts both the high and low components of the eleven bit 
address. Multiplexing of these address components is performed 
using the ASEL input. The user should drive the ASEL input high 
and then drive port 3 with the high order bits of the address. ASEL 
should remain high for at least 13 clock cycles. ASEL may then be 
driven low which latches the high order bits of the address intemally. 
the high address should remain on port 3 for at least two clock 
cycles after ASEL is driven low. Port 3 may then be driven with the 
low byte of the address. The low address will be intemally stable 13 
clock cycles later. The address will remain stable provided that the 
low byte placed on port 3 is held stable and ASEL is kept low. Note: 
ASEL needs to be pulsed high only to change the high byte of the 
address. 


Port 1 is used as a bidirectional data bus during programming and 
verify operations. During programming mode, it accepts the byte to 
be programmed. During verify mode, it provides the contents of the 
EPROM location specified by the address which has been supplied 
to Port 3. 


The XTAL 1 pin is the oscillator input and receives the master system 
clock. This clock should be between 1.2 and 6MHz. 


The RESET pin is used to accept the serial data stream that places 
the 87C748 into various programming modes. This pattern consists 
of a 1O-bit code with the LSB sent first. Each bit is synchronized to 
the clock input, X1. 


Programming Operation 
Figures 6 and 7 show the timing diagrams for the programlverify 
cycle. RESET should initially be held high for at least two machine 
cycles. PO.1 (PGMI) and PO.2 (Vpp) will be at VOH as a result of the 
RESET operation. At this point, these pins function as normal 
quasi-bidirectional 
1/0 ports and the programming equipment may 
pUll these lines low. However, prior to sending the 1O-bit code on the 
RESET pin, the programming equipment should drive these pins 
high (VIH). The RESET pin may now be used as the serial data input 
for the data stream which places the 87C748 in the programming 
mode. Data bits are sampled during the clock high time and thus 
should only change during the time that the clock is low. Following 
transmission of the last data bit, the RESET pin should be held low. 


Next the address information for the location to be programmed is 
placed on port 3 and ASEL is used to perform the address 
multiplexing, as previously described. At this time, port 1 functions 
as an output. 


A high voltage Vpp level is then applied to the Vpp input (PO.2). 
(This sets Port 1 as an input port). The data to be programmed into 


the EPROM array is then placed on Port 1. This is followed by a 
series of programming pulses applied to the PGMI pin (PO.1). These 
pulses are created by driving PO.1 low and then high. This pulse is 
repeated until a total of 25 programming pulses have occurred. At 
the conclusion of the last pulse, the PGMI signal should remain high. 


The Vpp signal may now be driven to the VOH level, placing the 
87C748 in the verify mode. (Port 1 is now used as an output port). 
After four machine cycles (48 clock periods), the contents of the 
addressed location in the EPROM array will appear on Port 1. 


The next programming cycle may now be initiated by placing the 
address information at the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, providing the byte to be 
programmed to Port1 and issuing the 26 programming pulses on the 
PGMI pin, bringing Vpp back down to the Vc level and verifying the 
byte. 


Programming 
Modes 
The 87C748 has four programming features incorporated within its 
EPROM array. These include the USER EPROM for storage of the 
application's code, a 16-byte encryption key array and two security 
bits. Programming and verification of these four elements are 
selected by a combination of the serial data stream applied to the 
RESET pin and the voltage levels applied to port pins PO.1 and 
PO.2. The various combinations are shown in Table 3. 


OPERATION 
SERIAL 
PO.l 
PO.2 
CODE 
(PGMI) 
(Vpp) 


Program user EPROM 
296H 
-* 
Vpp 
Verify user EPROM 
296H 
V1H 
VIH 
Program key EPROM 
292H 
-* 
Vpp 
Verify key EPROM 
292H 
VIH 
VIH 
Program security bit 1 
29AH 
-* 
Vpp 
Program security bit 2 
298H 
-* 
Vpp 
Verify security bits 
29AH 
VIH 
V1H 


Encryption 
Key Table 
The 87C748 includes a 16-byte EPROM array that is programmable 
by the end user. The contents of this array can then be used to 
encrypt the program memory contents during a program memory 
verify operation. When a program memory verify operation is 
performed, the contents of the program memory location is 
XNOR'ed with one of the bytes in the 16-byte encryption table. The 
resulting data pattem is then provided to port 1 as the verify data. 
The encryption mechanism can be disable, in essence, by leaving 
the bytes in the encryption table in their erased state (FFH) since 
the XNOR product of a bit with a logical one will result in the original 
bit. The encryption bytes are mapped with the code memory in 
16-byte groups. the first byte in code memory will be encrypted with 
the first byte in the encryption table; the second byte in code 
memory will be encrypted with the second byte in the encryption 
table and so forth up to and including the 16the byte. The encryption 
repeats in 16-byte groups; the 17th byte in the code memory will be 
encrypted with the first byte in the encryption table, and so forth. 


Security Bits 
Two security bits, security bit 1 and security bit 2, are provided to 
limit access to the USER EPROM and encryption key arrays. 
Security bit 1 is the program inhibit bit, and once programmed 
performs the following functions: 
1. Additional programming of the USER EPROM is inhibited. 


2. Additional programming of the encryption key is inhibited. 


3. Verification of the encryption key is inhibited. 


4. 
Verification of the USER EPROM and the security bit levels may 
still be performed. 


(If the encryption key array is being used, this security bit should be 
programmed by the user to prevent unauthorized parties from 
reprogramming the encryption key to all logical zero bits. Such 
programming would provide data during a verify cycle that is the 
logical complement of the USER EPROM contents). 


Security bit 2, the verify inhibit bit, prevents verification of both the 
USER EPROM array and the encryption key arrays. The security bit 
levels may still be verified. 


Programming and Verifying Security Bits 
Security bits are programmed employing the same techniques used 
to program the USER EPROM and KEY arrays using serial data 
streams and logic levels on port pins indicated in Table 3. When 
programming either security bit, it is not necessary to provide 
address or data information to the 87C748 on ports 1 and 3. 


EPROM 
PROGRAMMING 
AND VERIFICATION 


Tamb= 21°C to +27°C, Vcc = 5V ±10%, Vss = OV 


Verification occurs in a similar manner using the RESET serial 
stream shown in Table 3. Port 3 is not required to be driven and the 
results of the verify operation will appear on ports 1.6 and 1.7. 


Ports 1.7 contains the security bit 1 data and is a logical one if 
programmed and a logical zero if erased. Likewise, P1.6 contains 
the security bit 2 data and is a logical one if programmed and a 
logical zero if erased. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have wavelengths in this 
range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. 
For this and secondary 
effects, 


it is recommended 
that an opaque 
label be placed over the 


window. 
For elevated temperature or environments where solvents 


are being used, apply Kapton tape Flourless part number 2345-5 or 
equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-s1cm2. 
Exposing the EPROM to an ultraviolet lamp of 12,OOOIlW/cm2rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


1ltcLCL 
Oscillator/clock frequency 
1.2 
6 
MHz 


tAVGL1 
Address setup to PO.1 (PROG-) 
low 
1OilS + 24teLCL 


IGHAX 
Address hold after PO.1 (PROG-) 
high 
48teLCL 


tOVGL 
Data setup to PO.1 (PROG-) 
low 
38teLCL 


IGHOX 
Data hold after PO.1 (PROG-) 
high 
36teLCL 


tSHGL 
Vpp setup to PO.1 (PROG-) 
low 
10 
Ils 


IGHSL 
Vpp hold after PO.1 (PROG-) 
10 
I!S 


IGLGH 
PO.1 (PROG-) width 
90 
110 
IlS 


tAva~ 
Vpp low (Vcc) to data valid 
48teLCL 


IGHGL 
PO.1 (PROG 
) high to PO.1 (PROG-) 
low 
10 
I!S 


!MASEL 
ASEL high time 
13teLCL 


IHAHLO 
Address hold time 
2teLCL 


tHASET 
Address setup to ASEL 
13teLCL 


tAOSTA 
Low address to valid data 
48teLCL 
NOTE:S 
1. Address should be valid at least 24teLCL before the rising edge of PO.2 (Vpp). 
2. 
For a pure venfy mode, I.e., no program mode in between, tAvav is 14tCLCLmaximum. 


VppNIH VOLTAGE 


SOURCE 


CLKSOURCE 


XTALl -lL 


MIN2 MACHINE 
I. 
CYCLES .1. 


RESET ~ 


,2.751 
~ r- 'SHGL 


1 
1 
LJLJL~---- 


I• 
-I 'MASEL 
'GLGH~ 
-1 r- 'GHGL 
--J 98j!s 
MIN 
~J-----\~ 
_<r=-'-AV-G-L-------'-O!t-S-M-IN---------- 
_ 


'HASErr----+------.: 
I~AHLD 


PORT3 
~ 
HIGHADDRESS 
X=====L=O=W=A=D=D=R=ES=S=================================================~ 
H 
'DVGL 
IGHDXr-+--- 
'AVaV ------1 


DESCRIPTION 
The Philips 83C7 49/87C7 49 offers many of the advantages of the 
80C51 architecture in a small package and at low cost. 


The 8XC749 Microcontroller 
is fabricated with Philips high-density 
CMOS technology. Philips epitaxial substrate minimizes CMOS 
latch-up sensitivity. 


The 8XC749 contains a 2k x 8 ROM (83C749) EPROM (87C749), a 
64 x 8 RAM, 21 I/O lines, a 16-bit auto-reload counter/timer, a 
fixed-priority level interrupt structure, an on-chip oscillator, a five 
channel multiplexed 8-bit AID converter, and an 8-bit PWM output. 


The EPROM version of this device, the 87C749, is also available in 
both quartz-lid erasable and plastic one-time programmable (OTP) 
packages. Once the array has been programmed, it is functionally 
equivalent to the masked ROM 83C749. Thus, unless explicitly 
stated otherwise, all references made to the 83C749 apply equally 
to the 87C749. 


The 83C749 supports two power reduction modes of operation 
referred to as the idle mode and the power-down mode. 


vcc 


P3.51AS 


P3.61A6 


P3.7/A7 


PO.4IPWM 
OUT 


PO.3 


Pl.7fTOID7 


P1.6III'ITi1D6 


P1.5III'lTllID5 


AVec 


AVss 


Pl.41AOC41D4 


Pl.31A0C3ID3 


P1.21ADC2ID2 


26 


25 


11 
19 


12 
18 


Pin 
Function 
Pin 
Function 
1 
P3.4/A4 
15 
P1.21ADC2ID2 


2 
P3.31A3 
16 
Pl.31ADC3ID3 


3 
P3.2JA2JA 
10 
17 
Pl.41ADC4ID4 
, 
P3.1/Al/A9 
18 
AVss 


5 
P3.OIAOIAB 
19 
AVec 


6 
PO.2Npp 
20 
Pl.SITfmlJD5 


7 
PO.1I0E·PGM 
21 
P1.6III'ITi1D6 


8 
PO.OIASEL 
22 
Pl.7rr0lD7 


9 
RST 
23 
PO.3 


10 
X2 
2' 
PO.4IPWM 
OUT 


11 
Xl 
25 
P3.7/A7 


12 
vss 
26 
P3.61A6 


13 
Pl.0/ADCOIDO 
27 
P3.51A5 


1. 
P1.lIADC1/D1 
28 
vcc 


SUOO304 


• Available in erasable quartz lid or One-Time Programmable plastic 
packages 


• 80C51 based architecture 


• Small package sizes 


- 
28-pin DIP 


- 
28-pin Shrink Small Outline Package (SSOP) 


- 
28-pin PLCC 


• Wide oscillator frequency range: 
3.5MHz to 16MHz 


• Low power consumption: 


- 
Normal operation: less than 11mA @ 5V, 12MHz 


- 
Idle mode 


- 
Power-down mode 


• 2k x 8 ROM (83C749) 


EPROM (87C749) 


• 64x8 
RAM 


• 16-bit auto reloadable counter/timer 


• 5-channel 8-bit AID converter 


• 8-bit PWM outputltimer 


• 1O-bit fixed-rate timer 


• Boolean processor 


• CMOS and ITL compatible 


• Well suited for logic replacement, consumer and industrial 
applications 


ROM 
EPROM' 
TEMPERATURE 
RANGE °C 
FREQUENCY 
DRAWING 
AND PACKAGE 
NUMBER 


P87C749EBF FA 
UV 
o to +70, 28-pin Ceramic Dual In-line Package 
3.5 to 16MHz 
0589B 


P87C749EFF FA 
UV 
-40 to +85, 28-pin Ceramic Dual In-line Package 
3.5 to 16MHz 
0589B 


P83C749EBP N 
P87C749EBP N 
OTP 
o to +70, 28-pin Plastic Dual In-line Package 
3.5 to 16MHz 
SOT117-2 


P83C749EFP N 
P87C749EFP N 
OTP 
-40 to +85, 28-pin Plastic Dual In-line Package 
3.5 to 16MHz 
SOT117-2 


P83C749EBA A 
P87C749EBA A 
OTP 
o to +70, 28-pin Plastic Leaded Chip Carrier 
3.5 to 16MHz 
SOT216-3 


P83C749EFA A 
P87C749EFA A 
OTP 
-40 to +85, 28-pin Plastic Leaded Chip Carrier 
3.5 to 16MHz 
SOT216-3 


P83C749EBD DB 
P87C749EBD DB 
OTP 
o to +70, 28-pin Shrink Small Ou~ine Package 
3.5 to 16MHz 
SOT341-1 


,------------- 
I 


1 


vccIID 
-=-1 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


TIMING 


ANO 


CONTROL 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
__________ 
-J 


MNEMONIC 
PIN NO. 
TYPE 
NAME AND FUNCTION 


VSS 
12 
I 
Circuit 
Ground 
Potential. 


Vcc 
28 
I 
Supply voltage 
during 
normal, 
idle, and power-down 
operation. 


PO.o-POo4 
B-6 
1/0 
Port 0: Port 0 is a 5-bit bidirectional port. Port 0.o-PO.2 are open drain. Port 0.o-PO.2 pins that have 
23,24 
1s written to them float, and in that state can be used as high-impedance 
inputs. PO.3-POo4 are 


bidirectional 1/0 port pins with internal pull-ups. These pins are driven low if the port register bit is 
written with a O.The state of the pin can always be read from the port register by the program. Port 0.3 
and 004 have internal pull-ups that function identically to port 3. Pins that have 1s written to them are 
pulled high by the internal pull-ups and can be used as inputs. 


While PO.Oanbd PO.1differ from "standard TTL" characteristics, 
they are close enough for the pins to 


still be used as general-purpose 
1/0. 


6 
I 
Vpp (PO.2) - Programming voltage input. (See Note 2.) 


7 
I 
OElPGM (PO.1) - Input which specifies verify mode (output enable) or the program mode. 
OElPGM = 1 output enabled (verify mode). 
OElPGM = 0 program mode. 
8 
I 
ASEL (PO.O)- Input which indicates which bits of the EPROM address are applied to port 3. 
ASEL = 0 low address byte available on port 3. 
ASEL = 1 high address byte available on port 3 (only the three least significant bits are used). 


P1.o-P1.7 
13-17, 
1/0 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 pins that have 1s written to 
20-22 
them are pulled high by the internal pull-ups and can be used as inputs. PO.3-POo4 pins are 
bidirectional 1/0 port pins with internal pull-ups. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: 
IILl. Port 1 also 


serves the special function features of the SC80C51 family as listed below: 


20 
I 
JRTlj (P1.5): External interrupt. 


21 
I 
INTf (P1.6): External interrupt. 


22 
I 
TO (P1. 7): Timer 0 external input. 


13-17 
I 
ADCO (P1.0)--ADC4 (P1.4): Port 1 also functions as the inputs to the five channel multiplexed AID 
converter. These pins can be used as outputs only if the AID function has been disabled. These pins 
can be used as digital inputs while the AID converter is enabled. 


Port 1 serves to output the addressed EPROM contents in the verify mode and accepts as inputs the 
value to program into the selected address during the program mode. 


P3.o-P3.7 
5-1, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 110 port with internal pull-ups. Port 3 pins that have 1s written to 
27-25 
them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins that are 
externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: 
IILl. Port 3 also functions as the address input for the EPROM memory location to be 


programmed (or verified). The 11-bit address is multiplexed into this port as specified by PO.O/ASEL. 


RST 
9 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running resets the device. An 
internal diffused resistor to Vss permits a power-on RESET using only an external capacitor to Vcc. 
After the device is reset, a 1O-bit serial sequence, sent LSB first, applied to RESET, places the device 
in the programming state allowing programming address, data and Vpp to be applied for programming 
or verification purposes. The RESET serial sequence must be synchronized with the X1 input. 


X1 
11 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. X1 


also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming state. 


X2 
10 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


AVec 1 
19 
I 
Analog supply 
voltage 
and reference 
input. 


AVSS1 
18 
I 
Analog 
supply 
and reference 
ground. 


NOTE: 
1. AVss (reference ground) must be connected to OV (ground). AVec (reference input) cannot differ from Vcc by more than ±O.2V, and must be 
in the range 4.5V to 5.5V. 


2. 
When PO.2 is at or close to 0 volt, it may affect the internal ROM operation. We recommend that PO.2 be tied to Vcc via a small pullup 
(e.g.,2kO). 


OSCILLATOR 
CHARACTERISTICS 


X1 and X2 are the input and output, respectively, of an inverting 
amplifier which can be configured for use as an on-chip oscillator. 


To drive the device from an external clock source, X1 should be 
driven while X2 is left unconnected. There are no requirements on 
the duty cycle of the extemal clock signal, because the input to the 
intemal clock circuitry is through a divide-by-two flip-flop. However, 
minimum and maximum high and low times specified in the data 
sheet must be observed. 


IDLE MODE 
The 8XC749 includes the 80C51 power-down and idle mode 
features. In idle mode, the CPU puts itsell to sleep while all of the 
on-chip peripherals except the AID and PWM stay active. The 
functions that continue to run while in the idle mode are Timer 0, 
Timer I, and the interrupts. The instruction to invoke the idle mode is 
the last instruction executed in the normal operating mode before 
the idle mode is activated. The CPU contents, the on-chip RAM, and 
all of the special function registers remain intact during this mode. 
The idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the interrupt service routine 
and continued), or by a hardware reset which starts the processor in 
the same manner as a power-on reset. Upon powering-up the 
circuit, or eXiting from idle mode, sufficient time must be allowed for 
stabilization of the intemal analog reference voltages before an AID 
conve rsion is started. 


Special 
Function 
Registers 


The special function registers (directly addressable only) contain all 
of the 8XC751 registers except the program counter and the four 
register banks. Most of the 21 special function registers are used to 
control the on-chip peripheral hardware. Other registers include 
arithmetic registers (ACC, B, PSW), stack pointer (SP) and data 
pointer registers (DPH, DPL). Nine of the SFRs are bit addressable. 


Data Pointer 
The data pointer (DPTR) consists of a high byte (DPH) and a low 
byte (DPL). In the 80C51 this register allows the access of extemal 
data memory using the MOVX instruction. Since the 83C749 does 
not support MOVX or extemal memory accesses, this register is 
generally used as a 16-bit offset pointer of the accumulator in a 
MOVC instruction. DPTR may also be manipulated as two 
independent 8-bit registers. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is stopped and the 
instruction to invoke power-down is the last instruction executed. 
Only the contents of the on-chip RAM are preserved. A hardware 
reset is the only way to terminate the power-down mode. The control 
bits for the reduced power modes are in the special function register 
PCON. 


Table 1. External 
Pin Status 
During Idle and 
Power-Down 
Modes 


MODE 
Port o· 
Port 1 
Port 2 


Idle 
Data 
Data 
Data 
Power-down 
Data 
Data 
Data 


DIFFERENCES 
BETWEEN 
THE 8XC749 
AND THE 
80C51 


Program 
Memory 
On the 8XC749, program memory is 2048 bytes long and is not 
externally expandable, so the 80C51 instructions MOVX, 
WMP, and 
LCALL are not implemented. II these instructions are executed, the 
appropriate number of instruction cycles will take place along with 
extemal fetches; however, no operation will take place. The LJMP 
may not respond to all program address bits. The only fixed 
locations in program memory are the addresses at which execution 
is taken up in response to reset and interrupts, which are as follows: 


Program Memory 
Address 
000 
003 
OOB 
013 
01B 
02B 
033 


Event 
Reset 
External TfiITlj 
Counterltimer 0 
Extemal TfiIif 
Timer I 
ADC 
PWM 


Memory 
Organization 
The 8XC749 manipulates operands in three memory address 
spaces. The first is the program memory space which contains 
program instructions as well as constants such as look-up tables. 
The program memory space contains 2k bytes in the 8XC749. 


The second memory space is the data memory array which has a 
logical address space of 128 bytes. However, only the first 64 (0 to 
3FH) are implemented in the 8XC749. 


The third memory space is the special function register array having 
a 128-byte address space (80H to FFH). Only selected locations in 
this memory space are used (see Table 2). Note that the 
architecture of these memory spaces (internal program memory, 
internal data memory, and special function registers) is identical to 
the 80C51 , and the 8XC749 varies only in the amount of memory 
physically implemented. 


The 8XC749 does not directly address any extemal data or program 
memory spaces. For this reason, the MOVX instructions in the 
80C51 instruction set are not implemented in the 83C749, nor are 
the altemate 1/0 pin functions "RU and WR. 


VO Ports 
The 1/0 pins provided by the 83C749 consist of port 0, port 1, and 
port 3. 


Port 0 
Port 0 is a 5-bit bidirectional 1/0 port and includes altemate functions 
on some pins of this port. Pins PO.3 and POA are provided with 
internal pullups while the remaining pins (PO.O,PO.1, and PO.2) have 
open drain output structures. The alternate function for port PO.4 is 
PWMoutput. 


II the altemate function PWM is not being used, then this pin may be 
used as an 1/0 port. 


ALTERNATE 
ALTERNATE 
OUTPUT 
READ 
OUTPUT 
FUNCTION 
LATCH 
FUNCTION 
Vee 


INTERNAL 
PULL·UP 
0 
a 
INT. BUS 
0 
a 


P1.X 
P1.X 
po.x 


LATCH 
PIN 
LATCH 


CL 
a 
WRITE 
TO 
CL 
a 
LATCH 


Port 1 
Port 1 is an 8-bit bidirectional I/O port whose structure is identical to 
the 80C51 , but also includes alternate input functions on all pins. 
The alternate pin functions for port 1 are: 


P1.0-P1 A - ADCO-ADC4 - AID converter analog inputs 
P1.5 fIilTO - external interrupt 0 input 
P1.6 TfITf - external interrupt 1 input 
P1.7 - TO - timer 0 external input 


If the alternate functions fIilTO, TfITf, or TO are not being used, these 
pins may be used as standard I/O ports. It is necessary to connect 
AVcc and AVss to Vcc and Vss, respectively, in order to use P1.5, 
P1.6, and P1.7 pins as standard I/O pins. When the AID converter is 
enabled, the analog channel connected to the AID may not be used 
as a digital input; however, the remaining analog inputs may be used 
as digital inputs. They may not be used as digital outputs. While the 
AID is enabled, the analog inputs are floating. 


Port 3 
Port 3 is an 8-bit bidirectional I/O port whose structure is identical to 
the 80C51. Note that the alternate functions associated with port 3 
of the 80C51 have been moved to port 1 of the 83C749 (as 
applicable). See Figure 1 for port bit configurations. 


CounterfTimer 
SUbsystem 
The 8XC749 has one counter/timer called timer/counter O. Its 
operation is similar to mode 2 operation on the 80C51 , but is 
extended to 16 bits with 16 bits of autoload. The controls for this 
counter are centralized in a single register called TCON. 


Timer I Implementation 
Timer I is clocked once per machine cycle, which is the oscillator 
frequency divided by 12. The timer operation is enabled by setting 
the TIRUN bit (bit 4) in the 12CFG register. Writing a 0 into the 
TIRUN bit will stop and clear the timer. The timer is 10 bits wide, and 
when it reaches the terminal count of 1024, it carries out and sets 
the Timer I interrupt flag. An interrupt will occur if the Timer I 
interrupt is enabled by bit ETI (bit 4) of the Interrupt Enable (IE) 
register, and global interrupts are enabled by bit EA (bit 7) of the 
same IE register. 


The vector address for the Timer I interrupt is 1Bhex, and the 
interrupt service routine must start at this address. As with all 8051 
family microcontrollers, 
only the Program Counter is pushed onto 


the stack upon interrupt (other registers that are used both by the 


interrupt service routine and elsewhere must be explicitly saved). 
The Timer I interrupt flag is cleared by setting the CKRTI bit (bit 5 of 
the i1CFG register. For more information, see application note 
AN427. 


Interrupt 
Subsystem-Fixed 
Priority 


The IP register and the 2-level interrupt system of the 80C51 are 
eliminated. The interrupt structure is a seven-source, 
one-level 


interrupt system similar to the 8XC751. Simultaneous interrupt 
conditions are resolved by a single-level, fixed priority as follows: 
Highest priority: 
Pin fIilTO 
Counter/timer flag 0 
Pin TfITf 
PWM 
Timer I 
Lowest priority: 
ADC 


The vector addresses are as follows: 


Source 
INTO 
TFO 
INT1 
TIMER I 
ADC 
PWM 


Vector Address 
0003H 
OOOBH 
0013H 
001BH 
002BH 
0033H 


Interrupt 
Control 
Registers 
The 80C51 interrupt enable register is modified to take into account 
the different interrupt sources of the 8XC749. 


Interrupt 
Enable Register 


MSB 


Position 
Symbol 
IE.7 
EA 
IE.6 
EAD 
IE.5 
ETI 
lEA 
IE.3 
IE.2 
IE.1 
IE.O 


Function 
Global interrupt disable when EA ; 0 
AID conversion complete 
Timer I 


EPWM 
EX1 
ETO 
EXO 


PWM counter overflow 
External interrupt 1 
Timer 0 overflow 
External interrupt 0 


Pulse Width 
Modulation 
Output 
(PO.4) 


The PWM outputs pulses of programmable length and interval. The 
repetition frequency is defined by an B·bit prescaler which generates 
the clock for the counter. The prescaler register is PWMP. The 
prescaler and counter are not associated with any other timer. The 
B-bij counter counts modulo 255, that is from 0 to 254 inclusive. The 
value of the B-bij counter is compared to the contents of a compare 
register, PWM. When the counter value matches the contents of this 
register, the output of the PWM is set high. When the counter reaches 
zero, the output of the PWM is set low. The pulse width ratio (duty 
cycle) is defined by the contents of the compare register and is in the 
range of 0 to 1 programmed in increments of 1/255. The PWM output 
can be set to be continuously high by loading the compare register 
with 0 and the output can be set to be continuously low by loading the 
compare register with 255. The PWM output is enabled by a bij in a 
special function register, PWENA. When enabled, the pin output is 
driven with a fully active pull-up. That is, when the output is high, a 
strong pUll-up is continuously applied. When disabled, the pin 
functions as a normal bidirectional I/O pin, however, the counter 
remains active. 


The PWM function is disabled during RESET and remains disabled 
after reset is removed until re-enabled by software. The PWM output 
is high during power down and idle. The counter is disabled during 
idle. The repetition frequency of the PWM is given by: 


fPWM= fose /2 (1 + PWMP) 255 


The lowlhigh ratio of the PWM signal is PWM / (255 - PWM) for 
PWM not equal to 255. For PWM = 255, the output is always low. 


The repetition frequency range is 92Hz to 23.5kHz for an oscillator 
frequency of 12MHz. 


An interrupt will be asserted upon PWM counter overfiow if the 
interrupt is not masked off. 


The PWM output is an altemative function of POA. In order to use 
this port as a bidirectional 
110 port, the PWM output must be 


disabled by clearing the enable/disable bit in PWENA. In this case, 
the PWM subsystem can be used as an interval timer by enabling 
the PWM interrupt. 


Special 
Function 
Register 
Addresses 
Special function registers for the BXC749 are identical to those of 
the BOC51, except for the changes listed below: 


BOC51 special function registers not present in the BXC749 are 
TMOD (B9), P2 (AO) and IP (BB). Additional special function 
registers are ADCON (AO), ADAT (B4), PWM (BE), PWMP (BF), and 
PWENA(FE). 


AID Converter 
The analog input circuitry consists of a 5-input analog multiplexer and 
an A to D converter with B-bit resolution. The conversion takes 40 
machine cycles, i.e., 40Jls at 12MHz oscillator frequency. The AID 
converter is controlled using the ADCON control register. Input 
channels are selected by the analog multiplexer through ADCON 
register bits 0--2. 


The B3C749 contains a five-channel multiplexed B-bit AID converter. 
The conversion requires 40 machine cycles (40Jls at 12MHz 
oscillator frequency). 


The AID converter is controlled by the AID control register, ADCON. 
Input channels are selected by the analog multiplexer by bits 
ADCON.O through ADCON.2. The ADCON register is not bit 
addressable. 


ADCON Register 


MSB 
lSB 


ADCS I MOR2 IMORl I MORa I 


ADCI 
o 
o 
1 


ADCS 
o 
1 
o 


Operation 
ADC not busy, a conversion can be started. 
ADC busy, start of a new conversion is blocked. 
Conversion completed, start of a new conversion is 
blocked. 
Not possible. 


INPUT CHANNEL SELECTION 


ADDR2 
ADDR1 
ADDRO 
INPUT PIN 


0 
0 
0 
P1.0 


0 
0 
1 
P1.1 


0 
1 
0 
P1.2 


0 
1 
1 
P1.3 


1 
0 
0 
P1A 


Function 
Enable AID function when ENADC = 1. Reset 
forces ENADC = O. 
ADC interrupt flag. This flag is set when an 
ADC conversion is complete. If IE.6 = 1, an 
interrupt is requested when ADCI = 1. The 
ADCI flag is cleared when conversion data is 
read. This flag is read only. 
ADC start. Selting this bit starts an AID 
conversion. Once set, ADCS remains high 
throughout the conversion cycle. On 
completion of the conversion, it is reset just 
before the ADCI interrupt flag is cleared. 
ADCS cannot be reset by software. ADCS 
should not be used to monitor the AID 
converter status. ADCI should be used for this 
purpose. 
Analog input select. 
Analog input select. 
Analog input select. This binary coded 
address selects one of the five analog input 
port pins of P1 to be input to the converter. It 
can only be changed when ADCI and ADCS 
are both low. AADR2 is the most significant 
bit. 


The completion of the B-bit ADC conversion is flagged by ADCI in 
the ADCON register, and the result is stored in the special function 
register ADAT. 


ADCON.2 
AADR2 
ADCON.1 
AADR1 
ADCON.O 
AADRO 


An ADC conversion in progress is unaffected by an ADC start. The 
result of a completed conversion remains unaffected provided ADCI 
remains at a logic 1. While ADCS is a logic 1 or ADCI is a logic 1, a 
new ADC START will be blocked and consequently lost. An ADC 
conversion in progress is aborted when the idle or power-down 
mode is entered. The result of a completed conversion (ADCI = logic 
1) remains unaffected when entering the idle mode. See Figure 2 for 
an AID input equivalent circuit. 


The analog input pins ADCO-ADC4 may be used as digital inputs 
and outputs when the AID converter is disabled by a 0 in the 
ENADC bit in ADCON. When the AID is enabled, the analog input 
channel that is selected by the ADDR2·ADDRO bits in ADCON 
cannot be used as a digital input. Reading the selected AID channel 
as a digital input will always return a 1. The unselected AID inputs 


may always be used as digital inputs. Unselected analog inputs will 
be floating and may not be used as digital outputs. 


The AID reference inputs on the 8XC749 are tied together with the 
analog supply pins AVec and AVss. This means that the reference 
voltage on the AID cannot be varied separately from the analog 


supply pins. AVss must be connected to OV and AVec must be 
connected to a supply voltage between 4.5V and 5.5V. AID 
measurements 
may be made in the range of 4.5V to 5.5V. 


Increasing the vo~age on the AID ground reference above OV or 
reducing the voltage on the positive AID reference below 4.5V is not 
permitted. 


Table 2. 
8XC749 Special Function Registers 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
P.ORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


ADAT# 
AID resu~ 
84H 
OOH 


ADCON# 
AID control 
AOH 
AADRO 
COH 


B' 
B register 
FOH 
F7 
F6 
F4 
FO 
OOH 


DPTR: 
Data pointer 
(2 bytes) 
DPL 
Data pointer low 
82H 
OOH 
DPH 
Data pointer high 
83H 
OOH 


AF 
A8 


IE'# 
Interrupt enable 
A8H 
EA 
EXO 
OOH 


80 


PO'# 
PortO 
80H 
xxx11111B 


97 
90 
FFH 


P1'# 
Port 1 
90H 
TO 
ADCO 


P3' 
Port 3 
BOH 
B7 
BO 
FFH 


PCON# 
Power control 
87H 
IDL 
xxxxOOOOB 


D7 
DO 


PSW' 
Program status word 
DOH 
CY 
P 
OOH 


PWCM# 
PWMcompare 
8EH 
xxxxxxxxB 


PWENA# 
PWMenable 
FEH 
PWE 
FEH 


PWMP# 
PWM prescaler 
8FH 
OOH 


RTL# 
Timer low reload 
8BH 
OOH 


RTH# 
Timer high reload 
8DH 
OOH 


SP 
Stack pointer 
81H 
07H 


TL# 
Timer low 
8AH 
OOH 


TH# 
Timer high 
8CH 
OOH 


DF 
DE 
DD 
D8 


TICON'# 
Timer I control 
D8H/RD 
OOOOxxOOB 


WR 


8F 
88 


TCON'# 
Timer control 
88H 
GATE 
In 
OOH 
, 
SFRs are bit addressable. 
# 
SFRs are modified from or added to the 80C51 SFRs. 


r------, 
I· 
• 
I 
I • 
I 
I 
I 
I SmN+l 
RmN+l I 


IN+l~ 
__ 
~I~/_---'V'I'r-_f--+ 
_ 
I 
I 
I SmN 
RmN 
I 


I 
I 
I.. 
.J 


Muttlplexer 


Rm = 0.5 - 3 kQ 
CS + CC = 15pF maximum 
RS = Recommended 
< 9.6 kQ for 1 LSB @ 12MHz 


NOTE: 
Because the analog to digital converter has a sampled-data comparator, the input looks capacitive to a source. When a conversion 
is initiated, switch Sm closes for Btcy (BIlS @ 12MHz crystal frequency) during which time capacitance Cs + Cc is charged. It should 
be noted that the sampling causes the analog input to present a varying load to an analog source. 


AID CONVERTER 
PARAMETER 
DEFINITIONS 
The following definitions are included to clarify some specifications 
given and do not represent a complete set of AID parameter 
definitions. 


Absolute 
Accuracy 
Error 
Absolute accuracy error of a given output is the difference between 
the theoretical analog input voltage to produce a given output and 
the actual analog input voltage required to produce the same code. 
Since the same output code is produced by a band of input voltages, 
the "required input voltage" is defined as the midpoint of the band of 
input voltage that will produce that code. Absolute accuracy error 
not specified with a code is the maximum over all codes. 


Nonlinearity 
If a straight line is drawn between the end points of the actual 
converter characteristics 
such that zero offset and full scale errors 
are removed, then non-linearity is the maximum deviation of the 
code transitions of the actual characteristics 
from that of the straight 
line so constructed. This is also referred to as relative accuracy and 
also integral non-linearity. 


Differential 
Non-Linearity 
Differential non-linearity is the maximum difference between the 
actual and ideal code widths of the converter. The code widths are 
the differences expressed in LSB between the code transition 
points, as the input voltage is varied through the range for the 
complete set of codes. 


Gain Error 
Gain error is the deviation between the ideal and actual analog input 
voltage required to cause the final code transition to a full-scale 
output code after the offset error has been removed. This may 
sometimes be referred to as full scale error. 


Offset 
Error 
Offset error is the difference between the actual input voltage that 
causes the first code transition and the ideal value to cause the first 
code transition. This ideal value is 1/2 LSB above V,ef-. 


Channel 
to Channel 
Matching 
Channel to channel matching is the maximum difference between 
the corresponding code transitions of the actual characteristics 
taken from different channels under the same temperature, voltage 
and frequency conditions. 


Crosstalk 
Crosstalk is the measured level of a signal at the output of the 
converter resulting from a signal applied to one deselected channel. 


Total Error 
Maximum deviation of any step point from a line connecting the ideal 
first transition point to the ideal last transition point. 


Relative 
Accuracy 
Relative accuracy error is the deviation of the ADC's actual code 
transition points from the ideal code transition points on a straight 
line which connects the ideal first code transition point and the final 
code transition point, after nUllifying offset error and gain error. It is 
generally expressed in LSBs or in percent of FSR. 


Preliminary specification 


COUNTERfTIMER 
The BXC749 counterltimer 
is designated TImer 0 and is separate 
from TImer I and from the PWM. Its operation is similar to mode 2 of 
the BOC51 counter/timer, extended to 16 bits. When TImer 0 is used 
in the extemal counter mode, the TO input (P1.7) is sampled every 
S4P1. The counterltimer 
function is controlled using the timer control 
register (TCON). 


TCON Register 


MSB 
I GATE I 
CIT I 
IT 


Function 


1 - TImer 0 is enabled only when INTO pin is 
high and TR is 1. 
o - TImer 0 is enabled only when TR is 1. 
1 - Counter operation from TO pin. 
0- 
TImer operation from internal clock. 
1 - Set on overflow of TO. 
0- 
Cleared when processor vectors to interrupt 
routine and by reset. 


1 - Enable timer 0 
0- 
Disable timer 0 
1 - Edge detected on INTO 
1 - INTO is edge triggered. 
o - INTO is level sensitive. 
1 - Edge detected on INT1 
1 - INT1 is edge triggered. 
o - INT1 is level sensitive. 


These flags are functionally identical to the corresponding 
BOC51 
flags except that there is only one of the BOC51 style timers, and the 
flags are combined into one register. 


Note that the positions of the IEO/ITOand IE1/IT1 bits are 
transposed from the positions used in the standard BOC51 TCON 
register. 


TImer I may be used as a fixed time base timer or watchdog timer. 


TImer TO is a 16-bit autoreloadable timer/counter, that operates 
similar to mode 2 operation on the BOC51, but is extended to 16 bits. 
The timer/counter is clocked by either 1/12 the oscillator frequency 
or by transitions on the TO pin. The CIT bit in special function 
register TCON selects between these two modes. When the TCON 
TR bit is set, the timer/counter 
is enabled. Register pair TH and TL 


are incremented by the clock source. When the register pair 
overflows, the register pair is reloaded with the values in registers 
RTH and RTL. The value in the reload registers is left unchanged. 
The TF bit in special function register TCON is set on counter 
overflow and, if the interrupt is enabled, will generate an interrupt 
(see Figure 3). 


PARAMETER 
RATING 
. 
UNIT 


Storage temperature range 
-65 to +150 
·C 


Voltage from Vcc to Vss 
-0.5 to +6.5 
V 


Voltage from any pin to Vss (except Vpp) 
-0.5 to Vcc + 0.5 
V 


Power dissipation 
1.0 
W 


Voltage from Vpp pin to Vss 
-0.5 to + 13.0 
V 


DC ELECTRICAL 
CHARACTERISTICS 
Tamb= DoCto +70°C or -40°C to +B5°C, AVec = 5V ±5, AVss = OV4 
Vee = 5V ± 10%, Vss = OV 


TEST 
L1MITS4 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typl 
MAX 
UNIT 


Ice 
Supply current (see Figure 6) 


Inputs 


VIL 
Input low voltage 
(0 to 70 


DC) 
-{),5 
0,2Ve~·1 
V 
(-40 to +B5 


DC) 
-{).5 
0.2Ve~·15 
V 


VIH 
Input high voltage, except Xl, 
RST 
(0 to 70 


DC) 
0.2Vee+0.9 
Vee+0.5 
V 
(0.2Vee+1) 
(-40 to +B5 


DC) 
Vee+0.5 
V 


VIH1 
Input high voltage, Xl, RST 
(0 to 70 


DC) 
O·7Vee 
Vee+0.5 
V 
(-40 to +B5 


DC) 
O·7VeetoO.l 
Vee+0.5 
V 


PO.2 


VIL1 
Input low voltage 
(0 to 70 


DC) 
-{).5 
0.3Vee 
V 
(-40 to +B5°C) 
-{).5 
0.3Ve~·1 
V 
VIH2 
Input high voltage 
(0 to 70 


DC) 
0.7Vee 
Vee+0.5 
V 
(-40 to -85DC) 
0.7Vee+0.1 
Vee+0.5 


Outputs 


Output low voltage, ports 1, 3, 0.3, and 0.4 


IOL= 1.6mA2 
VOL 
(PWM disabled) 
0.45 
V 


VOL1 
Output low voltage, port 0.2 
IOL= 3.2mA2 
0.45 
V 


Output high voltage, ports 1,3,0.3, 
and 0.4 


VOH 
(PWM disabled) 
'OH= -60lJ,A, 
2.4 
V 
IOH= -25lJ,A 
0.75Vee 
V 


IOH= -10lJ,A 
0.9Vee 
V 


IOH= -400lJ,A 
2.4 
V 


VOH2 
Output high voltage, PO.4 (PWM enabled) 
IOH=-40lJ,A 
0.9Vee 
V 


Port 0.0 and 0.1 - Drivers 
IOL=3mA 


VOL2 
Output low voltage 
(over Vee range) 
0.4 
V 
Driver, receiver combined: 
C 
Capacitance 
10 
pF 


IlL 
Logical 0 input current, 
V1N= 0.45V (0 to 70 


DC) 
-50 
lJ,A 
ports 1,3,0.3, 
and 0.4 (PWM disabled)11 
V1N= O.45V(0 to +85 
DC) 
-75 
lJ,A 


ITL 
Logical 1 to 0 transition current, 
VIN = 2V (0 to 70 


DC) 
-650 
lJ,A 
ports 1, 3, 0.3 and 0.411 
VIN = 2V (-40 to +B5°C) 
-750 
lJ,A 


III 
Input leakage current, port 0.0, 0.1 and 0.2 
0.45 < VIN < Vee 
±10 
lJ,A 


RRST 
Reset pull-down resistor 
25 
175 
kn 


CIO 
Pin capacitance 
Test Ireq = 1MHz, 
10 
pF 


Tamb= 25 


DC 


'pD 
Power-down currents 
Vee = 2to 5.5V 
50 
lJ,A 


Vee = 2 to 6.0V 


(B3C749) 


Vpp 
Vpp program voltage (B7C749 only) 
Vss= 
OV 
12.5 
13.0 
V 


Vee = 5V±10% 
Tamb= 21 


DC to 27 


DC 


Ipp 
Program current (B7C749 only) 
Vpp = 13.0V 
50 
mA 


Analog Inputs 
(NO guaranteed only with quartz window covered.) 


AVec 
Analog supply voltage 10 
AVec = Vec±O·2V 
4.5 
5.5 
V 


Alec 
Analog operating supply current 
AVec = 5.12V 
39 
mA 


AVIN 
Analog input voltage 
AVss-{)·2 
AVee+0.2 
V 


CIA 
Analog input capacitance 
15 
pF 


tADS 
Sampling time 
B!cv 
s 


tADe 
Conversion time 
40!cv 
s 


DC ELECTRICAL 
CHARACTERISTICS 
(Continued) 


Tamb= O°C to +70°C or -40°C to +85°C, AVcc = 5V ±5, AVss = OV4 
Vcc = 5V ± 10%, Vss = OV 


TEST 
LIMITS· 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typl 
MAX 
UNIT 


Analog Inputs (AID guaranteed only with quartz window covered.) (Continued) 


R 
Resolution 
8 
bits 


ERA 
Relative accuracy 
±1 
LSB 


OS. 
Zero scale offset 
±1 
LSB 


Ge 
Full scale gain error 
.' 
0.4 
% 


MCTC 
Channel to channel matching 
±1 
LSB 


Ct 
Crosstalk 
o-100kHz 
--60 
dB 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 


of this specification is not implied. 
2. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
10mA 
(NOTE: This is 85°C spec.) 
Maximum IOLper 8-bit port: 
26mA 
Maximum total IOLfor all outputs: 
67mA 
If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
4. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
5. 
Power-down Icc is measured with all output pins disconnected; port 0 = Vcc; X2, Xl n.c.; RST = Vss. 
6. 
Icc is measured with all output pins disconnected; Xl driven with !eLCH, !eHCL= 5ns, V1L= Vss + 0.5V, VIH = VCC- 0.5V; X2 n.c.; 
RST = port 0 = VCC. Icc will be slightly higher if a crystal oscillator is used. 
7. 
Idle Icc is measured with all output pins disconnected; Xl driven with !eLCH, !eHCL = 5ns, VIL = Vss + 0.5V, VIH = Vcc - 0.5V; X2 n.c.; 
port 0 = VCC' RST = Vss. 
8. 
Load capaciiance for ports = 80pF. 
9. The resistor ladder network is not disconnected in the power down or idle modes. Thus, to conserve power, the user may remove AVcc. 
10.11the AID function is not required, or if the AID function is only needed periodically, AVcc may be removed without affecting the operation of 
the digital circuitry. Contents of ADCON and ADAT are not guaranteed to be valid. II AVcc is removed, the AID inputs must be lowered to 
less than 0.5V. Digital inputs on Pl.o-Pl.4 
will not function normally. 
11. These parameters do not apply to Pl.o-Pl.4 
if the AID function is enabled. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°Cto +70°C or -40°C to +85°C, Vcc = 5V ±10%, Vss = OV4,8 


16MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


l/!eLCL 
Oscillator frequency: 
3.5 
I 
16 
MHz 


External 
Clock (Figure 4) 


!eHCX 
High time 
20 
20 
ns 


!eLCX 
Low time 
20 
20 
ns 


!eLCH 
Rise time 
20 
20 
ns 


!eHCL 
Fall time 
20 
20 
ns 


EXPLANATION 
OF THE AC SYMBOLS 
Each timing symbol has five characters. The first character is always 
't' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. 
The designations are: 
C- 
Clock 


D - 
Input data 
H - 
Logic level high 


L - 
Logic level low 
Q - 
Output data 
T - 
Time 
V - 
Valid 
X - 
No longer a valid logic level 
Z - 
Float 


0.2 Vcc + 0.9 


O.2Vcc-O.1 


x'---_ 
~I 


vcc-o.s-x 


O.45V -----..1. . 


Figure 6. Ice vs. FREQ 
Maximum 
Ice values taken at Vee = 5.5V and worst 
case temperature. 
Typical Ice values taken at Vee = 5.0V and 25°C. 


Notes 6 and 7 refer to AC Electrical 
Characteristics. 


PROGRAMMING 
CONSIDERATIONS 


EPROM 
Characteristics 
The B7C749 is programmed by using a modified Quick-Pulse 
Programming algorithm similar to that used for devices such as the 
B7C451 and B7C51. It differs from these devices in that a serial data 
stream is used to place the B7C749 in the programming mode. 


Figure 7 shows a block diagram of the programming configuration 
for the B7C749. Port pin PO.2 is used as the programming voltage 
supply input (Vpp signal). Port pin PO.l is used as the program 
(PGMI) signal. This pin is used for the 25 programming pulses. 


Port 3 is used as the address input for the byte to be programmed 
and accepts both the high and low components of the eleven bit 
address. Multiplexing of these address components is performed 
using the ASEL input. The user should drive the ASEL input high 
and then drive port 3 with the high order bits of the address. ASEL 
should remain high for at least 13 clock cycles. ASEL may then be 
driven low which latches the high order bits of the address internally. 
The high address should rernain on port 3 for at least two clock 
cycles after ASEL is driven low. Port 3 may then be driven with the 
low byte of the address. The low address will be internally stable 13 
clock cycles later. The address will remain stable provided that the 
low byte placed on port 3 is held stable and ASEL is kept low. Note: 
ASEL needs to be pulsed high only to change the high byte of the 
address. 


Port 1 is used as a bidirectional data bus during programming and 
verify operations. During programming mode, it accepts the byte to 
be programmed. During verify mode, it provides the contents of the 
EPROM location specified by the address which has been supplied 
to Port 3. 


The XTAL 1 pin is the oscillator input and receives the master system 
clock. This clock should be between 1.2 and 6MHz. 


The RESET pin is used to accept the serial data stream that places 
the B7C749 into various programming modes. This pattem consists 
of a 1O-bit code with the LSB sent first. Each bit is synchronized to 
the clock input, Xl. 


Programming 
Operation 
Figures Band 9 show the timing diagrams for the programlverify 
cycle. RESET should initially be held high for at least two machine 
cycles. PO.l (PGMI) and PO.2 (Vpp) will be at VOH as a result of the 
RESET operation. At this point, these pins function as normal 
quasi-bidirectional 
1/0 ports and the programming equipment may 
pull these lines low. However, prior to sending the 1O-bit code on the 
RESET pin, the programming equipment should drive these pins 
high (VIH). The RESET pin may now be used as the serial data input 
for the data stream which places the B7C749 in the programming 
mode. Data bits are sampled during the clock high time and thus 
should only change during the time that the clock is low. Following 
transmission of the last data bit, the RESET pin should be held low. 


Next the address information for the location to be programmed is 
placed on port 3 and ASEL is used to perform the address 
multiplexing, as previously described. At this time, port 1 functions 
as an output. 


A high voltage Vpp level is then applied to the Vpp input (PO.2). 
(This sets Port 1 as an input port). The data to be programmed into 
the EPROM array is then placed on Port 1. This is followed by a 
series of programming pulses applied to the PGMI pin (PO.l). These 
pulses are created by driving PO.l low and then high. This pulse is 


repeated until a total of 25 programming pulses have occurred. At 
the conclusion of the last pulse, the PGMI signal should remain high. 


The Vpp signal may now be driven to the VOH level, placing the 
B7C749 in the verify mode. (Port 1 is now used as an output port). 
After four machine cycles ~4Bclock periods), the contents of the 
addressed location in the EPROM array will appear on Port 1. 


The next programming cycle may now be initiated by placing the 
address information at the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, providing the byte to be 
programmed to Portl and issuing the 26 programming pulses on the 
PGMI pin, bringing Vpp back down to the Vc level and verifying the 
byte. 


Programming 
Modes 


The B7C749 has four programming features incorporated within its 
EPROM array. These include the USER EPROM for storage of the 
application's code, a 16-byte encryption key array and two security 
bits. Programming and verification of these four elements are 
selected by a combination of the serial data stream applied to the 
RESET pin and the voltage levels applied to port pins PO.l and 
PO.2. The various combinations are shown in Table 3. 


Encryption 
Key Table 
The 87C749 includes a 16-byte EPROM array that is programmable 
by the end user. The contents of this array can then be used to 
encrypt the program memory contents during a program memory 
verify operation. When a program memory verify operation is 
performed, the contents of the program memory location is 
XNOR'ed with one of the bytes in the 16-byte encryption table. The 
resulting data pattern is then provided to port 1 as the verify data. 
The encryption mechanism can be disable, in essence, by leaving 
the bytes in the encryption table in their erased state (FFH) since 
the XNOR product of a bit with a logical one will result in the original 
bit. The encryption bytes are mapped with the code memory in 
16-byte groups. the first byte in code memory will be encrypted with 
the first byte in the encryption table; the second byte in code 
memory will be encrypted with the second byte in the encryption 
table and so forth up to and including the 16the byte. The encryption 
repeats in 16-byte groups; the 17th byte in the code memory will be 
encrypted with the first byte in the encryption table, and so forth. 


Security 
Bits 
Two security bits, security bit 1 and security bit 2, are provided to 
limit access to the USER EPROM and encryption key arrays. 
Security bit 1 is the program inhibit bit, and once programmed 
performs the folloWing functions: 
1. Additional programming of the USER EPROM is inhibited. 


2. 
Additional programming of the encryption key is inhibited. 


3. 
Verification of the encryption key is inhibited. 


4. 
Verification of the USER EPROM and the security bit levels may 
still be performed. 


(If the encryption key array is being used, this security bit should be 
programmed by the user to prevent unauthorized parties from 
reprogramming the encryption key to all logical zero bits. Such 
programming would provide data dUring a verify cycle that is the 
logical complement of the USER EPROM contents). 


Security bit 2, the verify inhibit bit, prevents verification of both the 
USER EPROM array and the encryption key arrays. The security bit 
levels may still be verified. 


Programming 
and Verifying 
Security 
Bits 


Security bits are programmed employing the same techniques used 
to program the USER EPROM and KEY arrays using serial data 
streams and logic levels on port pins indicated in Table 3. When 
programming either security bit, it is not necessary to provide 
address or data information to the 87C749 on ports 1 and 3. 


Verification occurs in a similar manner using the RESET serial 
stream shown in Table 3. Port 3 is not required to be driven and the 
results of the verify operation will appear on ports 1.6 and 1.7. 


Ports 1.7 contains the security bit 1 data and is a logical one if 
programmed and a logical zero if erased. Likewise, P1.6 contains 
the security bit 2 data and is a logical one if programmed and a 
logical zero if erased. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have wavelengths in this 
range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. 
For this and secondary 
effects, 
it is recommended 
that an opaque 
label be placed over the 


window. 
For elevated temperature or environments where solvents 


are being used, apply Kapton tape Flourtess part number 2345-5 
or 


equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an .integrated dose of at least 15W·seclcm2. 
Exposing the EPROM to an ultraviolet lamp of 12,000uW/cm2 rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


Erasure leaves the array in an all 1s state. 


OPERATION 
SERIAL CODE 
PO.1 (PGMI) 
PO.2 (Vpp) 


Program user EPROM 
296H 
-. 
Vpp 


Verify user EPROM 
296H 
VIH 
VIH 
Program key EPROM 
292H 
_. 
Vpp 
Verify key EPROM 
292H 
VIH 
VIH 
Program security bit 1 
29AH 
_. 
Vpp 


Program security bit 2 
298H 
_. 
Vpp 
Verify security bits 
29AH 
VIH 
VIH 


EPROM 
PROGRAMMING 
AND VERIFICATION 


Tamb= 21°C to +27°C, Vcc = 5V ±10%, vss = OV 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


1ltcLCL 
Oscillator/clock frequency 
1.2 
6 
MHz 


tAVGL' 
Address setup to PO.1 (PROG-) 
low 
1OilS + 24teLCL 


IGHAX 
Address hold after PO.1 (PROG-) high 
48teLCL 


tOVGL 
Data setup to PO.1 (PROG-) 
low 
38teLCL 


tOVGL 
Data setup to PO.1 (PROG-) 
low 
38teLCL 


IGHOX 
Data hold after PO.1 (PROG-) 
high 
36teLCL 


lsHGL 
Vpp setup to PO.1 (PROG-) 
low 
10 
Ils 


IGHSL 
Vpp hold after PO.1 (PROG-) 
10 
l!S 


IGLGH 
PO.1 (PROG-) width 
90 
110 
IlS 


tAvav2 
Vpp low (VCC)to data valid 
48teLCL 


IGHGL 
PO.1 (PROG-) 
high to PO.1 (PROG-) low 
10 
l!S 


tSYNL 
PO.O(sync pulse) low 
4teLCL 


tSYNH 
PO.O(sync pulse) high 
8teLCL 


tMASEL 
ASEL high time 
13teLCL 


tMAHLO 
Address hold time 
2teLCL 


!HASET 
Address setup to ASEL 
13teLCL 


tADSTA 
Low address to address stable 
13teLCL 


NOTES: 
1. Address should be valid at least 24teLCL before the rising edge of PO.2 (Vpp). 
2. 
For a pure verify mode, i.e., no program mode in between, tAvav is 14teLCL maximum. 


VppNIHVOLTAGE 
SOURCE 


CLKSOURCE 


XTAL1 n 
--.J 
L 


1 


MIN 2 MACHINE 
I_ 
CYCLES.1. 
r-~ 


RESET--.J 


12.751 
~ r- 'SHGL 
\SV 


~ 
'GHSL 


I 
I 
L~JLJ~---- 


-I I- 'GHGL 
I_ 'GLGH·I 


9Bj.1SMIN 
I.•'MASEL~I 


_--I 
\ -------------------------------------- 


r- IHASE+--1 
'HAHLD 


PORT3 =:x 
HIGHADDRESS X,..---LO-W-A-D-DR-E-S-S--------------------------- 


~--------------------------------- 


H'DVGL 
'GHDXr-+---- 
'AVQV--l 


DESCRIPTION 
The Philips Semiconductors 
TPM749 is a small package, low cost, 
ROM-coded 80C51 with IBM®'s TrackPoint'" 
pointing algorithms 
and control code. TrackPoint is the result of years of human factors 
research and innovation at IBM. The result is a "velocity sensitive" 
pointing solution more efficient and easier to use than "position 
sensitive" devices such as the mouse, the trackball, or the touchpad. 


IBM has licensed Philips Semiconductors to sell microcontrollers 
with TrackPoint code. By purchasing a TPM from Philips, the 
purchaser becomes a sub-licensee of Philips. The selling price of 
Philips' TPM includes the royalties for IBM's intellectual property, 
which Philips in turn pays to IBM. Customers for TPMs do not need 
to sign any licensing agreement with either IBM or Philips. This code 
is the intellectual property of IBM, which is covered by numerous 
patents, and must be treated accordingly. 


The TPM is fabricated with Philips high-density CMOS technology. 
Philips epitaxial substrate minimizes CMOS latch-up sensitivity. 


The TPM contains a 2k x 8 ROM, a 64 x 8 RAM, 21 I/O lines, a 
16-bit auto-reload counterltimer, a fixed-priority level interrupt 
structure, an on-chip oscillator, a five channel multiplexed 8-bit AID 
converter, and an 8-bit PWM output. 


The TPM supports two power reduction modes of operation referred 
to as the idle mode and the power-down mode. 


• 80C51 based architecture 


• Small package sizes 
- 
28-pin Shrink Small Outline Package (SSOP) 


- 
28-pin PLCC 


• Low power consumption: 
- 
Normal operation: less than 11mA @ 5V, 12MHz 


- 
Idle mode 


- 
Power-down mode 


• 2kx8 
ROM 


·64x8RAM 


• 16-bit auto reloadable counter/timer 


• 5-channel 8-bit AID converter 


• 8-bit PWM outpuVtimer 


• 1O-bit fixed-rate timer 


• CMOS and TIL compatible 


vcc 


P3.51AS 


P3.61A6 


P3.7/A7 


PO.4IPWM 
OUT 


PO.3 


Pl.7rr0lD7 


P'.6I1I'ITl1D6 


P1.5JlIilTOI05 


AVec 


AVss 


P' .4/A0C4/04 


P'.31ADC3ID3 


P1.2JAOC2ID2 


26 


25 


" 
'9 


12 
'8 


Pin 
Function 
Pin 
Function 
, 
P3.4/M 
'5 
P' .2JADC2JD2 


2 
P3.31A3 
'6 
P'.31ADC3ID3 


3 
P3.2JA2JA'0 
'7 
P' 
.4/ADC4/04 


4 
P3.1/A1/A9 
18 
AVss 


5 
P3.OIAOIA8 
19 
AVec 
8 
PO.2 
20 
P'.5IIJ'ITllI05 


7 
PO.1IOE 
2' 
P'.6I1I'ITl1D6 


8 
PO.OIASEL 
22 
P1.7rr0l07 


9 
RST 
23 
PO.3 


10 
X2 
24 
PO.4IPWM 
OUT 
" 
X, 
25 
P3.7/A7 


'2 
vss 
26 
P3.61A6 


'3 
P'.OIAOCOIOO 
27 
P3.51A5 


14 
P'.1IADC11D, 
28 
vcc 


SU00692A 


ORDERING CODE 
TEMPERATURE 
RANGE AND PACKAGE 
DRAWING NUMBER 


PTPM749A 
o to +70°C, Plastic Leaded Chip Carrier 
SOT261-3 


PTPM749 DB 
o to +70°C, Shrink Small Ouline Package 
SOT341·1 


COMPANY 
CONTACT 
TELEPHONE 


Bokam Engineering 
Ms. Jane Kamenster 
(714)513-2200 


CTS Corporation 
Mr. Dave Poole 
(219)589-7169 


MNEMONIC 
PIN NO. 
TYPE 
NAME AND FUNCTION 


VSS 
12 
I 
Circuit 
Ground 
Potential. 


Vcc 
28 
I 
Supply voltage 
during 
normal, 
idle, and power-down 
operation. 


PO.o-PO.4 
8-6 
110 
Port 0: Port a is a 5-bit bidirectional port. Port 0.o-PO.2 are open drain. Port 0.o-PO.2 pins that have 
23,24 
1s written to them float, and in that state can be used as high-impedance 
inputs. PO.3-PO.4 are 


bidirectional 
110 port pins with internal pull-ups. These pins are driven low if the port register bit is 


written with a O.The state of the pin can always be read from the port register by the program. Port 0.3 
and 0.4 have internal pull-ups that function identically to port 3. Pins that have 1s written to them are 
pulled high by the internal pull-ups and can be used as inputs. 


While PO.Oanbd PO.1 differ from "standard TTL" characteristics, 
they are close enough for the pins to 


still be used as general-purpose 
110. 


G 
I 
Vpp (PO.2) - Programming voltage input. 


7 
I 
OE (PO.1) - Input which specifies verify mode (output enable). 
DE = 1 output enabled (verify mode). 
8 
I 
ASEL (PO.O)- Input which indicates which bits of the EPROM address are applied to port 3. 
ASEL = a low address byte available on port 3. 
ASEL = 1 high address byte available on port 3 (only the three least significant bits are used). 


P1.o-P1.7 
13-17, 
110 
Port 1: Port 1 is an 8-bit bidirectional 
110 port with internal pull-ups. Port 1 pins that have Is written to 
20-22 
them are pulled high by the internal pull-ups and can be used as inputs. PO.3-PO.4 pins are 
bidirectional 110 port pins with internal pull-ups. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: 
IILl. Port 1 also 


serves the special function features of the SC80C51 family as listed below: 
20 
I 
INTO (P1.5): External interrupt. 


21 
I 
lRTf 
(P1.6): External interrupt. 


22 
I 
TO (P1. 7): Timer a external input. 


13-17 
I 
ADCO (P1.0)--ADC4 (P1.4): Port 1 also functions as the inputs to the five channel multiplexed AID 
converter. These pins can be used as outputs only if the AID function has been disabled. These pins 
can be used as digital inputs while the AID converter is enabled. 


Port 1 serves to output the addressed EPROM contents in the verify mode and accepts as inputs the 
value to program into the selected address during the program mode. 


P3.o-P3.7 
5-1, 
110 
Port 3: Port 3 is an 8-bit bidirectional 
110 port with internal pull-ups. Port 3 pins that have 1S written to 
27-25 
them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins that are 
externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: 
IILl. Port 3 also functions as the address input for the EPROM memory location to be 


programmed (or verified). The l1-bit address is multiplexed into this port as specified by PO.O/ASEL. 


RST 
9 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running resets the device. An 
internal diffused resistor to Vss permits a power-on RESET using only an external capacitor to Vcc. 
After the device is reset, a la-bit serial sequence, sent LSB first, applied to RESET, places the device 
in the programming state allowing programming address, data and Vpp to be applied for programming 
or verification purposes. The RESET serial sequence must be synchronized with the Xl input. 


Xl 
11 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. Xl 


also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming state. 


X2 
10 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


AVec 1 
19 
I 
Analog 
supply 
voltage 
and reference 
input. 


AVss' 
18 
I 
Analog 
supply 
and reference 
ground. 


NOTE: 
1. AVss (reference ground) must be connected to OV (ground). AVec (reference input) cannot differ from Vcc by more than ±O.2V, and must be 
in the range 4.5V to 5.5V. 


MANUFACTURER: 
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1. 
CONNECT 
BUTTON 
3 SIGNAL 
TO GND 
IF MIDDLE 
BUTTON 
USED. 


2. 
CONNECT 
INVERTX 
SIGNAL 
TO GND IF BOKAM 
SENSOR 
USED. 


3. 
01 
MAY BE REPLACED 
WITH A JUMPER 
IF POWER 
DRAW 
IS NOT A CONCERN. 


CS. C6 MAY THEN 
BE INCREASED 
TO A MAXIMUM 
OF 39OOpF. 


4. 
R9. R10 MAY BE INCREASED 
IF CABLE 
TO SYSTEM 
BOARD 
IS SHORT. 


5. 
.SV, 
GND CONNECTIONS 
TO SYSTEM 
SUPPLY 
SHOULD 
BE FROM A SINGLE 
POINT CONNECTION. 


6. 
THIS 
CIRCUIT 
CAN 
ONLY 
BE USED 
WHEN 
OVERALL 
STICK 
RESISTANCE 
HAS PRODUCTION 
VARIATIONS 
WITHIN 
5%. 


READ 


ALTERNATE 


OUTPUT 


LATCH 
FUNCTION 
VDD 


INTERNAL 
PULL-UP 


INT. BUS 
D 
Q 


P1.X 
POX 


PIN 
LATCH 


WRITE 
TO 
CL 
0 
LATCH 


OSCILLATOR 
CHARACTERISTICS 


X1 and X2 are the input and output, respectively, of an inverting 
amplifier which can be configured for use as an on-chip oscillator. 


To drive the device from an external clock source, X1 should be 
driven while X2 is left unconnected. There are no requirements on 
the duty cycle of the extemal clock signal, because the input to the 
internal clock circuitry is through a divide-by-two flip-flop. However, 
minimum and maximum high and low times specified in the data 
sheet must be observed. 


IDLE MODE 
The TPM includes the 80C51 power-down and idle mode features. 
In idle mode, the CPU puts itself to sleep while all of the on-chip 
peripherals except the AID and PWM stay active. The functions that 
continue to run while in the idle mode are TImer 0, TImer I, and the 
interrupts. The instruction to invoke the idle mode is the last 
instruction executed in the normal operating mode before the idle 
mode is activated. The CPU contents, the on-chip RAM, and all of 
the special function registers remain intact during this mode. The 
idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the intenrupt service routine 
and continued), or by a hardware reset which starts the processor in 
the same manner as a power-on reset. Upon powering-up the 
circuit, or exiting from idle mode, sufficient time must be allowed for 
stabilization of the intemal analog reference voltages before an AID 
conversion is started. 


POWER-DOWN 
MODE 


In the power-down mode, the oscillator is stopped and the 
instruction to invoke power-down is the last instruction executed. 
Only the contents of the on-chip RAM are preserved. A hardware 
reset is the only way to terminate the power-down mode. The control 
bits for the reduced power modes are in the special function register 
PCON. 


Table 1. External 
Pin Status 
During Idle and 
Power-Down 
Modes 


MODE 
Port O· 
Port 1 
Port 2 


Idle 
Data 
Data 
Data 


Power-down 
Data 
Data 
Data 


ALTERNATE 


OUTPUT 
FUNCTION 


VO Ports 
The 1/0 pins provided by the TPM consist of port 0, port 1, and 
port 3. 


Port 0 
Port 0 is a 5-bit bidirectional 
1/0 port and includes altemate functions 


on some pins of this port. Pins PO.3 and POA are provided with 
intemal pullups while the remaining pins (PO.O,PO.1, and PO.2) have 
open drain output structures. The altemate tunction for port POA is 
PWMou1pul. 


If the alternate function PWM is not being used, then this pin may be 
used as an 1/0 port. 


Port 1 
Port 1 is an 8-bit bidirectional 1/0 port whose structure is identical to 
the 80C51, but also includes alternate input functions on all pins. 
The alternate pin functions for port 1 are: 


P1.0-P1.4 - ADCO-ADC4 - AID converter analog inputs 
P1.5 JNrn - external interrupt 0 input 
P1.61li1Tf - external interrupt 1 input 
P1.7 - TO - timer 0 external input 


If the altemate functions lNTli, 1liITf, or TO are not being used, these 
pins may be used as standard 1/0 ports. It is necessary to connect 
AVec and AVss to Vcc and Vss, respectively, in order to use P1.5, 
P1.6, and P1.7 pins as standard 1/0 pins. When the AID converter is 
enabled, the analog channel connected to the AID may not be used 
as a digital input; however, the remaining analog inputs may be used 
as digital inputs. They may not be used as digital outputs. While the 
AID is enabled, the analog inputs are floating. 


Port 3 
Port 3 is an 8-bit bidirectional 1/0 port whose structure is identical to 
the 80C51. Note that the alternate functions associated with port 3 
of the 80C51 have been moved to port 1 of the TPM (as applicable). 
See Figure 1 for port bit configurations. 
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Multiplexer 


Rm=O.5 
-3 kQ 
CS + CC = 15pF maximum 
RS = Recommended 
< 9.6 kQ for 1 LSB 
@ 12MHz 
'(••. 


NOTE: 
Because the analog to digital converter has a sampled-data comparator, the input looks capacitive to a source. When a conversion 
is initiated, switch Sm closes for 8tcy (81ls @ 12MHz crystal frequency) during which time capacitance Cs + Cc is charged. It should 
be noted that the sampling causes the analog input to present a varying load to an analog source. 


AID CONVERTER 
PARAMETER 
DEFINITIONS 


The following definitions are included to clarify some specifications 
given and do not represent a complete set of AID parameter 
definitions. 


Absolute 
Accuracy 
Error 
Absolute accuracy error of a given output is the difference between 
the theoretical analog input voltage to produce a given output and 
the actual analog input voltage required to produce the same code. 
Since the same output code is produced by a band of input voltages, 
the "required input voltage" is defined as the midpoint of the band of 
input voltage that will produce that code. Absolute accuracy error 
not specified with a code is the maximum over all codes. 


Nonlinearity 
If a straight line is drawn between the end points of the actual 
converter characteristics 
such that zero offset and full scale errors 


are removed, then non-linearity is the maximum deviation of the 
code transitions of the actual characteristics from that of the straight 
line so constructed. This is also referred to as relative accuracy and 
also integral non-linearity. 


Differential 
Non-Linearity 
Differential non-linearity is the maximum difference between the 
actual and ideal code widths of the converter. The code widths are 
the differences expressed in LSB between the code transition 
points, as the input voltage is varied through the range for the 
complete set of codes. 


Gain Error 
Gain error is the deviation between the ideal and actual analog input 
voltage required to cause the final code transition to a full-scale 
output code after the offset error has been removed. This may 
sometimes be referred to as full scale error. 


Offset 
Error 
Offset error is the difference between the actual input voltage that 
causes the first code transition and the ideal value to cause the first 
code transition. This ideal value is 1/2 LSB above Vref-. 


Channel 
to Channel 
Matching 
Channel to channel matching is the maximum difference between 
the corresponding code transitions of the actual characteristics 
taken from different channels under the same temperature, 
voltage 


and frequency conditions. 


Crosstalk 
Crosstalk is the measured level of a signal at the output of the 
converter resulting from a signal applied to one deselected channel. 


Total Error 
Maximum deviation of any step point from a line connecting the ideal 
first transition point to the ideal last transition point. 


Relative 
Accuracy 
Relative accuracy error is the deviation of the ADC's actual code 
transition points from the ideal code transition points on a straight 
line which connects the ideal first code transition point and the final 
code transition point, after nullifying offset error and gain error. It is 
generally expressed in LSBs or in percent of FSR. 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
'C 


Voltage from Vee to Vss 
-0.5 to +6.5 
, 
V 


Voltage from any pin to Vss (except Vpp) 
-0.5 to Vee + 0.5 
V 


Power dissipation 
1.0 
W 


Voltage from Vpp pin to Vss 
-0.5 to + 13.0 
V 


DC ELECTRICAL 
CHARACTERISTICS 
Tamb= O'C to +70'C, AVec = 5V ±S, AVss = OV4 
Vee = 5V ± 10%, Vss = OV 


TEST 
L1MITS4 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typ1 
MAX 
UNIT 


lec 
Supply current (see Figure 5) 


Inputs 


VIL 
Input low voltage 
-0.5 
0.2VeC-O·1 
V 


VIH 
Input high voltage, except Xl, RST 
0.2Vee+0.9 
Vee+0.5 
V 


VIH1 
Input high voltage, Xl, RST 
O·7Vee 
Vee+0.5 
V 


PO.2 


VIL1 
Input low voltage 
-0.5 
0.3Vee 
V 


VIH2 
Input high voltage 
O·7Vee 
Vee+0.5 
V 


Outputs 


Output low voltage, ports 1,3, 0.3, and 0.4 
VOL 
(PWM disabled) 
IOL= 1.6mA2 
0.45 
V 


VOLl 
Output low voltage, port 0.2 
IOL= 3.2mA2 
0.45 
V 


Output high voltage, ports 1, 3, 0.3, and 0.4 
VOH 
(PWM disabled) 
IOH= -6011A, 
2.4 
V 


IOH=-2511A 
0.75Vee 
V 


'OH=-1011A 
0.9Vee 
V 
IOH= -40011A 
2.4 
V 


VOH2 
Output high voltage, PO.4 (PWM enabled) 
IOH= -4011A 
0.9Vee 
V 


Port 0.0 and 0.1 - Drivers 
IOL=3mA 


VOL2 
Output low voltage 
(over Vee range) 
0.4 
V 
Driver, receiver combined: 
C 
Capacitance 
10 
pF 


IlL 
Logical 0 input current, 
VIN = 0.45V 
-50 
,.A 
ports 1, 3, 0.3, and 0.4 (PWM disabled)11 


ITL 
Logical 1 to 0 transition current, 
VIN=2V 
-650 
I1A 
ports 1, 3, 0.3 and 0.411 


III 
Input leakage current, port 0.0, 0.1 and 0.2 
0.45 < VIN < Vee 
±10 
,.A 


RRST 
Reset pull-down resistor 
25 
175 
k.Q 


CIO 
Pin capacitance 
Test freq = 1MHz, 
10 
pF 
Tamb= 25'C 


Ipo 
Power-down currentS 
Vee = 2 to 5.5V 
50 
,.A 
Vee = 2 to 6.0V 


DC ELECTRICAL 
CHARACTERISTICS 
(Continued) 
Tamb; O·C to +70·C, AVec; 
5V ±5, AVss; 
OV4 
Vee; 
5V ± 10%, Vss; 
OV 


TEST 
L1MITS4 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typl 
MAX 
UNIT 


Analog 
Inputs (AID guaranteed only with quartz window covered.) 


AVec 
Analog supply voltage 10 
AVcc; 
Vec±O·2V 
4.5 
5.5 
V 


Alec 
Analog operating supply current 
AVee;5.12V 
39 
mA 


AVIN 
Analog input voltage 
AVss-o·2 
AVce+0.2 
V 


CIA 
Analog input capacitance 
15 
pF 


tADS 
Sampling time 
B!cv 
s 


tADC 
Conversion time 
40!cv 
s 


Analog 
Inputs (AID guaranteed only with quartz window covered.) (Continued) 


R 
Resolution 
B 
bits 


ERA 
Relative accuracy 
±1 
lSB 
as. 
Zero scale offset 
±1 
lSB 


G. 
Full scale gain error 
0.4 
% 


MCTe 
Channel to channel matching 
±1 
LSB 


Ct 
Crosstalk 
D-100kHz 
-60 
dB 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 


of this specification is not implied. 
2. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
10mA 
Maximum IOLper B-bit port: 
26mA 


Maximum total IOLfor all outputs: 
67mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 
3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


4. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
5. 
Power-down lec is measured with all output pins disconnected; port 0; 
Vee; X2, X1 n.c.; RST; 
Vss. 
6. 
Icc is measured with all output pins disconnected; X1 driven with !cLCH, !cHCL; 
5ns, VIL; 
Vss + 0.5V, VIH; 
Vee - 0.5V; X2 n.c.; 


RST; 
port 0; 
Vec. Ice will be slightly higher if a crystal oscillator is used. 
7. 
Idle Icc is measured with all output pins disconnected; X1 driven with !cLCH, !cHCL; 
5ns, VIL ; Vss + 0.5V, VIH; 
Vee - 0.5V; X2 n.c.; 
port 0; 
Vce: RST; 
Vss. 


B. load capacitance for ports; 
BOpF. 


9. 
The resistor ladder network is not disconnected in the power down or idle modes. Thus, to conserve power, the user may remove AVcc. 


10.1f the AID function is not required, or if the AID function is only needed periodically, AVec may be removed without affecting the operation of 


the digital circuitry. Contents of ADCON and ADAT are not guaranteed to be valid. If AVcc is removed, the AID inputs must be lowered to 
less than 0.5V. Digital inputs on P1.D-P1.4 will not function normally. 
11. These parameters do not apply to P1.D-P1.4 if the AID function is enabled. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb = O°Cto +70°C, vcc = 5V ±10%, vss = OV4,8 


12MHzCLOCK 
VARIABLE CLOCK 


SYMBOL 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltclCl 
Oscillator frequency: 
-~? 
3.5 
12 
MHz 


External Clock (Figure 3) 


teHCX 
High time 
20 
20 
ns 


telCX 
Low time 
20 
20 
ns 


telCH 
Rise time 
20 
20 
ns 


teHCl 
Fall time 
20 
20 
ns 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The first character is always 
~. (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. The 
designations are; 
C - Clock 
D - 
Input data 
H - 
Logic level high 
L - 
Logic level low 
Q - 
Output data 
T - Time 
V - Valid 
X - 
No longer a valid logic level 
Z - 
Float 


0.2 vcc +0.9 


O.2Vcc-O.1 


VCC-o·5 -----..x 


O.45V 
------. 
• 
x__ 


22 


MAX ACTIVE 
ICC6 


20 


18 


16 


14 


IccmA 
12 


10 
TYP ACTIVE 
ICC6 


Figure 5. Ice vs. FREQ 
Maximum 
Ice values taken at Vec = 5.5V and worst 
case temperature. 


Typical Ice values taken at Vee = 5.0V and 25°C. 


Notes 6 and 7 refer to AC Electrical 
Characteristics. 


Philips 
Semiconductors 


DESCRIPTION 
The Philips BXC750 offers the advantages of the BOC51 architecture 
in a small package and at low cost. 


The BXC750 Microcontroller 
is fabricated with Philips high-density 
CMOS technology. Philips epitaxial substrate minimizes CMOS 
latch-up sensitivity. 


The B7C750 contains a 1k x B EPROM, a 64 x B RAM, 191/0 lines, 
a 16-bit auto-reload counterltimer, a five-source, fixed-priority level 
interrupt structure and an on-chip oscillator. 
PO.2Npp 
6 


PO.1/0E-PGM 
7 


P1.7fT0ID7 


P1.6IIl'lTI1D6 


P1.5J11IT01D5 


• BOC51 based architecture 


• Wide oscillator frequency range-up 
to 40MHz 


• Small package sizes 


- 
24-pin DIP (300 mil "skinny DIP") 


- 
24-pin Shrink Small Outline Package 


- 
2B-pin PLCC 


• B7C750 available in erasable quartz lid or one-time programmable 


plastic packages 


• Low power consumption: 


- 
Normal operation: less than 11mA @ 5V, 12MHz 


- 
Idle mode 


- 
Power-down mode 


• 1k x B EPROM (B7C750) 


·64xBRAM 


• 16-bit auto reloadable counterltimer 


• Boolean processor 


• CMOS and ITL compatible 


• Well suited for logic replacement, consumer and industrial 


applications 


• LED drive outputs 


26 


0 
25 


PLASTIC 
LEADED 


CHIP 


CARRIER 
11 
'9 


12 
'6 


Pin 
Function 
Pin 
Function 


1 
P3.4/A4 
15 
PUliDO 


2 
P3.31A3 
16 
P1.11D1 


3 
P3.2/A2/A10 
17 
P1.2ID2 


4 
P3.lIAlIA9 
16 
P1.31D3 


5 
NC' 
'9 
P1.4ID4 


6 
P3.OIAOIAB 
20 
P 1.5J11ITOID5 


7 
PO.2Npp 
2' 
NC' 


6 
PO.1/0E·PGM 
22 
NC' 


9 
PO.OIASEL 
23 
P'.6IIl'lTI1D6 


'0 
NC' 
24 
P1.7fT0I07 


11 
RST 
25 
P3.7/A7 


'2 
X2 
26 
P3.6/A6 


'3 
X, 
27 
P3.51A5 


'4 
vss 
26 
vcc 


• DO NOT 
CONNECT 
SUOO295A 


ROM 
EPROM' 
TEMPERATURE 
RANGE °C AND PACKAGE 
FREQUENCY 
DRAWING 
NUMBER 


PB7C750EBF FA 
UV 
o to +70, Ceramic Dual In-line Package 
3.5 to 16MHz 
05B6B 


PB7C750EFF FA 
UV 
-40 to +B5, Ceramic Dual In-line Package 
3.5 to 16MHz 
05B6B 


PB3C750EBP N 
PB7C750EBP N 
OTP 
o to +70, Plastic Dual In-line Package 
3.5 to 16MHz 
SOT222-1 


PB3C750EFP N 
PB7C750EFP N 
OTP 
-40 to +B5, Plastic Dual In-line Package 
3.5 to 16MHz 
SOT222-1 


PB3C750EBA A 
PB7C750EBA A 
OTP 
o to +70, Plastic Lead Chip Carrier 
3.5 to 16MHz 
SOT261-3 


PB3C750EFA A 
PB7C750EFA A 
OTP 
-40 to +B5, Plastic Lead Chip Carrier 
3.5 to 16MHz 
SOT261-3 


PB3C750EBD DB 
PB7C750EBD DB 
OTP 
o to +70, Shrink Small Outline Package 
3.5 to 16MHz 
SOT340-1 


PB3C750PBP N 
PB7C750PBP N 
OTP 
o to +70, Plastic Dual In-line Package 
3.5 to 40MHz 
SOT222-1 


PB3C750PFP N 
PB7C750PFP N 
OTP 
-40 to +B5, Plastic Dual In-line Package 
3.5 to 40MHz 
SOT222-1 


PB3C750PBA A 
PB7C750PBA A 
OTP 
o to +70, Plastic Lead Chip Carrier 
3.5 to 40MHz 
SOT261-3 


PB3C750PFA A 
PB7C750PFA A 
OTP 
-40 to +B5, Plastic Lead Chip Carrier 
3.5 to 40MHz 
SOT261-3 


PB7C750PBF FA 
UV 
o to +70, Ceramic Dual In-line Package 
3.5 to 40MHz 
05B6B 


PB7C750PFF FA 
UV 
-40 to +B5, Ceramic Dual In-line Package 
3.5 t040MHz 
05B6B 


NOTE: 
1. OTP = One Time Programmable 
EPROM. 
UV = UV Erasable EPROM. 
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INTERRUPT 
AND 
TIMER 
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TIMING 
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CONTROL 


I 
I 


1 


1 


1 


1 
__________ 
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PIN NO. 


MNEMONIC 
DIP/ 
LCC 
TYPE 
NAME AND FUNCTION 
SSOP 


VSS 
12 
14 
I 
Circuit 
Ground 
Potential 


Vcc 
24 
28 
I 
Supply 
voltage 
during 
normal, idle, and power-elown 
operation. 


PO.0-PO.2 
8-6 
9-7 
I/O 
Port 0: Port 0 is a 3-bit open-drain, bidirectional port. Port 0 pins that have 1s written to them float. 
and in that state can be used as high-impedance inputs. These pins are driven low if the port register 
bit is written with a O.The state of the pin can always be read from the port register by the program. 


PO.O,PO.1, and PO.2 are open drain bidirectional 1/0 pins with the electrical characteristics 
listed in 


the tables that follow. While these differ from "standard TTL" characteristics, 
they are close enough 


for the pins to still be used as general-purpose 
1/0. Port 0 also provides alternate functions for 


programming the EPROM memory as follows: 
6 
7 
NIA 
Vpp (PO.2) - Programming voltage input. (See Note 1.) 


7 
8 
I 
OElPGM (PO.1) - Input which specifies verify mode (output enable) or the program mode. 
OElPGM = 1 output enabled (verify mode). 
OElPGM = 0 program mode. 


8 
9 
I 
ASEL (PO.O)- Input which indicates which bits of the EPROM address are applied to port 3. 
ASEL = 0 low address byte available on port 3. 
ASEL = 1 high address byte available on port 3 (only the three least significant bits are used). 


P1.0-P1.7 
13-20 
15-20, 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 1 pins that have 1s written 
23,24 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 1 pins 
that are externally pulled low will source current because of the internal pull-ups. (See DC 
Electrical Characteristics: 
IILl. Port 1 serves to output the addressed EPROM contents in the verify 


mode and accepts as inputs the value to program into the selected address during the program 
mode. Port 1 also serves the special function features of the 80C51 family as listed below: 
18 
20 
I 
IRTO (P1.5): External interrupt. 


19 
23 
I 
rnTf 
(P1.6): External interrupt. 


20 
24 
I 
TO (P1. 7): Timer 0 external input. 


P3.0-P3.7 
5-1, 
6,4-1, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s written 
23-21 
27-25 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins 
that are externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: 
IILl. Port 3 also functions as the address input for the EPROM memory location to 


be programmed (or verified). The 1O-bit address is multiplexed into this port as specified by 
PO.O/ASEL. 


RST 
9 
11 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. 
An internal diffused resistor to Vss permits a power-on RESET using only an extemal capacitor to 
Vcc. After the device is reset, a 10-bit serial sequence, sent LSB first, applied to RESET, places 
the device in the programming state allOWingprogramming address, data and Vpp to be applied for 
programming or verification purposes. The RESET serial sequence must be synchronized with the 
X1 input. 


X1 
11 
13 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 
X1 also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming state. 


X2 
10 
12 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


NOTE: 
1. When PO.2 is at or close to 0 Volt, it may affect the internal ROM operation. We recommend that PO.2 be tied to Vcc via a small pull-up (e.g., 
2kQ). 


OSCILLATOR 
CHARACTERISTICS 


X1 and X2 are the input and output, respectively, of an inverting 
amplifier which can be configured for use as an on-chip oscillator. 


To drive the device from an external clock source, X1 should be 
driven while X2 is left unconnected. There are no requirements on 
the duty cycle of the external clock signal, because the input to the 
intemal clock circuitry is through a divide-by-two flip-flop. However, 
minimum and maximum high and low times specified in the data 
sheet must be observed. 


RESET 
A reset is accomplished 
by holding the RST pin high for at least two 


machine cycles (24 oscillator periods), while the oscillator is running. 
To insure a good power-up reset, the RST pin must be high long 


enough to allow the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At power-up, the voltage on 
Vcc and RST must come up at the same time for a proper start-up. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep while all of the on-chip 
peripherals stay active. The instruction to invoke the idle mode is the 
last instruction executed in the normal operating mode before the 
idle mode is activated. The CPU contents, the on-chip RAM, and all 
of the special function registers remain intact during this mode. The 
idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the interrupt service routine 
and continued), or by a hardware reset which starts the processor in 
the same manner as a power-on reset. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is stopped and the 
instruction to invoke power-down is the last instruction executed. 
Only the contents of the on-chip RAM are preserved. A hardware 
reset is the only way to terminate the power-down mode. the control 
bits for the reduced power modes are in the special function register 
PCON. 


External 
Pin Status 
During Idle and 


Power-Down 
Modes 


MODE 
Port 0 
Port 1 
Port 2 


Idle 
Data 
Data 
Data 


Power-down 
Data 
Data 
Data 


DIFFERENCES 
BETWEEN 
THE 8XC750 
AND THE 


80C51 


Program 
Memory 
On the BXC750, program memory is 1024 bytes long and is not 
externally expandable, so the BOC51 instructions MOVX, LJMP, and 
LCALL are not implemented. The only fixed locations in program 
memory are the addresses at which execution is taken up in 
response to reset and interrupts, which are as follows: 
Program 
Memory 
Address 
000 
003 
OOB 
013 


Event 
Reset 
Externalll'ITO 
Counterltimer 0 
ExternallJ\lTf 


Timer/Counter 
The BXC750 has one timers: a 16-bit timer/counter. The 16-bit ' 
timer/counter's 
operation is similar to mode 2 operation on the 


BOC51, but is extended to 16 bits. The timer/counter is clocked by 
either 1/12 the oscillator frequency or by transitions on the TO pin. 
The CIT pin in special function register TCON selects between 
these two modes. When the TCON TR bit is set, the timer/counter is 
enabled. Register pair TH and TL are incremented by the clock 
source. When the register pair overflOWS,the register pair is 
reloaded with the values in registers RTH and RTL. The value in the 
reload registers is left unchanged. See the B3C750 counterltimer 
block diagram in Figure 1. The TF bit in special function register 


TCON is set on counter overflow and, if the interrupt is enabled, will 
generate an interrupt. 


TCON Register 


MSS 


- Timer/counter is enabled only when INTO pin is high, 


and TR is 1. 


o - Timer/counter is enabled when TR is 1. 
1 
- Counterltimer operation from TO pin. 


o 
- Timer operation from internal clock. 


1 
- Set on overflow of TH. 


o 
- Cleared when processor vectors to interrupt routine 


and by reset. 


1 
- Timer/counter enabled. 


o - Timer/counter disabled. 
1 
- Edge detected in ll'ITO. 


1 
- ll'ITO is edge triggered. 


o - ll'ITO is level sensitive. 
1 
- Edge detected on 1J\ITf. 


1 
- IJ\ITf is edge triggered. 


o - IJ\ITf is level sensitive. 


These flags are functionally identical to the corresponding 
BOC51 


flags, except that there is only one timer on the B3C750 and the 
flags are therefore combined into one register. 


Note that the positions of the IEO/ITOand IE1/1T1 bits are 
transposed from the positions used in the standard BOC51 JCON 
register. 


Interrupt 
SUbsystem 
- Fixed Priority 


The IP register and the 2-level interrupt system of the BOC51 are 
eliminated. Simultaneous interrupt conditions are resolved by a 
single-level, fixed priority as follows: 


Highest priority: 
Pin ll'ITO 
Counterltimer flag 0 
Pin IJ\ITf 


Special 
Function 
Register 
Addresses 


Special function registers for the BXC750 are identical to those of 
the BOC51, except for the changes listed below: 


BOC51 special function registers not present in the BXC750 are 
TMOD (B9), P2 (AO) and IP (BB). The BOC51 registers TH1 and TL 1 
are replaced with the B7C750 registers RTH and RTL respectively 
(refer to Table 2). 


DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
SYMBOL 
DESCRIPTION 
ADDRESS 
MSB 
LSB 
VALUE 


ACC" 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B" 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer 


(2 bytes) 
OOH 
DPH 
High byte 
B3H 


DPL 
Low byte 
B2H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
AB 


IE"# 
Interrupt enable 
ABH 
EA 
I 
- 
I 
- 
I 
- 
I 
- 
I 
EX1 
I 
ETO I 
EXO 
OOH 


B2 
B1 
BO 


Pool 
PortO 
BOH 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
xxxxx111B 


97 
96 
95 
94 
93 
92 
91 
90 


P1" 
Port 1 
90H 
TO I Jm1 I Tf'mj I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
FFH 


P3" 
Port 3 
BOH 
B7 
I 
B6 
I 
B5 
I 
B4 
I 
B3 
I 
B2 
I 
B1 
I 
BO 
FFH 


PCON# 
Power control 
B7H 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
PD 
I 
IDL 
xxxxxxOOB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW" 
Program status word 
DOH 
CY 
I 
AC 
I 
FO 
I 
RS1 
I 
RSO I 
OV 
I 
- 
I 
P 
OOH 


SP 
Slack pointer 
B1H 
07H 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
BB 


TCON'# 
Timer/counter control 
BBH 
GATE I 
CIT 
I 
TF 
I 
TR 
I 
IEO 
I 
ITO 
I 
IE1 
I 
IT1 
OOH 


TL# 
Timer low byte 
BAH 
OOH 


TH# 
Timer high byte 
BCH 
OOH 


RTL# 
Timer low reload 
BBH 
OOH 


RTH# 
Timer high reload 
BDH 
OOH 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°C 


Voltage from Vcc to Vss 
-0.5 to +6.5 
V 


Voltage from any pin to Vss (except Vpp) 
-0.5 to Vcc + 0.5 
V 


Power dissipation 
1.0 
W 


Voltage on Vpp pin to Vss 
~ 
o to +13.0 
V 


Maximum 'OL per I/O pin 
10 
mA 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O'C to +7o'C or-4o'C 
to +S5'C, Vcc = 5V ±1o%, Vss = oV' 


TEST 
LIMITS 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX 
UNIT 


VIL 
Input low voltage 
-0.5 
0.2Voo-o·1 
V 


VIH 
Input high voltage, except X1, RST 
0.2Vcc+0.9 
Vcc+0.5 
V 


VIH1 
Input high voltage, X1 , RST 
0.7Vcc 
Vcc+0.5 
V 


VOL 
Output low voltage, ports 1 and 3 
IOL= 1.6mA2 
0.45 
V 


VOL1 
Output low voltage, port 0 
IOL= 3.2mA2 
0.45 
V 


VOH 
Output high voltage, ports 1 and 3 
IOH= -6ol1A 
2.4 
V 


IOH= -25flA 
0.75Vcc 
V 


IOH= -1OflA 
0.9Vcc 
V 


C 
Capacitance 
10 
pF 


IlL 
Logical 0 input current, ports 1 and 3 
VIN = 0.45V 
-50 
flA 


ITL 
Logical 1 to 0 transition current, ports 1 and 33 
VIN = 2V (0 to +7O'C) 
-650 
IIA 


VIN = 2V (-40 to +S5'C) 
-750 
IIA 


III 
Input leakage current, port 0 
0.45 < VIN < VCC 
±1o 
IIA 


RRST 
Internal pUll-down resistor 
25 
175 
ill 


CIO 
Pin capacitance 
Test freq = 1MHz, 
10 
pF 
Tamb= 25°C 


Ipo 
Power-down current" 
VCC = 2 to VCC max 
50 
flA 


Vss = oV 


Vpp 
Vpp program voltage 
Vcc=5V±1o% 
12.5 
13.0 
V 


Tamb= 21'C to 27'C 


Ipp 
Program current 
Vpp = 13.OV 
50 
mA 


Icc 
Supply current (see Figure 3)5,6 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


2. 
Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
10mA 
(NOTE: This is 85'C spec.) 


Maximum IOLper 8-bit port: 
26mA 
Maximum total IOLfor all outputs: 
67mA 
If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


3. 
Pins of ports 1 and 3 source a transition current when they are being externally driven from 1 to o. The transition current reaches its 
maximum value when VIN is approximately 2V. 


4. 
Power-down Icc is measured with all output pins disconnected; port 0 = Vcc; X2, X1 n.c.; RST = Vss. 


5. Active Icc is measured with all output pins disconnected; X1 driven with !eLCH, !eHCL= 5ns, VIL = Vss + 0.5V, VIH = Vcc - 0.5V; X2 n.c.; 


RST = port 0 = Vcc. Icc will be slightly higher if a crystal oscillator is usee. 
6. 
Idle Icc is measured with all output pins disconnected; X1 driven with !eLCH, !eHCL= 5ns, VIL = Vss + 0.5V, VIH = Vcc - 0.5V; X2 n.c.; 
port 0 = Vcc; RST = Vss. 
. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O'C to +70°C or-4o'C 
to +S5'C, Vcc = 5V ±10%, Vss = ov', 2 


VARIABLE 
CLOCK 


SYMBOL 
PARAMETER 
MIN 
I 
MAX 
I 
MIN 
MAX 
UNIT 


1!tcLCL 
Oscillator frequency: 
3.5 
I 
16 
I 
3.5 
40 
MHz 


External 
Clock (Figure 2) 


!eHCX 
High time 
20 
10 
ns 


!eLCX 
Low time 
20 
10 
ns 


!eLCH 
Rise time 
20 
20 
ns 


!eHCL 
Fall time 
20 
20 
ns 
NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 


noted. 


2. 
Load capacitance for ports = SopF. 


EXPLANATION 
OF THE AC SYMBOLS 
In defining the clock waveform, care must be taken not to exceed 
the MIN or MAX limits of the AC electrical characteristics 
table. 


Each timing symbol has five characters. The first character is always 
~' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. The 
designations are: 
C - 
Clock 
D - 
Input data 


0.2 Vcc+ 
0.9 


O.2Vcc-O.1 


H - 
Logic level high 
L - 
Logic level low 
a - Output data 
T - 
Time 
V - 
Valid 
X - 
No longer a valid logic level 
Z - 
Float 


24 
28 
32 


Frequency (MHz) 


Figure 3. 
Ice vs. Frequency 
Maximum Ice values taken at Vee max and worst case temperature. 


Typical Ice values taken at Vee = 5.0V and 25°C. 


Notes 5 and 6 refer to DC Electrical Characteristics. 


ROM CODE SUBMISSION 
When submitting ROM code for the 80C750, the following must be specified: 
1. 1k byte user ROM data 


ADDRESS 


OOOOHto 03FFH 


CONTENT 


DATA 


BIT(S) 


7:0 


COMMENT 


User ROM Data 


87C750 
PROGRAMMING 
CONSIDERATIONS 


EPROM 
Characteristics 
The 87C750 is programmed by using a modified Quick-Pulse 
Programming algorithm similar to that used for devices such as the 
87C451 and 87C51. It differs from these devices in that a serial data 
stream is used to place the 87C750 in the programming mode. 


Figure 4 shows a block diagram of the programming configuration 
for the 87C750. Port pin PO.2 is used as the programming voltage 
supply input (Vpp signal). Port pin PO.1 is used as the program 
(PGMI) signal. This pin is used for the 25 programming pulses. 


Port 3 is used as the address input for the by1e to be programmed 
and accepts both the high and low components of the eleven bit 
address. Multiplexing of these address components is performed 
using the ASEL input. The user should drive the ASEL input high 
and then drive port 3 with the high order bits of the address. ASEL 
should remain high for at least 13 clock cycles. ASEL may then be 
driven low which latches the high order bits of the address internally. 
the high address should remain on port 3 for at least two clock 
cycles after ASEL is driven low. Port 3 may then be driven with the 
low by1eof the address. The low address will be internally stable 13 
clock cycles later. The address will remain stable provided that the 
low by1e placed on port 3 is held stable and ASEL is kept low. Note: 
ASEL needs to be pulsed high only to change the high by1e of the 
address. 


Port 1 is used as a bidirectional data bus during programming and 
verify operations. During programming mode, it accepts the by1e to 
be programmed. 
During verify mode, it provides the contents of the 


EPROM location specified by the address which has been supplied 
to Port 3. 


The XTAL 1 pin is the oscillator input and receives the master system 
clock. This clock should be between 1.2 and 6MHz. 


The RESET pin is used to accept the serial data stream that places 
the 87C750 into various programming modes. This pattern consists 
of a 1O-bit code with the LSB sent first. Each bit is synchronized to 
the clock input, X1. 


Programming 
Operation 
Figures 5 and 6 show the timing diagrams for the program/verify 
cycle. RESET should initially be held high for at least two machine 
cycles. PO.1 (PGMI) and PO.2 (Vpp) will be at VOH as a result of the 
RESET operation. At this point, these pins function as normal 
quasi-bidirectional 
1/0 ports and the programming equipment may 


pull these lines low. However, prior to sending the 1O-bit code on the 
RESET pin, the programming equipment should drive these pins 
high (VIH). The RESET pin may now be used as the serial data input 
for the data stream which piaces the 87C750 in the programming 
mode. Data bits are sampled during the clock high time and thus 
should only change during the time that the clock is low. Following 
transmission of the last data bit, the RESET pin should be held low. 


Next the address information for the location to be programmed is 
placed on port 3 and ASEL is used to perform the address 
multiplexing, as previously described. At this time, port 1 functions 
as an output. 


A high voltage Vpp level is then applied to the Vpp input (PO.2). 
(This sets Port 1 as an input port). The data to be programmed into 
the EPROM array is then placed on Port 1. This is followed by a 
series of programming pulses applied to the PGMI pin (PO.1). These 
pulses are created by driving PO.1 low and then high. This pulse is 


repeated until a total of 25 programming pulses have occurred. At 
the conclusion of the .Iastpulse, the PGMI signal should remain high. 


The Vpp signal may now be driven to the VOH level, placing the 
87C750 in the verify mode. (Port 1 is now used as an output port). 
After four machine cycles (48 clock periods), the contents of the 
addressed location in the EPROM array will appear on Port 1. 


The next programming cycle may now be initiated by placing the 
address information at the inputs of the multiplexed bUffers, driving 
the Vpp pin to the Vpp voltage level, providing the by1e to be 
programmed to Port1 and issuing the 26 programming pulses on the 
PGMI pin, bringing Vpp back down to the Vc level and verifying the 
by1e. 


Programming 
Modes 
The 87C750 has four programming features incorporated within its 
EPROM array. These include the USER EPROM for storage of the 
application's code, a 16-by1e encryption key array and two security 
bits. Programming and verification of these four elements are 
selected by a combination of the serial data stream applied to the 
RESET pin and the voltage levels applied to port pins PO.1 and 
PO.2. The various combinations are shown in Table 3. 


Encryption 
Key Table 


The 87C750 includes a 16-by1e EPROM array that is programmable 
by the end user. The contents of this array can then be used to 
encrypt the program memory contents during a program memory 
verify operation. When a program memory verify operation is 
performed, the contents of the program memory location is 
XNOR'ed with one of the by1es in the 16-by1e encryption table. The 
resulting data pattern is then provided to port 1 as the verify data. 
The encryption mechanism can be disable, in essence, by leaving 
the by1es in the encryption table in their erased state (FFH) since 
the XNOR product of a bit with a logical one will result in the original 
bit. The encryption by1es are mapped with the code memory in 
16-by1e groups. the first by1e in code memory will be encrypted with 
the first by1e in the encryption table; the second by1e in code 
memory will be encrypted with the second by1e in the encryption 
table and so forth up to and including the 16the by1e. The encryption 
repeats in 16-by1e groups; the 17th by1e in the code memory will be 
encrypted with the first by1e in the encryption table, and so forth. 


Security 
Bits 


Two security bits, security bit 1 and security bit 2, are provided to 
limit access to the USER EPROM and encryption key arrays. 
Security bit 1 is the program inhibit bit, and once programmed 
performs the following functions: 
1. Additional programming of the USER EPROM is inhibited. 


2. 
Additional programming of the encryption key is inhibited. 


3. 
Verification of the encryption key is inhibited. 


4. 
Verification of the USER EPROM and the security bit levels may 
still be performed. 


(If the encryption key array is being used, this security bit should be 
programmed by the user to prevent unauthorized parties from 
reprogramming the encryption key to all logical zero bits. Such 
programming would provide data during a verify cycle that is the 
logical complement of the USER EPROM contents). 


Security bit 2, the verify inhibit bit, prevents verification of both the 
USER EPROM array and the encryption key arrays. The security bit 
levels may still be verified. 


Programming and Verifying Security Bits 
Security bits are programmed employing the same techniques used 
to program the USER EPROM and KEY arrays using serial data 
streams and logic levels on port pins indicated in Table 3. When 
programming either security bit, it is not necessary to provide 
address or data information to the 87C750 on ports 1 and 3. 


Verification occurs in a similar manner using the RESET serial 
stream shown in Table 3. Port 3 is not required to be driven and the 
results of the verify operation will appear on ports 1.6 and 1.7. 


Ports 1.7 contains the security bit 1 data and is a logical one if 
programmed and a logical zero if erased. Likewise, Pl.6 contains 
the security bit 2 data and is a logical one if programmed and a 
logical zero if erased. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have wavelengths in this 
range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. 
For this and secondary 
effects, 


it is recommended 
that an opaque 
label be placed over the 
window. 
For elevated temperature or environments where solvents 


are being used, apply Kapton tape Flourless part number 2345-5 or 
equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-slcm2. 
Exposing the EPROM to an ultraviolet lamp of 12,OOOIlW/cm2rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


Erasure leaves the array in an alils 
state. 


OPERATION 
SERIAL CODE 
PO.l (PGMI) 
PO.2 (Vpp) 


Program user EPROM 
296H 
_1 
Vpp 


Verify user EPROM 
296H 
VIH 
VIH 


Program key EPROM 
292H 
_1 
Vpp 
Verify key EPROM 
292H 
VIH 
VIH 


Program security bit 1 
29AH 
_1 
Vpp 


Program security bit 2 
29BH 
_1 
Vpp 
Verify security bits 
29AH 
VIH 
VIH 


EPROM 
PROGRAMMING 
AND VERIFICATION 


Tamb= 21°C to +27°C, Vcc = 5V ±10%, Vss = OV 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


l!tcLCL 
Oscillator/clock frequency 
1.2 
6 
MHz 


tAVGL1 
Address setup to PO.l (PROG-) low 
lOllS + 24teLCL 


IQHAX 
Address hold after PO.l (PROG-) 
high 
48teLCL 


toVGL 
Data setup to PO.l (PROG-) 
low 
38teLCL 


tOVGL 
Data setup to PO.l (PROG-) 
low 
38teLCL 


IQHOX 
Data hold after PO.l (PROG-) 
high 
. 
36teLCL 


IsHGL 
Vpp setup to PO.l (PROG-) 
low 
10 
Il5 


IQHSL 
Vpp hold after PO.l (PROG-) 
10 
Il5 


IQLGH 
PO.l (PROG-) 
width 
90 
110 
IlS 


tAvav2 
Vpp low (Vccl to data valid 
48teLCL 


IQHGL 
PO.l (PROG-) 
high to PO.l (PROG-) 
low 
10 
Il5 


tSYNL 
PO.O(sync pulse) low 
4teLCL 


IsYNH 
PO.O(sync pulse) high 
8teLCL 


IMAsEL 
ASEL high time 
13teLCL 


IMAHLo 
Address hold time 
2teLCL 


4iASET 
Address setup to ASEL 
13teLCL 


tAOSTA 
Low address to valid data 
48teLCL 
NOTES: 
1. Address should be valid at least 24teLCL before the rising edge of PO.2 (Vpp). 
2. 
For a pure verify mode, I.e., no program mode in between, tAvav is 14tCLCLmaximum. 


VppNIH 
VOLTAGE 


SOURCE 


CLKSOURCE 


XTAll 
n 
.......J 
Ln 


MIN 2 MACHINE 
I. 
CYCLES .1. 


RESET 
~ 


12.77 
~ r- 'SHGL 


I 
I 
L.JLJL~~---- 


I_ 
'MASEL 
, 
~ 
-1 I- 'GHGL 


9Bj1s MIN 
lO)Js MIN 
_-I 
\ 
_ 


H 'DVGL 
'GHDXf--+-- 
'AVOV --1 


DESCRIPTION 


The Philips 83C751/87C751 
offers the advantages 
of the 80C51 
architecture 
in a small package 
and at low cost. 


The 8XC751 
Microcontroller 
is fabricated 
with Philips high-density 
CMOS technology. 
Philips epitaxial 
substrate 
minimizes 
CMOS 
latch-up 
sensitivity. 


The 8XC751 
contains 
a 2k x 8 ROM (83C751) 
EPROM 
(87C751), 
a 
64 x 8 RAM, 19 VO lines, a 16-bit auto-reload 
counterltimer, 
a 
five-source, 
fixed-priority 
level interrupt 
structure, 
a bidirectional 
inter-integrated 
circuit 
(12C) serial bus interface, 
and an on-ehip 
oscillator. 


The on-board 
inter-integrated 
circuit (12C) bus interface 
allows the 
8XC751 
to operate 
as a master or slave device 
on the 12Csmall 
area network. 
This capability 
facilitates 
I/O and RAM expansion, 
access 
to EEPROM, 
processor-to-processor 
communication, 
and 
efficient 
interface 
to a wide variety of dedicated 
12Cperipherals. 


• 80C51 based architecture 


• Inter-Integrated 
Circuit 
(12C) serial bus interface 


• Small package 
sizes 


- 
24-pin 
DIP (300 mil "skinny 
DIP") 


- 
24-pin 
Shrink Small Outline 
Package 


- 
28-pin 
PLCC 


• 87C751 
available 
in erasable 
quartz lid or one-time 
programmable 
plastic packages 


• Wide oscillator 
frequency 
range 


• Low power consumption: 


- 
Normal 
operation: 
less than 11mA 
@ 5V, 12MHz 


- 
Idle mode 


- 
Power-down 
mode 


• 2k x 8 ROM (83C751) 
2k x 8 EPROM 
(87C751) 


• 64x8 
RAM 


• 
16-bit auto reloadable 
counter/timer 


• Fixed-rate 
timer 


• Boolean 
processor 


• CMOS and TIL 
compatible 


• Well suited for logic replacement, 
consumer 
and industrial 
applications 


• LED drive outputs 


P3.lIA1/A9 4 


P3.OINJ1AB 
5 
P1.7fT0ID7 


Pl.6IIm1"1D6 


PO.l/SDAIOE-R3M 7 


PO.OISCUASEL8 


Pl.3ID3 


Pl.21D2 


26 


25 


11 
19 


12 
18 


Pin 
Function 
Pin 
Function 
1 
P3.41A4 
15 
Pl.OIDO 


2 
P3.31A3 
16 
Pl.11D1 
3 
P3.21fo2JA10 
17 
Pl.21D2 


4 
P3.lIA1/A9 
18 
Pl.3ID3 


5 
NC' 
19 
Pl.W4 


6 
P3.OIAOIAB 
20 
Pl.5II'I'lm1D5 


7 
PO.2Npp 
21 
NC' 


8 
PO.l/SDAlOE-PGM 
22 
NC' 


9 
PO.OI/SCLASEL 
23 
Pl.6IIm1"1D6 


10 
NC' 
24 
Pl.7fT0ID7 


11 
RST 
25 
P3.7/A7 


12 
X2 
26 
P3.61AB 


13 
Xl 
27 
P3.51AS 


14 
vss 
28 
vcc 


• DONOTCONNECT 
SU00315 


ROM 
EPROM1 
TEMPERATURE 
RANGE 'c 
FREQUENCY 
DRAWING 
AND PACKAGE 
NUMBER 


S87C751-1F24 
UV 
o to +70, Ceramic Dual In-line Package 
3.5 to 12MHz 
05868 


S87C751-2F24 
UV 
-40 to +85, Ceramic Dual In-line Package 
3.5 to 12MHz 
05868 


S87C751-4F24 
UV 
o to +70, Ceramic Dual In-line Package 
3.5 to 16MHz 
05868 


S87C751-5F24 
UV 
-40 to +85, Ceramic Dual In-line Package 
3.5 to 16MHz 
05868 


S83C751-1N24 
S87C751-1 N24 
OTP 
o to +70, Plastic Dual In-line Package 
3.5 to 12MHz 
SOT222-1 


S83C751-2N24 
S87C751-2N24 
OTP 
-40 to +85, Plastic Dual In-line Package 
3.5 to 12MHz 
SOT222-1 


S83C751-4N24 
S87C751-4N24 
OTP 
o to +70, Plastic Dual In-line Package 
3.5 to 16MHz 
SOT222-1 


S83C751-5N24 
S87C751-5N24 
OTP 
-40 to +85, Plastic Dual In-line Package 
3.5 to 16MHz 
SOT222-1 


S83C751-1A28 
S87C751-1 A28 
OTP 
o to +70, Plastic Leaded Chip Carrier 
3.5 to 12MHz 
SOT261-3 


S83C751-2A28 
S87C751-2A28 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
3.5 to 12MHz 
SOT261-3 


S83C751-4A28 
S87C751-4A28 
OTP 
o to +70, Plastic Leaded Chip Carrier 
3.5 to 16MHz 
SOT261-3 


S83C751-5A28 
S87C751-5A28 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
3.5 to 16MHz 
SOT261-3 


S83C751-1D24 
S87C751-1D24 
OTP 
o to +70, Shrink Small Outline Package 
3.5 to 12MHz 
SOT340-1 


S83C751-4D24 
S87C751-4D24 
OTP 
o to +70, Shrink Small Outline Package 
3.5 to 16MHz 
SOT340-1 
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12CON 
IE 
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INTERRUPT, 
SERiAl 
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PIN NO. 


MNEMONIC 
DIP/ 
LCC 
TYPE 
NAME AND FUNCTION 
SSOP 


V55 
12 
14 
I 
Circuit 
Ground 
Potential 


Vee 
24 
28 
I 
Supply voltage 
during 
normal, 
idle, and power-down 
operation. 


PO.o-PO.2 
8-6 
9-7 
I/O 
Port 0: Port 0 is a 3-bit open-drain, bidirectional port. Port 0 pins that have 1s written to them float, 
and in that state can be used as high-impedance 
inputs. Port 0 also serves as the serial12C 


interface. When this feature is activated by software, SCL and SDA are driven low in accordance 
with the 12Cprotocol. These pins are driven low if the port register bit is written with a 0 or if the 12C 
subsystem presents a O.The state of the pin can always be read from the port register by the 
program. 


To comply with the 12Cspecification, PO.Oand PO.1 are open drain bidirectional I/O pins with the 
electrical characteristics listed in the tables that follow. While these differ from 'standard TTL" 
characteristics, they are close enough for the pins to still be used as general-purpose 
I/O in 


non-12Capplications. Port 0 also provides alternate functions for programming the EPROM 
memory as follows: 
6 
7 
N/A 
Vpp (PO.2) - Programming voltage input. (See Note 1.) 


7 
8 
I 
OElPGM (PO.1) - Input which specifies verify mode (output enable) or the program mode. 
OEJPGM = 1 output enabled (verify mode). 
OEJPGM = 0 program mode. 
8 
9 
I 
ASEL (PO.O)- Input which indicates which bits of the EPROM address are applied to port 3. 
ASEL = 0 low address by1e available on port 3. 
ASEL = 1 high address by1eavailable on port 3 (only the three least significant bits are used). 
7 
8 
I/O 
SDA (PO.1) - 12Cdata. 
8 
9 
I/O 
SCL (PO.O)- 12Cclock. 


P1.o-P1.7 
13-20 
15-20, 
I/O 
Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 pins that have 1s written 


23,24 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 1 pins 
that are externally pulled low will source current because of the internal pull-ups. (See DC 
Electrical Characteristics: 
IILl. Port 1 serves to output the addressed EPROM contents in the verify 
mode and accepts as inputs the value to program into the selected address during the program 
mode. Port 1 also serves the special function features of the 80C51 family as listed below: 


18 
20 
I 
IR'rn (P1.5): External interrupt. 


19 
23 
I 
IRTf (P1.6): External interrupt. 


20 
24 
I 
TO (P1.7): Timer 0 external input. 


P3.o-P3.7 
5-1, 
6,4-1, 
I/O 
Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s written 


23-21 
27-25 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins 
that are externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: 
IILl. Port 3 also functions as the address input for the EPROM memory location to 
be programmed (or verified). The 11-bit address is multiplexed into this port as specified by 
PO.O/ASEL. 


RST 
9 
11 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. 
An internal diffused resistor to V55 permits a power-on RESET using only an external capacitor to 
Vee· After the device is reset, a 1O-bit serial sequence, sent LSB first, applied to RESET, places 
the device in the programming state allowing programming address, data and Vpp to be applied for 
programming or verification purposes. The RESET serial sequence must be synchronized with the 
X1 input. 


X1 
11 
13 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 
X1 also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming state. 


X2 
10 
12 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


NOTES: 
1. When PO.2 is at or close to OV it may affect the internal ROM operation. We recommend that PO.2 be tied to Vee via a small pullup 
(e.g.,2kQ). 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°C 


Vo~age from Vee to VSS 
-0.5 to +6.5 
V 


Voltage from any pin to Vss (except Vpp) 
-0.5 to Vee + 0.5 
V 


Power dissipation 
1.0 
W 


Vo~age on Vpp pin to Vss 
o to +13.0 
V 


Maximum IOLper 1/0 pin 
10 
mA 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 


2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless. it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C or-40°C 
to +85°C, vee = 5V ±10% for 87C751, Vee = 5V±10% 
for 83C751 , Vss = OVl 


LIMITS 
SYMBOL 
PARAMETER 
TEST CONDITIONS 
UNIT 


MIN 
MAX 


VIL 
Input low voltage, except SDA, SCL 
-0.5 
0.2Voo-o·1 
V 


VIH 
Input high voltage, except X1, RST 
0.2Vee+0.9 
Vee+0.5 
V 


VIH1 
Input high voltage, X1, RST 
0.7Vee 
Vee+0.5 
V 


SDA, SCL, PO.2 


VIL1 
Input low voltage 
-0.5 
0.3Vee 
V 
VIH2 
Input high voltage 
0.7Vee 
Vee+0.5 
V 


VOL 
Output low voltage, ports 1 and 3 
IOL= 1.6mA2 
0.45 
V 


VOLl 
Output low voltage, port 0.2 
IOL= 3.2mA2 
0.45 
V 


VOH 
Output high voltage, ports 1 and 3 
IOH=-60~ 
2.4 
V 


IOH=-25~ 
0.75Vee 
V 


IOH=-10~ 
0.9Vee 
V 


Port 0.0 and 0.1 (12C)- Drivers 


VOL2 
Output low voltage 
IOL=3mA 
0.4 
V 


Driver, receiver combined: 
(over Vee range) 
C 
Capacitance 
10 
pF 


IlL 
Logical 0 input current, ports 1 and 3 
VIN = 0.45V 
-50 
lJ.A 


ITL 
Logical 1 to 0 transition current, ports 1 and 33 
VIN = 2V (0 to 70°C) 
-650 
lJ.A 


VIN = 2V (-40 to +85°C) 
-750 
lJ.A 


III 
Input leakage current, port 0 
0.45 < VIN < Vee 
±10 
lJ.A 


RRST 
Internal pull-down resistor 
25 
175 
kil 


CIO 
Pin capacitance 
Test freq = 1MHz, 
10 
pF 
Tamb= 25°C 


Ipo 
Power-down current" 
Vee = 2 to Vee max 
50 
lJ.A 


Vss = OV 


Vpp 
Vpp program voltage (for 87C751 only) 
Vee = 5V±10% 
12.5 
13.0 
V 


Tamb= 21°C to 2?OC 


Ipp 
Program current (for 87C751 only) 
Vpp= 
13.0V 
50 
mA 


Ice 
Supply current (see Figure 2) 


NOTES TO DC ELECTRICAL 
CHARACTERISTICS: 
1. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


2. 
Under steady state (non-transient) conditions, IOl must be extemally limited as follows: 


Maximum IOl per port pin: 
10mA 
(NOTE: This is 85·C spec.) 
Maximum IOl per 8-bit port: 
26mA 
Maximum totallOl 
for all outputs: 
67mA 


If IOl exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 
3. 
Pins of ports 1 and 3 source a transition current when they are being externally driven from 1 to O.The transition current reaches its 
maximum value when VIN is approximately 2V. 
4. 
Power-down Icc is measured with all output pins disconnected; port 0 = VCC; X2, Xl n.c.; RST = Vss. 


5. 
Active Icc is measured with all output pins disconnected; Xl driven with tClCH, tCHCl = 5ns, Vil = Vss + 0.5V, VIH = VCC - 0.5V; X2 n.c.; 
RST = port 0 = VCC. Icc will be slightly higher if a crystal oscillator is used. 


6. 
Idle Icc is measured with all output pins disconnected; Xl driven with !elCH, !eHCl = 5ns, Vil = Vss + 0.5V, VIH = VCC- 0.5V; X2 n.c.; 
port 0 = Vcc; RST = Vss. 


AC ELECTRICAL 
CHARACTERISTICS 
Tamb= o·C to +70·C or-40·C 
to +85·C, Vcc = 5V ±10% for 87C751 , Vcc = 5V ±10% for 83C751 , Vss = OV1,2 


12MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ftelCl 
Oscillator frequency: 
3.5 
12 
MHz 
3.5 
16 
MHz 


External 
Clock (Figure 1) 


!eHCX 
High time 
20 
20 
ns 


!elCX 
Low time 
20 
20 
ns 


!elCH 
Rise time 
20 
20 
ns 


!eHCl 
Fall time 
20 
20 
ns 


NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
2. 
Load capacitance for ports = 80pF. 


EXPLANATION 
OF THE AC SYMBOLS 
Each timing symbol has five characters. The first character is always 
't' (= lime). The other characters, depending on their positions, 
indicate the name of a signal or the logical slatus of that signal. The 
designations are: 
C - 
Clock 
D - 
Input data 


H - 
Logic level high 


L - 
Logic level low 
a - Output data 
T - 
Time 
V - 
Valid 
X - 
No longer a valid logic level 
Z - 
Float 


'cHCX 


tecCH 


Figure 2. Ice vs. FREQ 
Maximum 
Ice values taken at Vee max and worst 
case temperature. 


Typical Ice values taken at Vee = 5.0V and 25°C. 
Notes 5 and 6 refer to DC Electrical 
Characteristics. 


OSCILLATOR 
CHARACTERISTICS 


Xl and X2 are the input and output, respectively, of an inverting 
amplifier which can be configured for use as an on-chip oscillator. 


To drive the device from an extemal clock source, Xl should be 
driven while X2 is left unconnected. There are no requirements on 
the duty cycle of the extemal clock signal, because the input to the 
intemal clock circuitry is through a divide-by-two flip-flop. However, 
minimum and maximum high and low times specified in the data 
sheet must be observed. 


RESET 
A reset is accomplished 
by holding the RST pin high for at least two 
machine cycles (24 oscillator periods), while the oscillator is running. 
To insure a good power-up reset, the RST pin must be high long 
enough to allow the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At power-up, the voltage on 
Vcc and RST must come up at the same time for a proper start-up. 


IDLE MODE 
In idle mode, the CPU puts itself to sleep while all of the on-ehip 
peripherals stay active. The instruction to invoke the idle mode is the 
last instruction executed in the normal operating mode before the 
idle mode is activated. The CPU contents, the on-chip RAM, and all 
of the special function registers remain intact during this mode. The 
idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the interrupt service routine 
and continued), or by a hardware reset which starts the processor in 
the same manner as a power-on reset. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is stopped and the 
instruction to invoke power-down is the last instruction executed. 
Only the contents of the on-chip RAM are preserved. A hardware 
reset is the only way to terminate the power-down mode. the control 
bits for the reduced power modes are in the special function register 
PCON. 


External 
Pin Status 
During Idle and 
Power-Down 
Modes 


MODE 
Port 0 
Port 1 
Port 2 


Idle 
Data 
Data 
Data 
Power-down 
Data 
Data 
Data 


DIFFERENCES 
BETWEEN 
THE 8XC751 
AND THE 
80C51 


Memory 
Organization 
The central processing unit (CPU) manipulates operands in two 
address spaces as shown in Figure 3. The part's intemal memory 
space consists of 2k by1es of program memory, and 64 by1es of data 
RAM overlapped with the 128-by1e special function register area. 
The differences from the 80C51 are in RAM size (64 by1es vs. 128 
by1es), in external RAM access (not available on the 83C751), in 
internal ROM size (2k by1esvs. 4k by1es), and in external program 
memory expansion (not available on the 83C751). The 128-by1e 
special function register (SFR) space is accessed as on the 80C51 
with some of the registers having been changed to reflect changes 
in the 83C751 peripheral functions. The stack may be located 
anywhere in intemal RAM by loading the 8-bit stack pointer (SP). It 
should be noted that stack depth is limited to 64 by1es, the amount 


of available RAM. A reset loads the stack pointer with 07 (which is 
pre-incremented 
on a PUSH instruction). 


Special 
Function 


Registers 


Program 
Memory 
On the 8XC751, program memory is 2048 by1es long and is not 
extemally expandable, so the 80C51 instructions MOVX, LJMP, and 
LCALL are not implemented. The only fixed locations in program 
memory are the addresses at which execution is taken up in 
response to reset and interrupts, which are as follows: 


Program Memory 
Address 
000 
003 
008 
013 
018 
023 


Event 
Reset 
Extemal fIilTlj 
Counterltimer 0 
ExtemalllilTl 
TImer I 
12Cserial 


CounterlTimer 
Subsystem 
The 8XC751 has one counterltimer 
called timer/counter 
O. Its 


operation is similarto 
mode 2 operation on the 80C51 , but is 
extended to 16 bits with 16 bits of autoload. The controls for this 
counter are centralized in a single register called TCON. 


A watchdog timer, called TImer I, is for use with the 12Csubsystem. 
In 12Capplications, this timer is dedicated to time-generation 
and 
bus monitoring of the 12C.In non-12C applications, it is available for 
use as a fixed time-base. 


Counter 
Timer - Special 
Function 
Register 
The counterltimer has only one mode of operation, so the TMOD 
SFR is not used. There is also only one counterltimer, 
so there is no 
need for the TL 1 and THl 
SFRs found on the 80C51. These have 
been replaced on the 83C751 by RTL and RTH, the counterltimer 
reload registers. Table 3 shows the special function registers, their 
locations, and reset values. 


Interrupt 
Subsystem 
- Fixed Priority 


The IP register and the 2-level interrupt system of the 80C51 are 
eliminated. Simultaneous interrupt conditions are resolved by a 
single-level, fixed priority as follows: 


Pin fIilTlj 
Counter/timer flag 0 
Pin llilTl 
TImer I 
Serial12e 


Special Function Register - Interrupt Subsystem 
Because the interrupt structure is single level on the 83C751, there 
is no need for the IP SFR, so it is not used. 


Serial Communications 
The 8XC751 contains an 12Cserial communications 
port instead of 


the 80C51 UART. The 12Cserial port is a single bit hardware 
interface with all of the hardware necessary to support multi master 
and slave operations. Also included are receiver digital filters and 
timer (timer I) for communication watch-dog purposes. The 12C 
serial port is controlled through four special function registers; 12C 
control, 12Cdata, 12Cstatus, and 12Cconfiguration. 


Special Function Register - 
Serial Communications 
The 83C751 contains many of the special function registers (SFR) 
that are found on the 80C51. Due to the different peripheral features 
on the 83C751, there are several additional SFRs and several that 
have been changed. 


Since the standard UART found on the 80C51 has been replaced by 
the 12Cserial interface, the UART SFRs, SCON, and SBUF have 


been replaced by 12CON and 12DAT,and two additional 12Cregisters 
have been added (I2STA and 12CFG). 


I/O Port Latches (PO,Pl, P3) 
The port latches function the same as those on the 80C51. Since 
there is no port 2 on the 83C751, the P2 latch is not used. Port 0 on 
the 83C751 has only 3 bits, so only 3 bits of the POSFR have a 
useful function. 


Special Function Register - I/O Port Latches 
There is no Port2 on the 8XC751, so P2 is not used. Also, only 3 
bits of POSFR have a useful function. 


Data Pointer (DPTR) 
The data pointer (DPTR) consists of a high by1e (DPH) and a low 
by1e (DPL). In the 80C51 this register allows the access of external 
data memory using the MOVX instruction. Since the 83C751 does 
not support MOVX or external memory accesses, this register is 
generally used as a 16-bit offset pointer of the accumulator in a 
MOVC instruction. DPTR may also be manipulated as two 
independent8-bit 
registers. 


REGISTER ADDRESS 
BIT ADDRESS 


NAME 
SYMBOL 
ADDRESS 
MSB 
LSB 


12Ccontrol 
12CON 
98 
9F 
9E 
90 
9C 
9B 
9A 
99 
98 


12Cdata 
12DAT 
99 
- 
- 
- 
- 
- 
- 
- 


12Cconfiguration 
12CFG 
08 
OF 
DE 
DO 
DC 
DB 
DA 
09 
08 


12Cstatus 
12STA 
F8 
FF 
FE 
FD 
FC 
FB 
FA 
F9 
F8 


ROM CODE SUBMISSION 
When submitting ROM code for the 80C751 , the following must be specified: 
1. 2k by1e user ROM data 


ADDRESS 


OOOOHto 07FFH 


CONTENT 


DATA 


BIT{S) 


7:0 


Table 3. 
8XC751 
Special 
Function 
Registers 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer 
(2 bytes) 
DPH 
High byte 
B3H 
OOH 
DPL 
Low byte 
B2H 
DOH 


DF 
DB 
DA 
DB 


12CFG'# 
12C configuration 
DBH/RD 
SLAVEN 
CTO 
OOOOxxOOB 


WR 
SLAVEN 
CTO 


9F 
9B 


12CON"# 
12C control 
9BH/RD 
RDAT 
B1H 


WR 
CXA 
XSTP 


12DAT# 
12C data 
99H/RD 
RDAT 
0 
BOH 


WR 
XDAT 
X 


FF 
FB 


12STA'# 
12C status 
FBH 
XSTP 
x0100000B 


AF 
AE 
AD 
AA 
A9 
AB 


IE'# 
Interrupt enable 
ABH 
EA 
EXO 
OOH 


B2 
BO 


PO'# 
PortO 
BOH 
SCL 
xxxxx111B 


97 
96 
95 
94 
93 
92 
90 


Pl' 
Port 1 
90H 
TO 
FFH 


P3' 
Port 3 
BOH 
B7 
BO 
FFH 


PCON# 
Power control 
B7H 
IDL 
xxxxxxOOB 


D7 
D2 
D1 
DO 


PSW' 
Program status word 
DOH 
CY 
P 
OOH 


SP 
Stack pointer 
B1H 
07H 


BF 
BB 


TCON"# 
limer/counter 
control 
BBH 
GATE 
In 
OOH 


TL# 
limer 
low byte 
BAH 
OOH 


TH# 
limer 
high byte 
BCH 
OOH 


RTL# 
limer 
low reload 
BBH 
OOH 


RTH# 
limer 
high reload 
BDH 
DOH 
, 
SFRs are bit addressable. 
# 
SFRs are modified from or added to the BOC51 SFRs. 


1996Aug 
16 
3-113B 


VO Port Structure 
The 8XC751 has two 8-bit ports (ports 1 and 3) and one 3-bit port 
(port 0). All three ports on the 8XC751 are bidirectional. Each 
consists of a latch (special function register PO, Pl, P3), an output 
driver, and an input buffer. Three port 1 pins and two port 0 pins are 
multifunctional. 
In addition to being port pins, these pins serve the 


function of special features as follows: 


Port Pin 


PO.O 
PO.l 
Pl.5 
Pl.6 
Pl.7 


Alternate Function 


12Cclock (SCL) 
12Cdata (SDA) 
INTO (external interrupt 0 input) 
INn 
(extemal interrupt 1 input) 
TO (timer 0 extemal input) 


Ports 1 and 3 are identical in structure to the same ports on the 
80C51. The structure of port 0 on the 8XC751 is similar to that of the 
80C51 but does not include address/data input and output circuitry. 
As on the 80C51 , ports 1 and 3 are quasi-bidirectional 
while port 0 is 
bidirectional with no internal pullups. 


Timer/Counter 
The 8XC751 has two timers: a 16-bit timer/counter and a 10-bit 
fixed-rate timer. The 16-bit timer/counter's 
operation is similar to 
mode 2 operation on the 80C51 , but is extended to 16 bits. The' 
timer/counter 
is clocked by either 1/12 the oscillator frequency or by 


transitions on the TO pin. The CIT pin in special function register 
TCON selects between these two modes. When the TCON TR bit is 
set, the timer/counter is enabled. Register pair TH and TL are 
incremented by the clock source. When the register pair overflows, 
the register pair is reloaded with the values in registers RTH and 
RTL. The value in the reload registers is left unchanged. See the 
83C751 counter/timer block diagram in Figure 4. The TF bit in 
special function register TCON is set on counter overflow and, if the 
interrupt is enabled, will generate an interrupt. 


TeON Register 


MSB 
LSB 


GATE 
- Timer/counter is enabled only when INTO pin is high, 


and TR is 1. 


o - Timer/counter is enabled when TR is 1. 


CIT 
1 
- Counterltimer operation from TO pin. 


o - Timer operation from internal clock. 


TF 
1 
- Set on overflow of TH. 


o - Cleared when processor vectors to interrupt routine 


and by reset. 


TR 
1 
- Timer/counter enabled. 


o - Timer/counter disabled. 


IEO 
1 
- Edge detected in fIiJTO. 


ITO 
1 
- fIiJTO is edge triggered. 


o - fIiJTO is level sensitive. 
IEl 
1 
- Edge detected on lI'lTT. 


ITl 
1 
- lI'lTT is edge triggered. 


o 
- lI'lTT is level sensitive. 


These flags are functionally identical to the corresponding 
80C51 


flags, except that there is only one timer on the 83C751 and the 
flags are therefore combined into one register. 


Note that the positions of the IEO/ITOand IE1/ITl 
bits are 


transposed from the positions used in the standard 80C51 TCON 
register. 


Timer I is used to control the timing of the 12Cbus and also to detect 
a "bus locked" condition, by causing an interrupt when nothing 
happens on the 12Cbus for an inordinately long period of time while 
a transmission is in progress. If the interrupt does not occur, the 
program can attempt to correct the fault and allow the last 12C 
transmission to be repeated. 


The 12Cwatchdog timer, timer I, is also available as a 
general-purpose fixed-rate timer when the 12Cinterface is not being 
used. A clock rate of 1/12 the oscillator frequency forms the input to 
the timer. Timer I has a timeout interval of 1024 machine cycles 
when used as a fixed-rate timer. 


12CSerial Interface 
The 12Cbus uses two wires (SDA and SCL) to transfer information 
between devices connected to the bus. The main features of the bus 
are: 


• Bidirectional data transfer between masters and slaves 


• Serial addressing of slaves (no added wiring) 


• Acknowledgment 
after each transferred byte 


• Multimaster bus 


• Arbitration between simultaneously transmitting masters without 


corruption of serial data on bus 


• The 82B715 extends communication distance to 100 feet (30M). 


A large family of 12Ccompatible ICs is available. See the 12Csection 
of this manual for more details on the bus and available ICs. 


The 83C751 12Csubsystem includes hardware to simplify the 
software required to drive the 12Cbus. The hardware is a single bit 
interlace which in addition to including the necessary arbitration and 
framing error checks, includes clock stretching and a bus timeout 
timer. The interlace is synchronized to software either through polled 
loops or interrupts. Refer to the application note AN422, in Section 
4, entitled "Using the 8XC751 Microcontroller as an 12CBus Master" 
for additional discussion of the 83C751 12Cinterlace and sample 
driver routines. 


Six time spans are important in 12Coperation and are insured by 
timer I: 


• The MINIMUM HIGH time for SCL when this device is the master. 


• The MINIMUM LOW time for SCL when this device is a master. 
This is not very important for a single-bit hardware interlace like 
this one, because the SCL low time is stretched until the software 
responds to the J2Cflags. The software response time normally 
meets or exceeds the MIN LO time. In cases where the software 
responds within MIN HI + MIN LO) time, timer I will ensure that 
the minimum time is met. 


• The MINIMUM SCL HIGH TO SDA HIGH time in a stop condition. 


• The MINIMUM SDA HIGH TO SDA LOW time between J2Cstop 


and start conditions 
(4.7v.s, 
see spec.). 


• The MINIMUM SDA LOW TO SCL LOW time in a start condition. 


• The MAXIMUM SCL CHANGE time while an 12Cframe is in 


progress. A frame is in progress between a start condition and the 
following stop condition. This time span serves to detect a lack of 
software response on this 8XC751 as well as external 12C 
problems. SCL "stuck low" indicates a faulty master or slave. SCL 
"stuck high" may mean a faulty device, or that noise induced onto 
the 12Cbus caused all masters to withdraw from 12Carbitration. 


The first five of these times are 4.7v.s (see 12Cspecification) and are 
covered by the low order three bits of timer I. Timer I is clocked by 
the 8XC751 oscillator, which can vary in frequency from 0.5 to 
16MHz. Timer I can be preloaded with one of four values to optimize 
timing for different oscillator frequencies. At lower frequencies, 
software response time is increased and will degrade maximum 


perlormance of the 12Cbus. See special function register 12CFG 
description for prescale values (CTO, CT1). 


The MAXIMUM SCL CHANGE time is important, but its exact span 
is not critical. The complete 10 bits of timer I are used to count out 
the maximum time. When 12Coperation is enabled, this counter is 
cleared by transitions on the SCL pin. The timer does not run 
between 12Cframes (I.e., whenever reset or stop occurred more 
recently than the last start). When this counter is running, it will carry 
out after 1020 to 1023 machine cycles have elapsed since a change 
on SCL. A carry out causes a hardware reset of the 83C751 12C 
interlace and generates an interrupt if the timer I interrupt is 
enabled. In cases where the bus hangup is due to a lack of software 
response by this 83C751, the reset releases SCL and allows 12C 
operation among other devices to continue. 


12CInterrupts 
If 12Cinterrupts are enabled (EA and EI2 are both set to 1), an 12C 
interrupt will occur whenever the ATN flag is set by a start, stop, 
arbitration loss, or data ready condition (refer to the description of 
ATN following). In practice, it is not efficient to operate the J2C 
interlace in this fashion because the J2Cinterrupt service routine 
would somehow have to distinguish between hundreds of possible 
conditions. Also, since 12Ccan operate at a fairly high rate, the 
software may execute faster if the code simply waits for the 12C 
interlace. 


Typically, the 12Cinterrupt should only be used to indicate a start 
condition at an idle slave device, or a stop condition at an idle master 
device (~ it is waiting to use the 12CbUS).This is accomplished by 
enabling the 12Cinterrupt only during the aforementioned conditions. 


12CRegister 
12CON 


7 
6 


Read 
ROAT 
ATN 
ORDY 
ARl 
STR 
STI' 
MASTER 
- 


Write 
CXA 
IDLE 
COR 
CARL 
CSTR 
CSTI' 
XSTR 
XSTP 


Reading 12CON 


RDAT 
The data from SDA is captured into "Receive DATa" 
whenever a rising edge occurs on SCL. RDAT is also 
available (with seven low-order zeros) in the 12DAT 
register. The difference between reading it here and there 
is that reading 12DATclears DRDY, allowing the 12Cto 
proceed on to another bit. Typically, the first seven bits of a 
received byte are read from 12DAT,while the 8th is read 
here. Then 12DATcan be written to send the Ack bit and 
clearDRDY. 


ATN 
"ATteNtion" is 1 when one or more of DRDY, ARL, STR, or 
STP is 1. Thus, ATN comprises a single bit that can be 
tested to release the 12Cservice routine from a "wait loop." 


DRDY 
"Data ReaDY" (and thus ATN) is set when a rising edge 
occurs on SCL, except at idle slave. DRDY is cleared by 
writing CDR = 1, or by writing or reading the 12DAT 
register. The following low period on SCL is stretched until 
the program responds by clearing DRDY. 


Checking ATN and DRDY 


When a program detects ATN = 1, it should next check DRDY. If 
DRDY = 1, then if it receives the last bit, it should capture the data 
from RDAT (in 12DATor 12CON). Next, if the next bit is to be sent, it 
should be written to 12DAT.One way or another, it should clear 
DRDY and then retum to monitoring ATN. Note that if any of ARL, 
STR, or STP is set, clearing DRDY will not release SCL to high, so 
that the 12Cwill not go on to the next bit. If a program detects 
ATN = 1, and DRDY = 0, it should go on to examine ARL, STR, and 
STP. 


ARL 
"Arbitration Loss" is 1 when transmit Active was set, but 
this B3C751 lost arbitration to another transmitter. 
Transmit Active is cleared when ARL is 1. There are four 
separate cases in which ARL is set. 
1. If the program sent a 1 or repeated start, but another 
device sent a 0, or a stop, so that SDA is 0 at the rising 
edge of SCL. (If the other device sent a stop, the 
setting of ARL will be followed shortly 
by STP being 


set.) 


2. If the program sent a 1, but another device sent a 


repeated start, and it drove SDA low before the B3C751 
could drive SCL low. (This type of ARL is always 
accompanied 
by STR = 1.) 
3. In master mode, if the program sent a repeated start, 


but another device sent a 1, and it drove SCL low 
before this B3C751 could drive SDA low. 
4. In master mode, if the program sent stop, but it could 
not be sent because another device sent a O. 


STR 
"STaRt" is set to a 1 when an 12Cstart condition is 
detected at a non-idle slave or at a master. (STR is not set 
when an idle slave becomes active due to a start bit; the 
slave has nothing useful to do until the rising edge of SCL 
sets DRDY.) 


STP 
"SToP" is set fo 1 when an 12Cstop condition is detected 
at a non-idle slave or at a master. (STP is not set for a 
stop condition at an idle slave.) 


MASTER "MASTER" is 1 if this B3C751 is currently a master on the 


12C.MASTER is set when MASTRO is 1 and the bus is 
not busy (Le., if a start bit hasn't been received since reset 
or a "Timer I" time-out, or if a stop has been received since 
the last start). MASTER is cleared when ARL is set, or 
after the software writes MASTRO = 0 and then XSTP = 1. 


Writing 12CON 


Typically, for each bit in an 12Cmessage, a service routine waits for 
ATN = 1. Based on DRDY, ARL, STR, and STP, and on the current 
bit position in the message, it may then write 12CON with one or 
more of the following bits, or it may read or write the 12DATregister. 


CXA 
Writing a 1 to "Clear Xmit Active" clears the Transmit 
Active state. (Reading the 12DATregister also does this.) 


Transmit Active is set by writing the 12DAT register, or by writing 
12CON with XSTR = 1 or XSTP = 1. The 12Cinterface will only drive 
the SDA line low when Transmit Active is sef, and the ARL bit will 


only be set to 1 when Transmit Active is set. Transmit Active is 
cleared bYJeading the 12DATregister, or by writing 12CON with 
CXA = 1. Transmit Active is automatically cleared when ARL is 1. 


IDLE 
Writing 1 to "IDLE" causes a slave's 12Chardware to 
ignore the 12Cuntil the next start condition (but if MASTRO 
is 1, then a stop condition will make the 83C751 into a 
master). 


Writing a 1 to "Clear Data Ready" clears DRDY. (Reading 
or writing the 12DAT register also does this.) 


Writing a 1 to "Clear Arbitration Loss" clears the ARL bit. 


Writing a 1 to "Clear STaRt" clears the STR bit. 


Writing a 1 to "Clear SToP" clears the STP bit. Note that if 
one or more of DRDY, ARL, STR, or STP is 1, the low time 
of SCL is stretched until the service routine responds by 
clearing them. 


XSTR 
Writing 1s to "Xmit repeated STaRt" and COR tells the 12C 
hardware to send a repeated start condition. This should 


only be at a master. Note that XSTR need not and should 
not be used to send an "initial" (nonrepeated) start; it is 
sent automatically 
by the 12Chardware. Writi89 XSTR = 1 


includes the effect of writing 12DATwith XDAT = 1; it sets 
Transmit Active and releases SDA to high during the SCL 
low time. After SCL goes high, the 12Chardware waits for 
the suitable minimum time and then drives SDA low to 
make the start condition. 


XSTP 
Writing 1s to "Xmit SToP" and COR tells the 12Chardware 
to send a stop condition. This should only be done at a 
master. If there are no more messages to initiate, the 
service routine should clear the MASTRO bit in 12CFG to 0 
before Writing XSTP with 1. Writing XSTP = 1 includes the 
effect of writing 12DATwith XDAT = 0; it sets Transmit 
Active and drives SDA low during the SCL low time. After 
SCL goes high, the 12Chardware waits for the suitable 
minimum time and then releases SDA to high to make the 
stop condition. 


CARL 


CSTR 


CSTP 


NOTE: Because of the manner in which register bit addressing is 
implemented in the 80C51 family, the 12CON register should never be 
altered by use of the SETB, CLR, CPL, MOV (bit), or JBC 
instructions. This is due to the fact that read and write functions of this 
register are different. Testing of 12CON bits via the JB and JNB 
instructions is supported. 


12C Register 
12DAT 


7 
6 


Read 
ROAT 
0 
0 
0 
0 
0 
0 
0 


Write 
XOAT 
X 
X 
X 
X 
X 
X 
X 


RDAT 
"Receive DATa" is captured from SDA every rising edge of 
SCL. Reading 12DATalso clears DRDY and the Transmit 
Active state. 


XDAT 
"Xmit Data" sets the data for the next bit. Writing 12DAT 
also clears DRDY and sets the Transmit Active state. 


Regarding Software Response TIme 


Because the 83C751 can run at 16MHz, and because the 12C 
interface is optimized for high-speed operation, it is quite likely that 
an 12Cservice routine will sometimes respond to DRDY (which is set 
at a rising edge of SCL) and write 12DATbefore SCL has gone low 
again. If XDAT were applied directly to SDA, this situation would 
produce an 12Cprotocol violation. The programmer need not worry 
about this possibility because XDAT is applied to SDA only when 
SCL is low. 


Conversely, a program that includes an 12Cservice routine may take 
a long time to respond to DRDY. Typically, an 12Croutine operates 
on a flag-polling basis during a message, with interrupts from other 
peripheral functions enabled. If an interrupt occurs, it will delay the 
response of the 12Cservice routine. The programmer need not worry 
about this very much either, because the 12Chardware stretches the 
SCL low time until the service routine responds. The only constraint 
on the response is that it must not exceed the TImer I time-out, 
which is at least 765 microseconds. 


12C Register 
12CFG 
7 


Read 
SLAVEN 
MASTRO 
0 
TIRUN 
- 
- 
eTl 
CTO 


Write 
SLAVEN 
MASTRO 
CLRTI 
TIRUN 
- 
- 
Cll 
CTO 


SLAVEN 
Writing a 1 to "SLAVe ENable" enables the slave 
functions of the 12Csubsystem. If SLAVEN and MASTRO 
are 0, the 12Chardware is disabled. This bit is cleared to 
o by reset and by an 12Ctime-out. 


MASTRO 
Writing a 1 to "MASTRO" requests mastership of the 12C. 
If a frame from another master is in progress when this 
bit is changed from 0 to 1, action is delayed until a stop 
condition is detected. Then, or immediately if a frame is 
not in progress, a start condition is sent and DRDY is set 
(thus making ATN 1 and generating an 12Cinterrupt). 
When a master wishes to release mastership status of 
the 12C,it writes a 1 to XSTP in 12CON. MASTRO is 
cleared by reset and by an 12Ctime-out. 


CLRTI 
Writing a 1 to this bit clears the TImer I interrupt flag. This 
bit position always reads as a O. 


TIRUN 
Writing a 1 to this bit lets TImer I run; a zero stops and 
clears it. Together with SLAVEN, MASTRO, and 
MASTER, this bit determines operational modes as 
shown in Table 4. 


CT1,0 
These two bits are programmed as a function of the OSC 
rate, to optimize the MIN HI and LO time of SCL when 
this 83C751 is a master on the 12C.The time value 
determined by these bits controls both of these 
parameters, and also the timing for stop and start 
conditions. These bits are cleared to 00 by reset. 


Values to be used in the CTl and CTO bits are shown in Table 5. To 
allow the 12Cbus to run at the maximum rate for a particular 
oscillator frequency, compare the actual oscillator rate to the fose 
max column in the table. The value for CTl and CTO is found in the 
first line of the table where fose max is greater than or equal to the 
actual frequency. 


The table also shows the oscl12 count for various settings of 
CT1/CTO. This allows calculation of the actual minimum high and 
low times for SCL as follows: 


SCL min highllow time (in microseconds) = 12· count / OSC (in MHz) 


For instance, at a 16MHz frequency, with CT1/CTO setto 
10, the 


minimum SCL high and low times will be 5.25f1S. 


The table also shows the Timer I timeout period (given in machine 
cycles) for each CT1/CTO combination. The timeout period varies 
because of the way in which minimum SCL high and low times are 
measured. When the 12Cinterface is operating, TImer I is preloaded 
at every SCL transition with a value dependent upon CT1/CTO. The 
preload value is chosen such that a minimum SCL high or low time 
has elapsed when TImer I reaches a count of 008 (the actual value 
preloaded into TImer I is 8 minus the oscl12 count). 


SLAVEN, 
MASTRQ, 
TIRUN 
OPERATING MODE 
MASTER 


All 0 
0 
The 12Cinterface is disabled. TImer I is cleared and does not run. This is the state assumed after a reset. If an 12C 
application wants to ignore the 12Cat certain times, it should write SLAVEN, MASTRQ, and TIRUN all to zero. 


All 0 
1 
The 12Cinterface is disabled. TImer I operates as a free-running time base. Use this mode only in non-12C 
applications. 


Any or all 1 
0 
The 12Cinterface is enabled. The 3 low-order bits of TImer I run for min-time generation, but the hi-order bits do 
not, so that there is no checking for 12Cbeing "hung." This configuration can be used for very slow 12Coperation. 


Any or all 1 
1 
The 12Cinterface is enabled. Timer I runs during frames on the 12C,and is cleared by transitions on SCL, and by 
Start and Stop conditions. This is the normal state for 12Coperation. 


CT1,CTO 
OSC/12 COUNT 
foscMAX 
TIMEOUT PERIOD 


10 
7 
16.8MHz 
1023 cycles 


01 
6 
14AMHz 
1022 cycles 


00 
5 
12.0MHz 
1021 cycles 


11 
4 
9.6MHz 
1020 cycles 


12CRegister 
12STA 


READ ONLY 
7 
6 


This register is read only and reflects the internal status of the 12C 
hardware. IDLE, XSTR, and XSTP reflect the status of the like 
named bits in the 12CON register. 


XDATA 


XACTV 


MAKSTR 


The content of the transmitter buffer. 


Transmitter active. 


This bit is high while the hardware is effecting a start 
condition. 


This bit is high while the hardware is effecting a stop 
condition. 


This bit is active while the hardware is effecting a 
repeated start condition. 


This bit is active while the hardware is effecting a 
repeated stop condition. 


Interrupts 
The interrupt structure is a five-source, one-level interrupt system. 
Interrupt sources common to the 80C51 are the external interrupts 
(TIIITll,TJIlTT)and the timer/counter interrupt (ETO). The 12Cinterrupt 
(E12)and TImer I interrupt (ETI) are the other two interrupt sources. 
The interrupt sources are listed below in their order of polling 
sequence priority. 


Upon interrupt or reset the program counter is loaded with specific 
values for the appropriate interrupt service routine in program 
memory. These values are: 


Program 
Memory 


Address 
000 
003 
OOB 
013 
01B 
023 


Event 
Reset 
INTO 
Counterffimer 
0 
INTl 
TImer I 


12C 


Priority 
Highest 


The interrupt enable register (IE) is used to individually enable or 
disable the five sources. Bit E}I; in the interrupt enable register can 
be used to globally enable or disable all interrupt sources. The 
interrupt enable register is described below. All other interrupt details 
are based on the 80C51 interrupt architecture. 


Interrupt 
Enable Register 
7 
6 
5 


Symbol 
Position 
Function 
E}I; 
IE.7 
Disables all interrupts. If EA = 0, no interrupt 
will be acknowledged. 
If EA = 1, each 


interrupt source is individually enabled or 
disabled by setting or clearing its enable bit 


IE.6 
Reserved 


IE.5 
Reserved 


EI2 
lEA 
Enables or disables the 12Cinterrupt. 
If EI2 = 0, the 12Cinterrupt is disabled 


ETI 
IE.3 
Enables or disables the TImer I overflow 
interrupt. If ETI = 0, the TImer I interrupt is 
disabled. 


EXl 
IE.2 
Enables or disables external interrupt 1. 
If EX1 = 0, external interrupt 1 is disabled. 


ETO 
IE.1 
Enables or disables the TImer 0 overflow 
interrupt. If ETO= 0, theTImer 0 interrupt is 
disabled. 


EXO 
IE.O 
Enables or disables external interrupt O. 
If EXO= 0, external interrupt 0 is disabled. 


EPROM 
Characteristics 
The 87C751 is programmed by using a modified Quick-Pulse 
Programming algorithm similar to that used for devices such as the 
87C451 and 87C51. It differs from these devices in that a serial data 
stream is used to place the 87C751 in the programming mode. 


Figure 5 shows a block diagram of the programming configuration 
for the 87C751. Port pin PO.2 is used as the programming voltage 
supply input (Vpp signal). Port pin PO.1 is used as the program 
(PGMI) signal. This pin is used for the 25 programming pulses. 


Port 3 is used as the address input for the byte to be programmed 
and accepts both the high and low components of the eleven bit 
address. Multiplexing of these address components is performed 
using the ASEL input. The user should drive the ASEL input high 
and then drive port 3 with the high order bits of the address. ASEL 
should remain high for at least 13 clock cycles. ASEL may then be 
driven low which latches the high order bits of the address intemally. 
the high address should remain on port 3 for at least two clock 
cycles after ASEL is driven low. Port 3 may then be driven with the 
low byte of the address. The low address will be intemally stable 13 
clock cycles later. The address will remain stable provided that the 
low byte placed on port 3 is held stable and ASEL is kept low. Note: 
ASEL needs to be pulsed high only to change the high byte of the 
address. 


Port 1 is used as a bidirectional data bus during programming and 
verify operations. During programming mode, it accepts the byte to 
be programmed. During verify mode, it provides the contents of the 
EPROM location specified by the address which has been supplied 
to Port 3. 


The XTAL 1 pin is the oscillator input and receives the master system 
clock. This clock should be between 1.2 and 6MHz. 


The RESET pin is used to accept the serial data stream that places 
the 87C751 into various programming modes. This pattem consists 
of a 1O-bit code with the LSB sent first. Each bit is synchronized to 
the clock input, X1. 


Programming 
Operation 
Figures 6 and 7 show the timing diagrams for the programlverify 
cycle. RESET should initially be held high for at least two machine 
cycles. PO.1 (PGMI) and PO.2 (Vpp) will be at VOH as a result of the 
RESET operation. At this point, these pins function as normal 
quasi-bidirectional 
1/0 ports and the programming equipment may 


pull these lines low. However, prior to sending the 1O-bit code on the 
RESET pin, the programming equipment should drive these pins 
high (VIH)' The RESET pin may now be used as the serial data input 
for the data stream which places the 87C751 in the programming 
mode. Data bits are sampled during the clock high time and thus 
should only change during the time that the clock is low. Following 
transmission of the last data bit, the RESET pin should be held low. 


Next the address information for the location to be programmed is 
placed on port 3 and ASEL is used to perform the address 
multiplexing, as previously described. At this time, port 1 functions 
as an output. 


A high voltage Vpp level is then applied to the Vpp input (PO.2). 
(This sets Port 1 as an input port). The data to be programmed into 
the EPROM array is then placed on Port 1. This is followed by a 
series of programming pulses applied to the PGMI pin (PO.1). These 
pulses are created by driving PO.1 low and then high. This pulse is 
repeated until a total of 25 programming pulses have occurred. At 
the conclusion of the last pulse, the PGMI signal should remain high. 


The Vpp signal may now be driven to the VOH level, placing the 
87C751 in the verify mode. (Port 1 is now used as an output port). 
After four machine cycles (48 clock periods), the contents of the 
addressed location in the EPROM array will appear on Port 1. 


The next programming cycle may now be initiated by placing the 
address information at the inputs of the multiplexed buffers, driVing 
the Vpp pin to the Vpp voltage level, providing the byte to be 
programmed to Port1 and issuing the 26 programming pulses on the 
PGMI pin, bringing V pp back down to the Vc level and verifying the 
byte. 


Programming 
Modes 
The 87C751 has four programming features incorporated within its 
EPROM array. These include the USER EPROM for storage of the 
application's code. a 16-byte encryption key array and two security 
bits. Programming and verification of these four elements are 
selected by a combination of the serial data stream applied to the 
RESET pin and the voltage levels applied to port pins PO.1 and 
PO.2. The various combinations are shown in Table 6. 


Encryption 
Key Table 
The 87C751 includes a 16-byte EPROM array that is programmable 
by the end user. The contents of this array can then be used to 
encrypt the program memory contents during a program memory 
verify operation. When a program memory verify operation is 
performed, the contents of the program memory location is 
XNOR'ed with one of the bytes in the 16-byte encryption table. The 
resulting data pattem is then provided to port 1 as the verify data. 
The encryption mechanism can be disable, in essence, by leaving 
the bytes in the encryption table in their erased state (FFH) since 
the XNOR product of a bit with a logical one will result in the original 
bit. The encryption bytes are mapped with the code memory in 
16-byte groups. the first byte in code memory will be encrypted with 
the first byte in the encryption table; the second byte in code 
memory will be encrypted with the second byte in the encryption 
table and so forth up to and including the 16the byte. The encryption 
repeats in 16-byte groups; the 17th byte in the code memory will be 
encrypted with the first byte in the encryption table, and so forth. 


Security 
Bits 
Two security bits, security bit 1 and security bit 2, are provided to 
limit access to the USER EPROM and encryption key arrays. 
Security bit 1 is the program inhibit bit, and once programmed 
performs the following functions: 
1. Additional programming of the USER EPROM is inhibited. 


2. 
Additional programming of the encryption key is inhibited. 


3. 
Verification of the encryption key is inhibited. 


4. 
Verification of the USER EPROM and the security bit levels may 
still be performed. 


(If the encryption key array is being used, this security bit should be 
programmed by the user to prevent unauthorized parties from 
reprogramming the encryption key to all logical zero bits. Such 
programming would provide data during a verify cycle that is the 
logical complement of the USER EPROM contents). 


Security bit 2, the verify inhibit bit, prevents verification of both the 
USER EPROM array and the encryption key arrays. The security bit 
levels may still be verified. 


Programming 
and Verifying 
Security 
Bits 


Security bits are programmed employing the same techniques used 
to program the USER EPROM and KEY arrays using serial data 
streams and logic levels on port pins indicated in Table 6. When 
programming either security bit, it is not necessary to provide 
address or data information to the 87C751 on ports 1 and 3. 


Verification occurs in a similar manner using the RESET serial 
stream shown in Table 6. Port 3 is not required to be driven and the 
results of the verify operation will appear on ports 1.6 and 1.7. 


Ports 1.7 contains the security bit 1 data and is a logical one if 
programmed and a logical zero if erased. Likewise, Pl.6 contains 
the security bit 2 data and is a logical one if programmed and a 
logical zero if erased. 


Erasure Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have wavelengths in this 
range, exposure to these light sources over an extended time (about 


1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. 
For this and secondary 
effects, 


it is recommended 
that an opaque 
label be placed over the 


window. 
For elevated temperature or environments where solvents 


are being used, apply Kapton tape Flourtess part number 2345-5 or 
equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-s1cm2. 
Exposing the EPROM to an ultraviolet lamp of 12,0001lW/cm2 rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


Erasure leaves the array in an all 1s state. 


OPERATION 
SERIAL CODE 
PO.1 (PGMI) 
PO.2(Vpp) 


Program user EPROM 
296H 
-' 
Vpp 
Verify user EPROM 
296H 
VIH 
VIH 
Program key EPROM 
292H 
-' 
Vpp 
Verify key EPROM 
292H 
VIH 
VIH 
Program security bit 1 
29AH 
-' 
Vpp 
Program security bit 2 
298H 
-' 
Vpp 
Verify security bits 
29AH 
VIH 
VIH 


VppNIHVOLTAGE 
SOURCE 


CLKSOURCE 


MIN 2 MACHINE 
I. 
CYCLES_I. 


RESET 
~ 


EPROM 
PROGRAMMING 
AND VERIFICATION 


Tamb = 21°C to +27"C, vcc = 5V ±10%, Vss = OV 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


1!tcLCL 
Oscillator/clock frequency 
1.2 
6 
MHz 


tAVGL' 
Address setup to PO.1 (PROG-) low 
1OIlS+ 24teLCL 


lGHAX 
Address hold after PO.1 (PROG-) high 
48teLCL 


tDVGL 
Data setup to PO.1 (PROG-) low 
38teLCL 


lGHDX 
Data hold after PO.1 (PROG-) high 
36teLCL 


tSHGL 
Vpp setup to PO.1 (PROG-) 
low 
10 
IlS 


lGHSL 
Vpp hold after PO.1 (PROG-) 
10 
IlS 


lGLGH 
PO.1 (PROG-) width 
90 
110 
IlS 


tAva'; 
Vpp low (Vcel to data valid 
48teLCL 


lGHGL 
PO.1 (PROG-) 
high to PO.1 (PROG-) 
low 
10 
IlS 


tMASEL 
ASEL high time 
13teLCL 


lHAHLD 
Address hold time 
2teLCL 


lHASET 
Address setup to ASEL 
13teLCL 


tADSTA 
Low address to valid data 
48teLCL 
NOTES: 
1. Address should be valid at least 24teLCL before the rising edge of PO.2 (Vpp). 
2. 
For a pure verify mode, i.e., no program mode in between, tAvav is 14teLCL maximum. 


12.75;V 


PO.2 (Vpp) 
SV 
. 
---------~ 
r- 'SHGL 
\SV 
-1 
~"""''G-HS-L----- 


I 
I 
L--fiJL~---- 


I- 
-I'MASEL 
-1 Ie-IGHGL 


po.o(ASEL) ~J 
\~ 
r=_IAV_G_L 
'_O\1S_M_IN 
_ 


'HASETr-----1--: t~AHLD 


PORT3 ==:x 
HIGHADDRESS 
X~~~~~L_O-W~_A-D~D~R_E-S~S~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~= 
H 'DVGL 
'GHDXr-+- 'Avav --1 


Purchase 
of Philips 
r2c components 
conveys 
a license 
under 
the 
Philips' 
12C patent 


to 
use 
the 
components 
in 
the 
12C system 
provided 
the 
system 
conforms 
to 
the 
12C specifications 
defined 
by 
Philips. 
This 
specification 
can 
be 
ordered 
using 
the 


code 
9398 393 40011. 


CMOS single-chip 
8-bit microcontroller 
with AID, PWM 


DESCRIPTION 
The Philips 83C752187C752 
offers many of the advantages 
of the 
80C51 architecture 
in a small package 
and at low cost. 


The 8XC752 
Microcontroller 
is fabricated 
with Philips high-density 


CMOS technology. 
Philips epitaxial 
substrate 
minimizes 
CMOS 


latch-up 
sensitivity. 


The 8XC752 
contains 
a 2k x 8 ROM (83C752) 
EPROM 
(87C752), 
a 


64 x 8 RAM, 21 I/O lines, a 16-bit auto-reload 
counter/timer, 
a 


fixed-priority 
level interrupt 
structure, 
a bidirectional 
inter-integrated 
circuit (12C) serial bus interface, 
an on-ehip 
oscillator, 
a five channel 


multiplexed 
8-bit AID converter, 
and an 8-bit PWM output. 


The onboard 
inter-integrated 
circuit (12C) bus interface 
allows the 


8XC752 
to operate 
as a master or slave device on the 12Csmall 


area network. 
This capability 
facilitates 
I/O and RAM expansion, 
access to EEPROM, 
processor-to-processor 
communication, 
and 


efficient 
interface 
to a wide variety of dedicated 
12Cperipherals. 


The EPROM 
version 
of this device, the 87C752, 
is also available 
in 
both quartz-lid 
erasable 
and plastic one-time 
programmable 
(OTP) 
packages. 
Once the array has been programmed, 
it is functionally 


equivalent 
to the masked 
ROM 83C752. 
Thus, unless explicitly 


stated otherwise, 
all references 
made to the 83C752 
apply equally 


to the 87C752. 


The 83C752 
supports 
two power reduction 
modes of operation 


referred 
to as the idle mode and the power-down 
mode. 


• Available 
in erasable 
quartz lid or One-Time 
Programmable 
plastic 
packages 


• 80C51 based architecture 


• Inter-integrated 
Circuit (12C) serial bus interface 


• Small package 
sizes 


- 
28-pin DIP 


- 
28-pin 
PLCC 


- 
28-pin SSOP 


• Wide oscillator 
frequency 
range 


• Low power consumption: 


- 
Normal operation: 
less than 11mA @ 5V, 12MHz 


- 
Idle mode 


- 
Power-down 
mode 


• 2k x 8 ROM (83C752) 


EPROM 
(87C752) 


·64x8RAM 


• 5-channel 
8-bit AID converter 


• 8-bit PWM outputltimer 


• Fixed-rate 
timer 


• Boolean 
processor 


• CMOS and TIL 
compatible 


• Well suited for logic replacement, 
consumer 
and industrial 
applications 


Vec 


P3.51A5 


P3.61A6 


P3.7/A7 


PO.4IPWMoUT 


PO.3 


Pl.7fT0ID7 


Pl.6IlmT1D6 


P1.sMrn!ID5 


AVec 


AVss 


Pl.4/AOC4/D4 


Pl.31ADC3ID3 


Pl.21AOC21D2 


26 


11 
19 


12 
18 
Pin 
Function 
Pin 
Function 
1 
P3.41A4 
15 
P1.21ADC2ID2 


2 
P3.31A3 
16 
Pl.31AOC3ID3 


3 
P3.21A2JA10 
17 
Pl.41AOC41D4 


4 
P3.1/A1/A9 
16 
AVss 
5 
P3.OIA01A6 
19 
AVec 


6 
PO.2Npp 
20 
Pl.sMrn!ID5 


7 
PO.1/SDAlOE·PGM21 
Pl.6IlmT1D6 


8 
PO.OISCUASEL 
22 
Pl.7fT0ID7 


9 
RST 
23 
PO.3 
10 
X2 
24 
PO.4/PWMOUT 


11 
Xl 
25 
P3.7/A7 
12 
vss 
26 
P3.61A6 


'3 
Pl.OIAOCOIDO 
27 
P3.51A5 


14 
P,.1/AOC1/1)l 
28 
Vec 


SU00318 


ROM 
EPROM 
TEMPERATURERANGEoC 
FREQUENCY 
DRAWING 


AND PACKAGE 
NUMBER 


S87C752-1 F28 
UV 
o to +70, 28-pin Ceramic Dual In-line Package 
3.5 to 12MHz 
0589B 


S87C752-2F28 
UV 
-40 to +85, 28-pin Ceramic Dual In-line Package 
3.5 to 12MHz 
0589B 


S87C752-4F28 
UV 
o to +70, 28-pin Ceramic Dual In-line Package 
3.5 to 16MHz 
0589B 


S87C752-5F28 
UV 
-40 to +85, 28-pin Ceramic Dual In-line Package 
3.5 to 16MHz 
0589B 


S83C752-1 DB 
S87C752-1DB 
OTP 
o to +70, 28-pin Plastic Shrink Small Outline Package 
3.5 to 12MHz 
SOT341-1 


SB3C752-1 N28 
S87C752-1 N28 
OTP 
o to +70, 28-pin Plastic Dual In-line Package 
3.5 to 12MHz 
SOT117-2 


S83C752-2N28 
S87C752-2N28 
OTP 
-40 to +85, 28-pin Plastic Dual In-line Package 
3.5 to 12MHz 
SOT117-2 


S83C752-4DB 
S87C752-4DB 
OTP 
o to +70, 28-pin Plastic Shrink Small Outline Package 
3.5 to 16MHz 
SOT341-1 


S83C752-4N28 
S87C752-4N28 
OTP 
o to +70, 28-pin Plastic Dual In-line Package 
3.5 to 16MHz 
SOT117-2 


S83C752-5N28 
S87C752-5N28 
OTP 
-40 to +85, 28-pin Plastic Dual In-line Package 
3.5 to 16MHz 
SOT117-2 


S83C752-1A28 
S87C752-1 A28 
OTP 
o to +70, 28-pin Plastic Leaded Chip Carrier 
3.5 to 12MHz 
SOT261-3 


S83C752-2A28 
S87C752-2A28 
OTP 
-40 to +85, 28-pin Plastic Leaded Chip Carrier 
3.5 to 12MHz 
SOT261-3 


S83C752-4A28 
S87C752-4A28 
OTP 
o to +70, 28-pin Plastic Leaded Chip Carrier 
3.5 to 16MHz 
SOT261-3 


S83C752-5A28 
S87C752-5A28 
OTP 
-40 to +85, 28-pin Plastic Leaded Chip Carrier 
3.5 to 16MHz 
SOT261-3 


S83C752-6A28 
S87C752-6A28 
OTP 
-55 to +125, 28-pin Plastic Leaded Chip Carrier 
3.5 to 12MHz 
SOT261-3 


S83C752-6N28 
S87C752-6N28 
OTP 
-55 to +125, 28-pin Plastic Dual In-line Package 
3.5 to 12MHz 
SOT117-2 
NOTE: 
1. OTP = One Time Programmable 
EPROM. 
UV = UV Erasable EPROM. 
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MNEMONIC 
PIN NO. 
TYPE 
NAME AND FUNCTION 


Vss 
12 
I 
Circuit 
Ground 
Potential. 


Vcc 
28 
I 
Supply voltage 
during 
normal, 
idle, and power-down 
operation. 


PO.o-PO.4 
6--6 
1/0 
Port 0: Port 0 is a 5-bit bidirectional port. Port 0.o-PO.2 are open drain. Port 0.o-PO.2 pins that have 
23,24 
1s written to them float, and in that state can be used as high-impedance 
inputs. PO.3--PO.4are 


bidirectional 1/0 port pins with intemal pull-ups. Port 0 also serves as the serial 12Cinteriace. When this 
feature is activated by software, SCL and SDA are driven low in accordance with the 12Cprotocol. 
These pins are driven low if the port register bit is written with a 0 or if the 12Csubsystem presents a O. 
The state of the pin can always be read from the port register by the program. Port 0.3 and 0.4 have 
internal pull-ups that function identically to port 3. Pins that have 1S written to them are pulled high by 
the intemal pull-ups and can be used as inputs. 


To comply with the 12Cspecification, PO.Oand PO.1 are open drain bidirectional 1/0 pins with the 
electrical characteristics 
listed in the tables that follow. While these differ from "standard TIL" 


characteristics, they are close enough for the pins to still be used as general-purpose 
1/0 in non-12C 


applications. 


6 
I 
Vpp (PO.2) - Programming voltage input. (See Note 2.) 


7 
I 
OElPGM (PO.1) - Input which specifies verify mode (output enable) or the program mode. 
OElPGM = 1 output enabled (verify mode). 
OElPGM = 0 program mode. 


8 
I 
ASEL (PO.O)- Input which indicates which bits of the EPROM address are applied to port 3. 
ASEL = 0 low address byte available on port 3. 
ASEL = 1 high address byte available on port 3 (only the three least significant bits are used). 


P1.o-P1.7 
13--17, 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 1 pins that have 1S written to 
20-22 
them are pulled high by the internal pull-ups and can be used as inputs. PO.3--PO.4pins are 
bidirectional 1/0 port pins with intemal pull-ups. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: I,u. Port 1 also 
serves the special function features of the SC80C51 family as listed below: 


20 
I 
fIiITlj (P1.5): Extemal interrupt. 


21 
'1: 
lNTf (P1.6): External interrupt. 


22 
TO (P1. 7): Timer 0 external input. 


13--17 
I 
ADCO (P1.0)-ADC4 
(P1.4): Port 1 also functions as the inputs to the five channel multiplexed AID 


converter. These pins can be used as outputs only if the AID function has been disabled. These pins 
can be used as inputs while the AID converter is enabled. 


Port 1 serves to output the addressed EPROM contents in the verify mode and accepts as inputs the 
value to program into the selected address during the program mode. 


P3.o-P3.7 
5-1, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s written to 
27-25 
them are pulled high by the intemal pull-ups and can be used as inputs. As inputs, port 3 pins that are 
externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: 
IIU. Port 3 also functions as the address input for the EPROM memory location to be 


programmed (or verified). The 11-bit address is multiplexed into this port as specified by PO.O/ASEL. 


RST 
9 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running resets the device. An 
internal diffused resistor to Vss permits a power-on RESET using only an extemal capacitor to Vcc. 
After the device is reset, a 1O-bit serial sequence, sent LSB first, applied to RESET, places the device 
in the programming state allowing programming address, data and Vpp to be applied for programming 
or verification purposes. The RESET serial sequence must be synchronized with the X1 input. 


X1 
11 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. X1 


also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming state. 


X2 
10 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


AVcc1 
19 
I 
Analog 
supply 
voltage 
and reference 
input. 


AVSSl 
18 
I 
Analog supply 
and reference 
ground. 


NOTE: 
1. AVss (reference ground) must be connected to OV (ground). AVcc (reference input) cannot differ from Vcc by more than ±O.2V, and must be 


in the range 4.5V to 5.5V. 
2. 
When PO.2 is at or close to OV,it may affect the intemal ROM operation. We recommend that PO.2 be tied to Vcc via a small pull-up 
(e.g., 2kQ). 


OSCILLATOR 
CHARACTERISTICS 


Xl and X2 are the input and output, respectively, of an inverting 
amplifier which can be configured for use as an on-chip oscillator. 


To drive the device from an extemal clock source, Xl should be 
driven while X2 is left unconnected. There are no requirements on 
the duty cycle of the extemal clock signal, because the input to the 
intemal clock circuitry is through a divide-by-two flip-flop. However, 
minimum and maximum high and low times specified in the data 
sheet must be observed. 


IDLE MODE 
The 8XC752 includes the 80C51 power-down and idle mode 
features. In idle mode, the CPU puts itself to sleep while all of the 
on-chip peripherals except the NO and PWM stay active. The 
functions that continue to run while in the idle mode are Timer 0, the 
12Cinterface including Timer I, and the interrupts. The instruction to 
invoke the idle mode is the last instruction executed in the normal 
operating mode before the idle mode is activated. The CPU 
contents, the on-chip RAM, and all of the special function registers 
remain intact during this mode. The idle mode can be terminated 
either by any enabled interrupt (at which time the process is picked 
up at the interrupt service routine and continued), or by a hardware 
reset which starts the processor in the same manner as a power-on 
reset. Upon powering-up the circuit, or exiting from idle mode, 
sufficient time must be allowed for stabilization of the internal analog 
reference voltages before an NO conversion is started. 


Special 
Function 
Registers 


The special function registers (directly addressable only) contain all 
of the 8XC751 registers except the program counter and the four 
register banks. Most of the 21 special function registers are used to 
control the on-chip peripheral hardware. Other registers Include 
arithmetic registers (ACC, B, PSW), stack pointer (SP) and data 
pointer registers (DPH, DPL). Nine of the SFRs are bit addressable. 


Data Pointer 
The data pointer (DPTR) consists of a high byle (DPH) and a low 
byle (DPL). In the 80C51 this register allows the access of external 
data memory using the MOVX instruction. Since the 83C752 does 
not support MOVX or external memory accesses, this register is 
generally used as a 16-bit offset pointer of the accumulator in a 
MOVC instruction. DPTR may also be manipulated as two 
independent 8-bit registers. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is stopped and the instruction 
to invoke power-down is the last instruction executed. Only the 
contents of the on-chip RAM are preserved. A hardware reset is the 
only way to terminate the power-down mode. The control bits for the 
reduced power modes are in the special function register PCON. 


Table 
1. External 
Pin Status 
During 
Idle and 
Power-Down 
Modes 


MODE 
Port O· 
Port 1 
Port 2 


Idle 
Data 
Data 
Data 
Power-down 
Data 
Data 
Data 


DIFFERENCES 
BETWEEN 
THE 8XC752 
AND 


THE 80C51 


Program 
Memory 
On the 8XC752, program memory is 2048 byles long and is not 
externally expandable, so the 80C51 instructions MOVX, UMP, and 
LCALL are not implemented. If these instructions are executed, the 
appropriate number of instruction cycles will take place along with 
external fetches; however, no operation will take place. The LJMP 
may not respond to all program address bits. The only fixed 
locations in program memory are the addresses at which execution 
is taken up in response to reset and interrupts, which are as follows: 
Program 
Memory 
Address 
000 
003 
OOB 
013 
01B 
023 
02B 
033 


Event 
Reset 
External JlilTlj 
Counterltimer 0 
ExtemallJilTl 
Timer I 
12Cserial 
ADC 
PWM 


Memory 
Organization 
The 8XC752 manipulates operands in three memory address 
spaces. The first is the program memory space which contains 
program instructions as well as constants such as look-up tables. 
The program memory space contains 2k byles in the 8XC752. 


The second memory space is the data memory array which has a 
logical address space of 128 byles. However, only the first 64 (0 to 
3FH) are implemented in the 8XC752. 


The third memory space is the special function register array haVing 
a 128-byle address space (80H to FFH). Only selected locations in 
this memory space are used (see Table 2). Note that the 
architecture of these memory spaces (intemal program memory, 
intemal data memory, and special function registers) is identical to 
the 80C51 , and the 8XC752 varies only in the amount of memory 
physically implemented. 


The 8XC752 does not directly address any external data or program 
memory spaces. For this reason, the MOVX instructions in the 
80C51 instruction set are not implemented in the 83C752, nor are 
the alternate 1/0 pin functions mJ and WR. 


ALTERNATE 


OUTPUT 
FUNCTION 


ALTERNATE 
OUTPUT 
FUNCTION 


VO Ports 
The I/O pins provided by the 83C752 consist of port 0, port 1, and 
port 3. 


Port 0 
Port 0 is a 5-bit bidirectional I/O port and includes alternate functions 
on some pins of this port. Pins PO.3 and PO.4 are provided with 
internal pullups while the remaining pins (PO.O,PO.l, and PO.2) have 
open drain output structures. The alternate functions for port 0 are: 


PO.O 
SCL 
- 
the 12Cbus clock 
PO.l 
SDA 
- 
the 12Cbus data 
PO.4 
PWM - 
the PWM output 


If the alternate functions, 12Cand PWM, are not being used, then 
these pins may be used as I/O ports. 


Port 1 
Port 1 is an 8-bit bidirectional I/O port whose structure is identical to 
the 80C51 , but also includes alternate input functions on all pins. 
The alternate pin functions for port 1 are: 


Pl.0-P1.4 
- ADCO-ADC4 - AID converter analog inputs 


P1.5 If\lTO - external interrupt 0 input 
Pl.61J\1T1 - external interrupt 1 input 
Pl.7 - TO - timer 0 external input 


If the alternate functions 1f\lTO,1J\IT1,or TO are not being used, these 
pins may be used as standard I/O ports. It is necessary to connect 
AVcc and AVss to Vcc and Vss, respectively, in order to use these 
pins as standard I/O pins. When the AID converter is enabled, the 
analog channel connected to the AID may not be used as a digital 
input; however, the remaining analog inputs may be used as digital 
inputs. They may not be used as digital outputs. While the AID is 
enabled, the analog inputs are floating. 


Port 3 
Port 3 is an 8-bit bidirectional I/O port whose structure is identical to 
the 80C5l. 
Note that the alternate functions associated with port 3 
of the 80C5l 
have been moved to port 1 of the 83C752 (as 


applicable). See Figure 1 for port bit configurations. 


CounterlTimer Subsystem 
The 8XC752 has one counter/timer called timer/counter 
O. Its 


operation is similar to mode 2 operation on the 80C5l , but is 
extended to 16 bits with 16 bits of autoload. The controls for this 
counter are centralized in a single register called TCON. 


A watchdog timer, called Timer I, is for use with the 12Csubsystem. 
In 12Capplications, this timer is dedicated to time-generation 
and 
bus monitoring of the 12C.In non-12Capplications, it is available for 
use as a fixed time-base. 


Interrupt Subsystem-Fixed 
Priority 


The IP register and the 2-level interrupt system of the 80C51 are 
eliminated. The interrupt structure is a seven-source, 
one-level 


interrupt system similar to the 8XC751. Simultaneous interrupt 
conditions are resolved by a single-level, fixed priority as follows: 
Highest priority: 
Pin If\lTO 
Counterltimer flag 0 
Pin fI\lTT 
PWM 
Timer I 
Serial12C 
Lowest priority: 
ADC 


The vector addresses are as follows: 


Source 
INTO 
TFO 
INT1 
TIMER I 
SIO 
ADC 
PWM 


Vector Address 
0003H 
OOOBH 
0013H 
00lBH 
0023H 
002BH 
0033H 


Interrupt 
Control 
Registers 
The 80C51 interrupt enable register is modified to take into account 
the different interrupt sources of the 8XC752. 


Position Symbol 
IE.7 
EA 
IE.6 
EAD 
IE.5 
ETI 
lEA 
ES 


IE.3 
EPWM 
IE.2 
EX1 


IE.1 
ETO 


IE.O 
EXO 


Function 
Global interrupt disable when EA = 0 
AID conversion complete 
TImer I 
12Cserial port 
PWM counter overflow 
Extemal interrupt 1 
TImer 0 overflow 
Extemal interrupt 0 


serial 
Communications 
The 8XC752 contains an 12Cserial communications 
port instead of 
the 80C51 UART. The 12Cserial port is a single bit hardware 
interface with all of the hardware necessary to support multimaster 
and slave operations. Also included are receiver digital filters and 
timer (timer I) for communication watch-dog purposes. The 12C 
serial port is controlled through four special function registers; 12C 
control, 12Cdata, 12Cstatus, and 12Cconfiguration. 


The 12Cbus uses two wires (SDA and SCl) to transfer information 
between devices connected to the bus. The main technical features 
of the bus are: 


• Bidirectional data transfer between masters and slaves 


• Serial addressing of slaves 


• Acknowledgment 
after each transferred byte 


• Multimaster bus 


• Arbitration between simultaneously transmitting master without 
corruption of serial data on bus 


• With 82B715, communication 
distance is extended to beyond 100 


feet (30M) 


A large family of 12Ccompatible ICs is available. See the 12Csection 
for more details on the bus and available ICs. 


The 83C752 12Csubsystem includes hardware to simplify the 
software required to drive the 12Cbus. This circuitry is the same as 
that on the 83C751. (See the 83C751 section for a detailed 
discussion of this subsystem). 


Pulse Width Modulation 
Output 
(PO.4) 


The PWM outputs pulses of programmable length and interval. The 
repetition frequency is defined by an 8-M prescaler which generates 
the clock for the counter. The prescaler register is PWMP. The 
prescaler and counter are not associated with any other timer. The 
8-bit counter counts modulo 255, that is from 0 to 254 inclusive. The 
value of the 8-bit counter is compared to the contents of a compare 
register, PWM. When the counter value matches the contents of this 
register, the output of the PWM is set high. When the counter reaches 
zero, the output of the PWM is set low. The pulse width ratio (duty 
cycle) is defined by the contents of the compare register and is in the 
range of 0 to 1 programmed in increments of 1/255. The PWM output 
can be set to be continuously high by loading the compare register 
with 0 and the output can be set to be continuously low by loading the 
compare register with 255. The PWM output is enabled by a bit in a 
special function register, PWENA. When enabled, the pin output is 
driven with a fUlly active pull-up. That is, when the output is high, a 
strong pull-up is continuously applied. when disabled, the pin 
functions as a normal bidirectional VO pin, however, the counter 
remains active. 


The PWM function is disabled during RESET and remains disabled 
after reset is removed until re-enabled by software. The PWM output 
is high during power down and idle. The counter is disabled during 
idle. The repetition frequency of the PWM is given by: 


fpWM= fose /2 (1 + PWMP) 255 


The low/high ratio of the PWM signal is PWM / (255 - PWM) for 
PWM not equal to 255. For PWM = 255, the output is always low. 


The repetition frequency range is 92Hz to 23.5kHz for an oscillator 
frequency of 12MHz. 


An interrupt will be asserted upon PWM counter overflow if the 
interrupt is not masked off. 


The PWM output is an alternative function of POA. In order to use 
this port as a bidirectional I/O port, the PWM output must be 
disabled by clearing the enable/disable 
bit in PWENA. In this case, 


the PWM subsystem can be used as an interval timer by enabling 
the PWM interrupt. 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC· 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
Et 
EO 
OOH 


ADAT# 
AID result 
84H 
OOH 


ADCON# 
AID control 
AOH 
- 
- 
IENADC 
ADCI 
ADCS 
IAADR2 
AADR1 
AADRO 
COH 


B· 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


DPTR: 
Data pointer 
(2 bytes) 
DPl 
Data pointer low 
82H 
OOH 
DPH 
Data pointer high 
83H 
OOH 


OF 
DE 
DO 
DC 
DB 
DA 
09 
08 


12CFG·# 
12C configuration 
D8H/RD 
SLAVEN 
MASTRQ 
0 
I TIRUN 
- 
I 
- 
CT1 
I 
CTO 
OOOOxxOOB 


WR 
SLAVEN 
MASTRQ 
CLRTI 
I TIRUN 
- 
I 
- 
CT1 
I 
CTO 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


12CON"# 
12C control 
98H/RD 
RDAT 
ATN 
DRDY 
ARL 
STR 
STP 
MASTER 
- 
81H 


WR 
CXA 
IDLE 
COR 
CARL 
CSTR 
CSTP 
XSTR 
XSTP 


12DAT·# 
12C data 
99H/RD 
RDAT 
0 
0 
0 
0 
0 
0 
0 
80H 


WR 
XDAT 
X 
X 
X 
X 
X 
X 
X 


FF 
FE 
FD 
FC 
FB 
FA 
F9 
F8 


12STA·# 
12C status 
F8H 
- 
IDLE 
XDATA 
I XACTV 
MAKSTR I MAKSTP 
XSTR I XSTP 
x0100000B 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE·# 
Interrupt enable 
A8H 
EA 
EAD 
ETI 
I 
ES 
EPWM 
I 
EX1 
ETO I 
EXO 
OOH 


- 
- 
- 
84 
83 
82 
81 
80 
xxx11111B 


PO·# 
PortO 
80H 
- 
- 
- 
PWMO 
- 
I 
- 
SDA 
SCl 


97 
96 
95 
94 
93 
92 
91 
90 
FFH 


P1·# 
Port 1 
90H 
TO 
INTf 
INTO I ADC4 
ADC3 
ADC2 
ADC1 
I ADCO 


P3· 
Port 3 
BOH 
B7 
B6 
B5 
B4 
B3 
B2 
Bt 
BO 
FFH 


PCON# 
Power control 
87H 
- 
- 
- 
I 
- 
- 
- 
I 
PO 
I 
IDL 
xxxxOOOOB 


07 
06 
05 
04 
D3 
02 
01 
DO 


PSW· 
Program status word 
DOH 
CY 
I 
AC 
FO 
RS1 
I 
RSO 
OV 
I 
- 
I 
P 
OOH 


PWCM# 
PWMcompare 
8EH 
xxxxxxxxB 


PWENA# 
PWMenable 
FEH 
- 
I 
- 
- 
- 
- 
- 
I 
- 
PWE 
FEH 


PWMP# 
PWM prescaler 
8FH 
OOH 


RTL# 
Timer low reload 
8BH 
OOH 


RTH# 
Timer high reload 
8DH 
OOH 


SP 
Stack pointer 
81H 
07H 


TL# 
Timer low 
8AH 
OOH 


TH# 
Timer high 
8CH 
OOH 


BF 
8E 
BD 
BC 
BB 
BA 
89 
BB 


TCON"# 
TImer control 
88H 
GATE I 
CIT 
I 
TF 
TR 
I 
IEO 
ITO 
I 
IE1 
In 
OOH 


Special 
Function 
Register 
Addresses 
Special function registers for the 8XC752 are identical to those of 
the 80C51 , exceptfor 
the changes listed below: 


80C51 special function registers not present in the 8XC752 are 
TMOD (89), P2 (AO) and IP (B8). The 80C51 registers TH1, TL 1, 
SCON, and SBUF are replaced with the 8XC752 registers RTH, 
RTL, 12CON, and 12DAT,respectively. Additional special function 
registers are 12CFG (08) and 12STA(FB), ADCON (AO), ADAT (84), 
PWM (8E). PWMP (8F), and PWENA (FE). See Table 3. 


AID Converter 
The analog input circuitry consists of a 5-input analog multiplexer and 
an A to 0 converter with 8-bit resolution. The conversion takes 40 
machine cycles, Le., 40llS at 12MHz oscillator frequency. The AID 
converter is controlled using the ADCON control register. Input 
channels are selected by the analog multiplexer through ADCON 
register bits 0-2. 


The 83C752 contains a five-channel multiplexed 8-bit AID converter. 
The conversion requires 40 machine cycles (40l1s at 12MHz 
oscillator frequency). 


The AID converter is controlled by the AID control register, ADCON. 
Input channels are selected by the analog multiplexer by bits 
ADCON.O through ADCON.2. The ADCON register is not bit 
addressable. 


ADCI 


o 
o 
1 


ADCS 


o 
1 
o 


Operation 
ADC not busy, a conversion can be started. 
ADC busy, start of a new conversion is blocked. 
Conversion completed, start of a new conversion is 
blocked. 
Not possible. 


INPUT CHANNEL 
SELECTION 


ADDR2 
ADDR1 
ADDRO 
INPUT PIN 


0 
0 
0 
P1.0 
0 
0 
1 
P1.1 
0 
1 
0 
P1.2 


0 
1 
1 
P1.3 


1 
0 
0 
P1.4 


Function 
Enable AID function when ENADC = 1. Reset 
forces ENADC = O. 
ADC interrupt flag. This flag is set when an 
ADC conversion is complete. If IE.6 = 1, an 
interrupt is requested when ADCI = 1. The 
ADCI flag is cleared when conversion data is 
read. This flag is read only. 
ADC start. Setting this bit starts an AID 
conversion. Once set, ADCS remains high 
throughout the conversion cycle. On 
completion of the conversion, it is reset just 
before the ADCI interrupt flag is cleared. 
ADCS cannot be reset by software. ADCS 
should not be used to monitor the AID 
converter status. ADCI should be used for this 
purpose. 
Analog input select. 
Analog input select. 
Analog input select. This binary coded 
address selects one of the five analog input 
port pins of P1 to be input to the converter. It 
can only be changed when ADCI and ADCS 
are both low. AADR2 is the most significant 
bit. 


The completion of the 8-bit ADC conversion is flagged by ADCI in 
the ADCON register, and the result is stored in the special function 
register ADAT. 


ADCON.2 
AADR2 
ADCON.1 
AADR1 
ADCON.O 
AADRO 


An ADC conversion in progress is unaffected by an ADC start. The 
result of a completed conversion remains unaffected provided ADCI 
remains at a logic 1. While ADCS is a logic 1 or ADCI is a logic 1, a 
new ADC START will be blocked and consequently lost. An ADC 
conversion in progress is aborted when the idle or power-down 
mode is entered. The result of a completed conversion (ADCI = logic 
1) remains unaffected when entering the idle mode. See Figure 2 for 
an AID input equivalent circuit. 


The analog input pins ADCO-ADC4 may be used as digital inputs 
and outputs when the AID converter is disabled by a 0 in the 
ENADC bit in ADCON. When the AID is enabled, the analog input 
channel that is selected by the ADDR2-ADDRO bits in ADCON 
cannot be used as a digital input. Reading the selected AID channel 
as a digital input will always return a 1. The unselected AID inputs 
may always be used as digital inputs. Unselected analog inputs will 
be floating and may not be used as digital outputs. 


The AID reference inputs on the 8XC752 are tied together with the 
analog supply pins AVec and AVss. This means that the reference 
voltage on the AID cannot be varied separately from the analog 
supply pins. AVss must be connected to OV and AVec must be 
connected to a supply voltage between 4.5V and 5.5V. AID 
measurements 
may be made in the range of 4.5V to 5.5V. 


Increasing the voltage on the AID ground reference above OVor 
reducing the voltage on the positive AID reference below 4.5V is not 
permitted. 


r------, 
I· 
• 
I 


I 
I 
I 
I 
I SmN+l 
RmN+l I 
IN+l--+ 
__ 
--+I_/ 
--'\M--f--+--- 


I 
I 
I SmN 
RmN 
I 


I 
I 
L 
J 


MUltiplexer 


Rm=O.5-3kQ 
CS + CC = 15pF maximum 
RS = Recommended 
< 9.6 kn for 1 LSB @ 12MHz 


NOTE: 
Because the analog to digital converter has a sampled-data comparator, the input looks capacitive to a source. When a conversion 
is initiated, switch Sm closes for 8tcy (8!,s @ 12MHz crystal frequency) during which time capacitance Cs + Cc is charged. It should 
be noted that the sampling causes the analog input to present a varying load to an analog source. 


AID CONVERTER 
PARAMETER 
DEFINITIONS 
The following definitions are included to clarify some specifications 
given and do not represent a complete set of AID parameter 
definitions. 


Absolute 
Accuracy 
Error 


Absolute accuracy error of a given output is the difference between 
the theoretical analog input voltage to produce a given output and 
the actual analog input voltage required to produce the same code. 
Since the same output code is produced by a band of input voltages, 
the "required input voltage- is defined as the midpoint of the band of 
input voltage that will produce that code. Absolute accuracy error 
not specified with a code is the maximum over all codes. 


Nonlinearity 
If a straight line is drawn between the end points of the actual 
converter characteristics 
such that zero offset and full scale errors 
are removed, then non-linearity is the maximum deviation of the 
code transitions of the actual characteristics from that of the straight 
line so constructed. This is also referred to as relative accuracy and 
also integral non-linearity. 


Differential 
Non-Linearity 
Differential non-linearity is the maximum difference between the 
actual and ideal code widths of the converter. The code widths are 
the differences expressed in LSB between the code transition 
points, as the input voltage is varied through the range for the 
complete set of codes. 


Gain Error 
Gain error is the deviation between the ideal and actual analog input 
voltage required to cause the final code transition to a full-scale 
output code after the offset error has been removed. This may 
sometimes be referred to as full scale error. 


Offset Error 
Offset error is the difference between the actual input voltage that 
causes the first code transition and the ideal value to cause the first 
code transition. This ideal value is 1/2 LSB above Vref-. 


Channel 
to Channel 
Matching 
Channel to channel matching is the maximum difference between 
the corresponding code transitions of the actual characteristics 
taken from different channels under the same temperature, voltage 
and frequency conditions. 


Crosstalk 
Crosstalk is the measured level of a signal at the output of the 
converter resulting from a signal applied to one deselected channel. 


Total Error 
Maximum deviation of any step point from a line connecting the ideal 
first transition point to the ideal last transition point. 


Relative 
Accuracy 
Relative accuracy error is the deviation of the ADC's actual code 
transition points from the ideal code transition points on a straight 
line which connects the ideal first code transition point and the final 
code transition point, after nUllifying offset error and gain error. It is 
generally expressed in LSBs or in percent of FSR. 


COUNTERITIMER 
The 8XC752 counterltimer 
is designated Timer 0 and is separate 


from Timer I of the 12Cserial port and from the PWM. Its operation is 
similar to mode 2 of the 80C51 counterltimer, extended to 16 bits. 
When Timer 0 is used in the external counter mode, the TO input 
(P1.7) is sampled every S4P1. The counterltimer function is 
controlled using the timer control register (TCON). 


Position 
Symbol 


TCON.7 
GATE 


TCON.6 
crr 


TCON.5 
TF 


TCONA 
TR 


TCON.3 
IEO 
TCON.2 
ITO 


TCON.1 
IE1 
TCON.O 
IT1 


Function 


1 - Timer 0 is enabled only when INTO pin is 
high and TR is 1. 


o - Timer 0 is enabled only when TR is 1. 
1 - Counter operation from TO pin. 
o - Timer operation from internal clock. 
1 - Set on overflow of TO. 
o - Cleared when processor vectors to interrupt 
routine and by reset. 


1 - Enable timer 0 
o - Disable timer 0 
1 - 
Edge detected on INTO 
1 - INTO is edge triggered. 
0- 
INTO is level sensitive. 
1 - 
Edge detected on INT1 
1 - 
INT1 is edge triggered. 


0- 
INT1 is level sensitive. 


These flags are functionally identical to the corresponding 
80C51 
flags except that there is only one of the 80C51 style timers, and the 
flags are combined into one register. 


Note that the positions of the IEOIITOand IE1/1T1 bits are 
transposed from the positions used in the standard 80C51 TCON 
register. 


A communications 
watchdog timer, Timer I, is described in the 12C 


section. In 12Capplications, this timer is dedicated to time generation 
and bus monitoring for the 12C.In non·12C applications, it is available 
for use as a fixed time base. 


The 16·bit timer/counter's 
operation is similar to mode 2 operation 
on the 80C51 , but is extended to 16 bits. The timer/counter 
is 


clocked by either 1/12 the oscillator frequency or by transitions on 
the TO pin. The crr pin in special function register TCON selects 
between these two modes. When the TCON TR bit is set, the 
timer/counter 
is enabled.'Register 
pair TH and TL are incremented 


by the clock source. When the register pair overflows, the register 
pair is reloaded with the values in registers RTH and RTL. The value 
in the reload registers is left unchanged. The TF bit in special 
function register TCON is set on counter overflow and, if the 
interrupt is enabled, will generate an interrupt (see Figure 3). 


REGISTER ADDRESS 
BIT ADDRESS 


NAME 
SYMBOL 
ADDRESS 
MSB 
LSB 


12Ccontrol 
12CON 
98 
9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


r2Cdata 
12DAT 
99 
- 
- 
- 
- 
- 
- 
- 
- 


12Cconfiguration 
12CFG 
D8 
DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


12Cstatus 
12STA 
F8 
FF 
FE 
FD 
FC 
FB 
FA 
F9 
F8 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°C 


Voltage from Vee to V55 
-0.5 to +6.5 
V 


Voltage from any pin to Vss (except Vpp) 
-0.5 to Vee + 0.5 
V 


Power dissipation 
1.0 
W 


Voltage from Vpp pin to Vss 
-0.5 to + 13.0 
V 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C or -40°C to +85°C, AVec = 5V ±5, AVss = OV4 
Vee = 5V ± 10%, Vss = OV 


TEST 
L1MITS4 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
I Typical' 
MAX 
UNIT 


Ice 
Supply current (see Figure 6) 
I 


Inputs 


V1L 
Input low voltage, except SDA, SCL 
(0 to 70°C) 
-0.5 
0.2VeC-O·l 
V 
(-40 to +85°C) 
-0.5 
0.2VeC-O·15 
V 


V1H 
Input high voltage, except Xl, RST 
(0 to 70°C) 
0.2Vee+0.9 
Vee+0.5 
V 


(-40 to +85°C) 
(0.2Vcc+1) 
Vcc+0.5 
V 
V1H1 
Input high voltage, Xl, RST 
(0 to 70°C) 
0.7Vcc 
Vec+0.5 
V 


(-40 to +85°C) 
0.7VeetoO.l 
Vce+0.5 
V 


SDA, SCL, PO.2 


VIL1 
Input low voltage 
(0 to 70°C) 
-0.5 
0.3Vee 
V 
(-40 to +85°C) 
-0.5 
0.3VeC-O·l 
V 
V1H2 
Input high voltage 
(0 to 70°C) 
O·7Vee 
Vce+0.5 
V 


(-40 to -85°C) 
0·7Vce+0.1 
Vee+0.5 


Outputs 


Output low voltage, ports 1, 3, 0.3, and 0.4 


VOL 
(PWM disabled) 
IOL= 1.6mA2 
0.45 
V 
VOL1 
Output low voltage, port 0.2 
IOL= 3.2mA2 
0.45 
V 


Output high voltage, ports 1, 3, 0.3, and 0.4 


VOH 
(PWM disabled) 
IOH= -60lLA, 
2.4 
V 


IOH= -25lLA 
0.75Vee 
V 


IOH= -lalLA 
0.9Vee 
V 


IOH= -400lLA 
2.4 
V 
VOH2 
Output high voltage, PO.4 (PWM enabled) 
IOH= -40lLA 
0.9Vcc 
V 


Port 0.0 and 0.1 (12C)- Drivers 
IOL=3mA 


VOL2 
Output low voltage 
(over Vee range) 
0.4 
V 
Driver, receiver combined: 
C 
Capacitance 
10 
pF 


IlL 
Logical a input current, 
V1N= 0.45V (0 to 70°C) 
-50 
lLA 
ports 1,3, 0.3, and 0.4 (PWM disabled)11 
V1N= 0.45V (0 to +85°C) 
-75 
lLA 


ITL 
Logical 1 to a transition current, 
VIN = 2V (0 to 70°C) 
-650 
lLA 
ports 1,3, 0.3 and 0.411 
VIN = 2V (-40 to +85°C) 
-750 
lLA 
III 
Input leakage current, port 0.0, 0.1 and 0.2 
0.45 < VIN < Vee 
±10 
lLA 


RRST 
Reset pUll-down resistor 
25 
175 
k!l 


CIO 
Pin capacitance 
Test freq = 1MHz, 
10 
pF 


Tamb= 25°C 


Ipo 
Power-down currentS 
Vee = 2 to 5.5V 
50 
lLA 


Vee = 2 to 6.0V 


(83C752) 


Vpp 
Vpp program voltage (87C752 only) 
Vss= 
OV 
12.5 
13.0 
V 


Vcc = 5V±10% 


Tamb= 21°C to 27°C 


Ipp 
Program current (87C752 only) 
Vpp= 
13.0V 
50 
mA 


DC ELECTRICAL 
CHARACTERISTICS 
(Continued) 
Tamb= O°Cto +70°C or -40°C to +B5°C, AVcc = 5V ±5, AVss = OV4 
Vcc = 5V ± 10%, Vss = OV 


TEST 
L1MITS4 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
Typical' 
MAX 
I UNIT 


Analog Inputs (AID guaranteed only with quartz window covered.) 


AVcc 
Analog supply voltage 10 
AVcc = Vcc±O·2V 
4.5 
5.5 
V 


Alcc 
Analog operating supply current 
AVcc=5.12V 
39 
mA 


AVIN 
Analog input voltage 12 
AVss-o·2 
AVcc+0.2 
V 


CIA 
Analog input capacitance 
15 
pF 


tADS 
Sampling time 
Btev 
s 


tADC 
Conversion time 
40tev 
s 


R 
Resolution 
B 
bits 


ERA 
Relative accuracy 
±1 
LSB 


as. 
Zero scale offset 
±1 
LSB 


G. 
Full scale gain error 
0.4 
% 


MCTC 
Channel to channel matching 
±1 
LSB 


Ct 
Crosstalk 
o-100kHz 
-60 
dB 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 


of this specification is not implied. 
2. 
Under steady state (non-transient) conditions, IOLmust be extemally limited as follows: 
Maximum IOLper port pin: 
10mA 
(NOTE: This is 85°C spec.) 


Maximum IOLper 8-bit port: 
26mA 


Maximum total IOLfor all outputs: 
67mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
4. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
5. 
Power-down Icc is measured with all output pins disconnected; port 0 = Vcc; X2, X1 n.c.; RST = Vss. 
6. 
Icc is measured with all output pins disconnected; X1 driven with teLCH, teHCL = 5ns, VIL = Vss + 0.5V, VIH = Vcc - 0.5V; X2 n.c.; 
RST = port 0 = Vcc. Icc will be slightly higher if a crystal oscillator is used. 
7. 
Idle Icc is measured with all output pins disconnected; X1 driven with teLCH, teHCL = 5ns, VIL = Vss + 0.5V, VIH = Vcc - 0.5V; X2 n.c.; 
port 0 = Vcc; RST = Vss. 
8. 
Load capacitance for ports = 80pF. 
9. 
The resistor ladder network is not disconnected in the power down or idle modes. Thus, to conserve power, the user may remove AVcc. 
1O.lf the ND function is not required, or if the AID function is only needed periodically, AVcc may be removed without affecting the operation of 
the digital circuitry. Contents of ADCON and ADAT are not guaranteed to be valid. If AVcc is removed, the NO inputs must be lowered to 
less than 0.5V. Digital inputs on P1.o-P1.4 will not function normally. 
11. These parameters do not apply to P1.o-P1.4 
if the AID function is enabled. 
12. The input voltage slew rate should be <1OV/ms. The maximum slew rate depends on the clock frequency of the microcontroller. 
Designers 


should use low pass filters before the NO inputs as a precaution to noise edges causing false readings. 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C or -40°C to +85°C, VCC= 5V ±10%, V55 = OV4,8 


12MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltclCl 
Oscillator frequency: 
3.5 
12 
MHz 


3.5 
16 
MHz 


External 
Clock (Figure 4) 
- 


IcHCX 
High time 
- 
20 
20 
ns 


IclCX 
Low time 
20 
20 
ns 


IclCH 
Rise time 
20 
20 
ns 


IcHCl 
Fall time 
20 
20 
ns 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The first character is always 
't' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. 
The designations are: 
C- 
Clock 
D - 
Input data 
H - 
Logic level high 


L - 
Logic level low 
Q - Output data 
T - TIme 
V - Valid 
X - 
No longer a valid logic level 
Z - 
Float 


VCC-o.5_ 
X 
O.45V 
-- 
•••• 
• 


MAX ACTIVE 
ICC6 


22 


20 


18 


16 


'4 


ICCrnA 
12 
TYP ACTIVE 
Ice6 


10 


Figure 6. Icc vs. FREQ 
Maximum 
Icc values taken at Vcc = 5.5V and worst 
case temperature. 


Typicallcc 
values taken at Vcc = 5.0V and 25°C. 
Notes 6 and 7 refer to AC Electrical 
Characteristics. 


EPROM Characteristics 
The 87C752 is programmed by using a modified Quick-Pulse 
Programming algorithm similar to that used for devices such as the 
87C451 and 87C51. It differs from these devices in that a serial data 
stream is used to place the 87C752 in the programming mode. 


Rgure 7 shows a block diagram of the programming configuration 
for the 87C752. Port pin PO.2 is used as the programming voltage 
supply input (Vpp signal). Port pin PO.1 is used as the program 
(PGMI) signal. This pin is used for the 25 programming pulses. 


Port 3 is used as the address input for the byte to be programmed 
and accepts both the high and low components of the eleven bit 
address. Multiplexing of these address components is performed 
using the ASEL input. The user should drive the ASEL input high 
and then drive port 3 with the high order bits of the address. ASEL 
should remain high for at least 13 clock cycles. ASEL may then be 
driven low which latches the high order bits of the address intemally. 
The high address should remain on port 3 for at least two clock 
cycles after ASEL is driven low. Port 3 may then be driven with the 
low byte of the address. The low address will be intemally stable 13 
clock cycles later. The address will remain stable provided that the 
low byte placed on port 3 is held stable and ASEL is kept low. Note: 
ASEL needs to be pulsed high only to change the high byte of the 
address. 


Port 1 is used as a bidirectional data bus during programming and 
verify operations. During programming mode, it accepts the byte to 
be programmed. During verify mode, it provides the contents of the 


EPROM location specified by the address which has been supplied 
to Port 3. 


The XTAL 1 pin is the oscillator input and receives the master system 
clock. This clock should be between 1.2 and 6MHz. 


The RESET pin is used to accept the serial data stream that places 
the 87C752 into various programming modes. This pattern consists 
of a 1O-bit code with the LSB sent first. Each bit is synchronized to 
the clock input, X1. 


Programming 
Operation 
Figures 8 and 9 show the timing diagrams for the program/verify 
cycle. RESET should initially be held high for at least two machine 
cycles. PO.1 (PGMI) and PO.2 (Vpp) will be at VOH as a result of the 
RESET operation. At this point, these pins function as normal 
quasi-bidirectional 
1/0 ports and the programming equipment may 


pull these lines low. However, prior to sending the 1O-bit code on the 
RESET pin, the programming equipment should drive these pins 
high (VIH). The RESET pin may now be used as the serial data input 
for the data stream which places the 87C752 in the programming 
mode. Data bits are sampled during the clock high time and thus 
should only change during the time that the clock is low. FollOWing 
transmission of the last data bit, the RESET pin should be held low. 


Next the address information for the location to be programmed is 
placed on port 3 and ASEL is used to perform the address 
multiplexing, as previously described. At this time, port 1 functions 
as an output. 


A high voltage Vpp level is then applied to the Vpp input (PO.2). 
(This sets Port 1 as an input port). The data to be programmed into 
the EPROM array is then placed on Port 1. This is followed by a 
series of programming pulses applied to the PGMI pin (PO.1). These 
pulses are created by driving PO.1 low and then high. This pulse is 
repeated until a total of 25 programming pulses have occurred. At 
the conclusion of the last pulse, the PGMI signal should remain high. 


The Vpp signal may now be driven to the VOH level, placing the 
87C752 in the verify mode. (Port 1 is now used as an output port). 
After four machine cycles (48 clock periods), the contents of the 
addressed location in the EPROM array will appear on Port 1. 


The next programming cycle may now be initiated by placing the 
address information at the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, providing the byte to be 
programmed to Port1 and issuing the 26 programming pulses on the 
PGMI pin, bringing Vpp back down to the Vc level and verifying the 
byte. 


Programming 
Modes 
The 87C752 has four programming features incorporated within its 
EPROM array. These include the USER EPROM for storage of the 
application's code, a 16-byte encryption key array and two security 
bits. Programming and verification of these four elements are 
selected by a combination of the serial data stream applied to the 
RESET pin and the voltage levels applied to port pins PO.1and 
PO.2. The various combinations are shown in Table 4. 


Encryption 
Key Table 
The 87C752 includes a 16-byte EPROM array that is programmable 
by the end user. The contents of this array can then be used to 
encrypt the program memory contents during a program memory 
verify operation. When a program memory verify operation is 
performed, the contents of the program memory location is 
XNOR'ed with one of the bytes in the 16-byte encryption table. The 
resulting data pattern is then provided to port 1 as the verify data. 
The encryption mechanism can be disable, in essence, by leaving 
the bytes in the encryption table in their erased state (FFH) since 
the XNOR product of a bit with a logical one will result in the original 
bit. The encryption bytes are mapped with the code memory in 
16-byte groups. the first byte in code memory will be encrypted with 
the first byte in the encryption table; the second byte in code 
memory will be encrypted with the second byte in the encryption 
table and so forth up to and including the 16the byte. The encryption 
repeats in 16-byte groups; the 17th byte in the code memory will be 
encrypted with the first byte in the encryption table, and so forth. 


Security 
Bits 
Two security bits, security bit 1 and security bit 2, are provided to 
limit access to the USER EPROM and encryption key arrays. 
Security bit 1 is the program inhibit bit, and once programmed 


performs the following functions: 
1. Additional programming of the USER EPROM is inhibited. 


2. 
Additional programming of the encryption key is inhibited. 


3. Verification of the encryption key is inhibited. 


4. 
Verification of the USER EPROM and the security bit levels may 
still be performed. 


(If the encryption key array is being used, this security bit should be 
programmed by the user to prevent unauthorized parties from 
reprogramming the encryption key to all logical zero bits. Such 
programming would provide data during a verify cycle that is the 
logical complement of the USER EPROM contents). 


Security bit 2, the verify inhibit bit, prevents verification of both the 
USER EPROM array and the encryption key arrays. The security bit 
levels may still be verified. 


Programming 
and Verifying 
Security 
Bits 


Security bits are programmed employing the same techniques used 
to program the USER EPROM and KEY arrays using serial data 
streams and logic levels on port pins indicated in Table 4. When 
programming either security bit, it is not necessary to provide 
address or data information to the 87C752 on ports 1 and 3. 


Verification occurs in a similar manner using the RESET serial 
stream shown in Table 4. Port 3 is not required to be driven and the 
results of the verify operation will appear on ports 1.6 and 1.7. 


Ports 1.7 contains the security bit 1 data and is a logical one if 
programmed and a logical zero if erased. Likewise, P1.6 contains 
the security bit 2 data and is a logical one if programmed and a 
logical zero if erased. 


Erasure 
Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 
4,000 angstroms. 


Since sunlight and fluorescent lighting have wavelengths 
in this 


range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. 
For this and secondary 
effects, 


it is recommended 
that an opaque 
label be placed over the 


window. 
For elevated temperature or environments where solvents 


are being used, apply Kapton tape Flourless part number 2345-5 or 
equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-seclcm2. 
Exposing the EPROM to an ultraviolet lamp of 12,000uW/cm2 rating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


Erasure leaves the array in an all 1s state. 


OPERATION 
SERIAL CODE 
PO.l (PGMI) 
PO.2 (Vpp) 


Program user EPROM 
296H 
-. 
Vpp 
Verify user EPROM 
296H 
V1H 
V1H 
Program key EPROM 
292H 
_. 
Vpp 
Verify key EPROM 
292H 
V1H 
VIH 
Program security bit 1 
29AH 
_. 
Vpp 


Program security bit 2 
298H 
_. 
Vpp 
Verify security bits 
29AH 
V1H 
V1H 


EPROM 
PROGRAMMING 
AND VERIFICATION 


Tamb = 21·C 
to +2JOC, 
VCC = 5V ±10%, 
VSS = ov 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


1ltcLCL 
Oscillator/clock 
frequency 
1.2 
6 
MHz 


tAVGL' 
Address 
setup 
to PO.1 (PROG-) 
low 
10j.lS + 24teLCL 


lGHAX 
Address 
hold 
after 
PO.1 (PROG-) 
high 
. 


4BteLCL 


tDVGL 
Data 
setup 
to PO.1 (PROG-) 
low 
3BteLCL 


tDVGL 
Data 
setup 
to PO.1 (PROG-) 
low 
3BteLCL 


lGHDX 
Data 
hold 
after 
PO.1 (PROG-) 
high 
36teLCL 


tSHGL 
Vpp 
setup 
to PO.1 (PROG-) 
low 
10 
j.lS 


lGHSL 
Vpp 
hold 
after 
PO.1 (PROG-) 
10 
j.lS 


lGLGH 
PO.1 (PROG-) 
width 
gO 
110 
j.lS 


tAvav2 
Vpp 
low 
(VCC) to data 
valid 
4BteLCL 


lGHGL 
PO.1 (PROG-) 
high 
to PO.1 (PROG-) 
low 
10 
j.lS 


IsvNL 
PO.O (sync 
pulse) 
low 
4teLCL 


tSVNH 
PO.O (sync 
pulse) 
high 
BteLCL 


tMASEL 
ASEL high 
time 
13teLCL 


IMAHLD 
Address 
hold 
time 
2!cLCL 


lHASET 
Address 
setup 
to ASEL 
13teLCL 


tADSTA 
Low 
address 
to address 
stable 
13teLCL 


NOTES: 
1. 
Address 
should 
be valid 
at least 
24teLCL 
before 
the rising 
edge 
of PO.2 (Vpp). 
2. 
For a pure 
verify 
mode, 
i.e., no program 
mode 
in between, 
tAvav 
is 14tCLCL 
maximum. 


VppNIH 
VOLTAGE 


SOURCE 


CLKSOURCE 


XTAl1 
r""l 
.......J 
L 
'1 


MIN 2 MACHINE 
I_ 
CYCLES .1. 


RESETr 


12.751 


~ 
r- 
'SHGL 


1 
1 
LJLJL~~--- 


I_ 'MASEL .1 
~ 
-I 
r- 
'GHGL 


9llf1s MIN 
1CltJsMIN 
_J 
\'-- 
_ 


r-'HAS~IHAHLD 


PORT 3 ==:x 
HIGHADDRESS 
X:====L=O=W=AO==DR=E=S=S============================================== 
H 'DVGL 
'GHDXr-+- 'AVaV -----1 


Purchase 
of Philips 12Ccomponents 
conveys 
a license under the Philips' 
12C patent 


to use the components 
in the 
12C system 
provided 
the system 
conforms 
to the 


12C specifications 
defined 
by Philips. 
This 
specification 
can be ordered 
using the 
code 9398 393 40011. 


Philips 
Semiconductors 


DESCRIPTION 
The Philips B3C754/B7C754 offers many of the advantages of the 
BOC51 architecture in a small package and at low cost. 


The BXC754 Microcontroller is fabricated with Philips high-density 
CMOS technology. Philips epitaxial substrate minimizes CMOS 
latch-up senitivity. 


The BXC754 contains a 4k x B ROM (B3C754) EPROM (B7C754), a 
single module PCA, a 256 x B RAM, 11 I/O lines, two 16-bit 
counter/timers, a two-priority level interrupt structure, a full duplex 
serial channel, an on-chip oscillator, and an B-bit D/A converter. 


The EPROM version of this device, the B7C754, is also available in 
both quartz-lid erasable and plastic one-time programmable (OTP) 
packages. Once the array has been programmed, it ifs functionally 
equivalent to the masked ROM B3C754. Thus, unless explicitly 
stated otherwise, all references made to the B7C754 apply equally 
to the B3C754. 


P3.3ID3 


P3.2I02 


RxOfT0IP3.4ID4 
1 


TxDIT11P3.5ID5 2 


P3.0/DO 


INTM'l.OIAOIAB 


CEXJP1.1/A1/A9 


VppIP1.2 


2 
XYDAClA7 


1 
ZDACIASEL 


XYSCURCElA6 


XYDACBIASlPGM 


VREG 


DECOUPLE 


The BXC754 supports two power reduction modes of operation 
referred to as the idle mode and the power-down mode. 


XYZRAMP/AS 
1 


AVss 
1 


AVec 
1 


• Available in erasable quartz lid or One-Time Programmable plastic 


packages 


• BOC51-based architecture 


• Small package sizes - 2B-pin SSOP 


• Wide oscillator frequency range 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 


• 4k x B ROM (B3C754) 
EPROM (B7C754) 


·256xBRAM 


• Single module PCA counter/timer 


• Full duplex serial channel 


ROM 
EPROMl 
TEMPERATURE 
RANGE °C 
FREQUENCY 
DRAWING 


AND PACKAGE 
NUMBER 


PB7C754EBF FA I 
UV 
o to +70, 2B-pin Ceramic Dual In-line Package 
3.5 to 16MHz 
05B9B 


PB3C754EBD DB 
PB7C754EBD DB I OTP 
o to +70, 2B-pin Shrink Small Outline Package 
3.5 to 16MHz 
SOT341-1 


NOTE: 
1. OTP = One Time Programmable 
EPROM. 
UV = UV Erasable EPROM. 
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MNEMONIC 
DIP 
TYPE 
NAME AND FUNCTION 
PIN NO. 


VSS 
8 
I 
Circuit 
Ground 
Potential. 


Vcc 
22 
I 
Supply 
voltage 
during 
normal, 
Idle, and power-down 
operation. 


Pl.o-Pl.2 
21,23,24 
1/0 
Port 1: Port 1 is a 3-bil bidirectional 1/0 port with internal pull-ups on Pl.0 and Pl.l. 
Port 1 pins that 


have 1s written to them can be used as inputs. As inputs, port 1 pins that are extemally pulled low will 
source current because of the internal pull-ups (Pl.0, 
Pl.l). 
(See DC Electrical Characteristics: 
IILl. 


Port 1 also serves the special function features listed below (Note: Pl.0 does not have the strong 
pullup that is on for 2 oscillator periods.): 


24 
I 
JNTlj (P1.0): External interrupt O. 


23 
0 
CEX (P1.1): PCA clock output. 


21 
I 
Vpp (P1.2): Programming voltage input (open drain). 


P3.o-P3.7 
1-4, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s written to 
25-28 
them are pulled high by the intemal pull-ups and can be used as inputs. As inputs, port 3 pins that are 
externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: 
IILl. Port 3 also functions as the data input for the EPROM memory location to be 


programmed (or verified). (Note: P3.5 does not have the strong pullup that is on for 2 oscillator 
periods.) 


Port 3 also serves the special function as listed below: 


3 
I 
ECI (P3.6): Extemal PCA clock input. 


1 
I 
RxDITO (P3.4): 
Serial port receiver data input. 
Timer 0 extemal clock input. 


4 
I 
1RTl: External interrupt 1. 


2 
I 
TxDIT1 (P3.5): 
Serial port transmitter data. 
Timer 1 external clock input. 


RST 
5 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running resets the device. After 
the device is reset, a 1O-bit serial sequence, sent LSB first, applied to RESET, places the device in the 
programming state allowing programming address, data and Vpp to be applied for programming or 
verification purposes. The RESET serial sequence must be synchronized with the Xl input. (Note: The 
83/87C754 does not have an internal reset resistor.) 


Xl 
7 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. X1 


also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming state. 


X2 
6 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


AVec 1 
14 
I 
Analog 
supply 
voltage 
and reference 
Input. 


AVss 1 
13 
I 
Analog supply 
and reference 
ground. 


ZIN 
9 
I 
ZIN: Input to analog multiplexer. 


YIN 
10 
I 
YIN: Input to analog multiplexer. 


XIN 
11 
I 
XIN: Input to analog multiplexer. 


XYZRAMP 
12 
0 
XYZRAMP: 
Provides a low impedance pulldown to Vss under SIVI/ control. 


DECOUPLE 
15 
0 
Decouple: 
Output from regulated supply for connection of decoupling capacitors. 


VREG 
16 
0 
VREG: Provides regulated analog supply output. 


XYDACBIAS 
17 
0 
XYDACBIAS: 
Provides source voltage for bias of extemal circuitry. 


- Input which specifies verify mode (output enable) or the program mode. 


IPGM = 1 output enabled (verify mode). 
IPGM = 0 program mode. 


XYSOURCE 
18 
0 
XYSOURCE: 
Provides source voltage from regulated analog supply. 


ZDAC 
19 
0 
ZDAC: Switchable outp from the internal DAC. 


ASEL (PO.O)- Input which indicates which bits of the EPROM address are applied to port 3. 
ASEL = 0 low address byte available on port 3. 
ASEL = 1 high address byte available on port 3 (only the three least significant bits are used). 


XYDAC 
20 
0 
XYDAC: Non-switchable output from the intemal DAC. 
NOTE: 
1. AVss (reference ground) must be connected to OV (ground). AVec (reference input) cannot differ from Vcc by more than ±O.2V, and must be 
in the range 4.5V to 5.5V. 


OSCILLATOR 
CHARACTERISTICS 


X1 and X2 are the input and output, respectively, of an inverting 
amplifier which can be configured for use as an on-chip oscillator. 


To drive the device from an external clock source, X1 should be 
driven while X2 is left unconnected. There are no requirements on 
the duty cycle of the external clock signal, because the input to the 
internal clock circuitry is through a divide-by-two flip-flop. However, 
minimum and maximum high and low times specified in the data 
sheet must be observed. 


IDLE MODE 
The BXC754 includes the BOC51 power-down and idle mode 
features. In idle mode, the CPU puts itself to sleep while all of the 
on-chip peripherals stay active. The instruction to invoke the idle 
mode is the last instruction executed in the normal operating mode 
before the idle mode is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers remain intact during 
this mode. The idle mode can be terminated either by any enabled 
interrupt (at which time the process is picked up at the interrupt 
service routine and continued), or by a hardware reset which starts 
the processor in the same manner as a power-on reset. Upon 
powering-up the circuit, or exiting from idle mode, sufficient time 
must be allowed for stabilization of the internal analog reference 
voltages before a D/A conversion is started. 


Special 
Function 
Registers 


The special function registers (directly addressable only) contain all 
of the BXC754 registers except the program counter and the four 
register banks. Most of the special function registers are used to 
control the on-Chip peripheral hardware. Other registers include 
arithmetic registers (ACC, B, PSW), stack pointer (SP) and data 
pointer registers (DPH, DPL). Twelve of the SFRs are bit 
addressable. 


Data Pointer 
The data pointer (DPTR) consists of a high byte (DPH) and a low 
byte (DPL). In the BOC51 this register allows the access of external 
data memory using the MOVX instruction. Since the B3C754 does 
not support MOVX or external memory accesses, this register is 
generally used as a 16-bit offset pointer of the accumulator in a 
MOVC instruction. DPTR may also be manipulated as two 
independent 8-bit registers. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is stopped and the 
instruction to invoke power-down is the last instruction executed. 
Only the contents of the on-chip RAM are preserved. A hardware 
reset is the only way to terminate the power-down mode. The control 
bits for the reduced power modes are in the special function register 
PCON. 


Table 1. External 
Pin Status 
During 
Idle and 
Power-Down 
Modes 


MODE 
Port 1 
Port 3 


Idle 
Data 
Data 


Power-down 
Data 
Data 


STANDARD 
SERIAL 
INTERFACE 
The serial port is full duplex, meaning it can transmit and receive 
simultaneously. It is also receive-buffered, 
meaning it can 
commence reception of a second byte before a previously received 
byte has been read from the register. (However, if the first byte still 
has not been read by the time reception of the second byte is 
complete, one of the bytes will be lost.) The serial port receive and 
transmit registers are both accessed at Special Function Register 
SBUF. Writing to SBUF loads the transmit register, and reading 
SBUF accesses a physically separate receive register. 


The serial port can operate in 4 modes: 


Mode 0: 
Serial data enters and exits through RxD. TxD outputs the 
shift clock. B bits are transmitted/received 
(LSB first). The 
baud rate is fixed at 1/12 the oscillator frequency. 


Mode 1: 
10 bits are transmitted (through TxD) or received (through 
RxD): a start bit (0), 8 data bits (LSB first), and a stop bit 
(1). On Receive, the stop bit goes into RB8 in Special 
Function Register SCaN. The baud rate is variable. 


Mode 2: 
11 bits are transmitted (through TxD) or received (through 
RxD): a start bit (0), 8 data bits (LSB first), a 
programmable 9th data bit, and a stop bit (1). On Transmit, 
the 9th data bit (TBB in SCaN) can be assigned the value 
of 0 or 1. Or, for example, the parity bit (P, in the PSW) 
could be moved into TBB. On Receive, the 9th data bit 
goes into RBB in Special Function Register SCaN, while 
the stop bit is ignored. The baud rate is programmable to 
either 1/32 or 1/64 the oscillator frequency. 


Mode 3: 
11 its are transmitted (through TxD) or received (through 
RxD): a start bit (0), B data bits (LSB first), a 
programmable 9th data bit, and a stop bit (1). In fact, 
Mode 3 is the same as Mode 2 in all respects except baud 
rate. the baud rate in Mode 3 is variable. 


In all four modes, transmission is initiated by any instruction that 
uses SBUF as a destination register. Reception is initiated in Mode 0 
by the condition Rl = 0 and REN = 1. Reception is initiated in the 
other modes by the incoming start bit if REN = 1. 


Multiprocessor 
Communications 
Modes 2 and 2 have a special provision for multiprocessor 
communications. 
In these modes, 9 data bits are received. The 9th 
one goes into RBB. Then comes a stop bit. The port can be 
programmed such that when the stop bit is received, the serial port 
interrupt will be activated only if RBB = 1. This feature is enabled by 
setting bit SM2 in SCaN. A way to use this feature in multiprocessor 
systems is as follows: 


When the master processor wants to transmit a block of data to one 
of several slaves, it first sends out an address byte which identifies 
the target slave. An address byte differs from a data byte in that the 
9th bit is 1 in an address byte and 9 in a data byte. With SM2 = 1, 
no slave will be interrupted by a data byte. An address byte, 
however, will interrupt all slaves, so that each slave can examine the 
received byte and see if it is being addressed. The addressed slave 
will clear its SM2 bit and prepare to receive the data bytes that will 
be coming. The slaves that were not being addressed leave their 
SM2s set, and go on about their business, ignoring the coming data 
bytes. 


SM2 has no effect in Mode 0, and in Mode 1 can be used to check 
the validity of the stop bit. In a Mode 1 reception, if SM2 = 1, the 
receive interrupt will not be activated unless a valid stop bit is 
received. 


Serial Port Control Register 
The serial port control and status register is the Special Function 
Aegister SCON, shown in Figure 1. This register contains not only 
the mode selection bits, but also the 9th data bit for transmit and 
receive (TB8 and AB8), and the serial port interrupt bits (TI and AI). 


Baud Rates 
The baud rate in Mode 0 is fixed: Mode 0 Baud Aate = Oscillator 
Frequency /12. The baud rate in Mode 2 depends on the value of 
bit SMOD in Special function Aegister PCON. If SMOD = 0 (which is 
the value on reset), the baud rate is 1/64 the oscillator frequency. 
If SMOD = 1, the baud rate is 1/32 the oscillator frequency. 


Mode 2 Baud Aate 
= 2S~OOx (Oscillator 
Frequency) 


In the 8XC754, the baud rates in Modes 1 and 3 are determined by 
the Timer 1 overflow rate. 


Using Timer 1 to Generate Baud Rates 
When Timer 1 is used as the baud rate generator, the baud rates in 
Modes 1 and 3 are determined by the Timer 1 overflow rate and the 
value of SMOD as follows: 


2SMOO 
. 
Mode 1, 3 Baud Aate 
= ~ 
x (TImer 1 Overflow 
Aate) 


The Timer 1 interrupt should be disabled in this application. The 
Timer itself can be configured for either "timer" or 'counter" 
operation, and in any of its 3 running modes. In the most typical 
applications, it is configured for "timer" operation, in the auto-reload 
mode (high nibble of TMOD = 0010B). In that case the baud rate is 
given by the formula: 
2SMOO 
Oscillator 
Frequency 


Mode 1, 3 Baud Aate 
= ~ 
x 
12 x [256 - 
(TH1)J 


One can achieve very low baud rates with Timer 1 by leaving the 
Timer 1 interrupt enabled, and configuring the Timer to run as a 
16-bit timer (high nibble of TMOD = 0001 B), and using the Timer 1 
interrupt to do a 16-bit software reload. Figure 2 lists various 
commonly used baud rates and how they can be obtained from 
Timer 1. 


MSB 
LSB 


~ 


Where SMO, SM1 specify the serial port mode, as follows: 


SMa 
SM1 
Mode 
Description 
Baud Rate 
o 
0 
0 
shift register 
fose/12 
o 
1 
1 
8-bit UAAT 
variable 
1 
0 
2 
9·bit UAAT 
fose/64 or fose/32 
1 
1 
3 
9-bit UAAT 
variable 


SM2 
Enables the multiprocessor communication feature in Modes 2 and 3. In Mode 2 or 3, if SM2 is set to 1, then AI will not be 
activated if the received 9th data bit (ABB) is O. In Mode 1, if SM2=1 then AI will not be activated if a valid stop bit was not 
received. In Mode 0, SM2 should be O. 


REN 
Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 


TB8 
The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 


RBS 
In Modes 2 and 3, is the 9th data bit that was received. In Mode 1, it SM2=O, RB8 is the stop bit that was received. In Mode 0, 
RB8 is not used. 
n 
Transmit interrupt fla9. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the other 
modes, in any serial transmission. Must be cleared by software. 


RI 
Aeceive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in the other 
modes, in any serial reception (except see SM2). Must be cleared by software. 


Baud Rate 
fosc 
SMOD 
Timer 1 


err 
Mode 
Reload Value 


Mode 0 Max: 1.67MHz 
20MHz 
X 
X 
X 
X 
Mode 2 Max: 625k 
20MHz 
1 
X 
X 
X 
Mode 1, 3 Max: 104.2k 
20MHz 
1 
0 
2 
FFH 
19.2k 
11.059MHz 
1 
0 
2 
FDH 
9.6k 
11.059MHz 
0 
0 
2 
FDH 
4.8k 
11.059MHz 
0 
0 
2 
FAH 


2.4k 
11.059MHz 
0 
0 
2 
F4H 


1.2k 
11.059MHz 
0 
0 
2 
EBH 


137.5 
11.986MHz 
0 
0 
2 
1DH 


110 
6MHz 
0 
0 
2 
72H 


110 
12MHz 
0 
0 
1 
FEEBH 


DIFFERENCES 
BETWEEN 
THE 8XC754 
AND THE 


80C51 


Program 
Memory 
On the 8XC754, program memory is 4096 bytes long and is not 
externally expandable, so the 80C51 instructions MOVX. LJMP, and 
LCALL are not implemented. If these instructions are executed, the 
appropriate number of instruction cycles will take place along with 
external fetches; however, no operation will take place. The LJMP 
may not respond to all program address bits. The only fixed 
locations in program memory are the addresses at which execution 
is taken up in response to reset and interrupts, which are as follows: 
Program 
Memory 
Address 
000 
003 
OOB 
013 
01B 
023 


Event 
Reset 
ExtemallJilTlj 
Timer 0 
Extemal1l'JTl 
PCA 
SIOfTFl 


Memory 
Organization 
The 8XC754 manipulates operands in three memory address 
spaces. The first is the program memory space which contains 
program instructions as well as constants such as look-up tables. 
The program memory space contains 4k bytes in the 8XC754. 


The second memory space ;s the data memory array which has a 
logical address space of 256 bytes. 


The third memory space is the special function register array having 
a 128-byte address space (80H to FFH). Only selected locations in 
this memory space are used (see Table 2). Note that the 
architecture of these memory spaces (internal program memory, 
internal data memory, and special function registers) is identical to 
the 80C51 , and the 8XC754 varies only in the amount of memory 
physically implemented. 


The 8XC754 does not directly address any external data or program 
memory spaces. For this reason, the MOVX instructions in the 
80C51 instruction set are not implemented in the 83C754, nor are 
the alternate I/O pin functions RO and WR. 


VO Ports 
The I/O pins provided by the 8XC754 consist of port 1 and port 3. 


Port 1 
Port 1 is a 3-bit bidirectional I/O port and includes alternate functions 
on some pins of this port. Pl.1 is provided with internal pUliups while 
the remaining pins (Pl.0 and P1.2) are an open drain output 
structure. The alternate functions for port 1 are: 


INTO- External interrupt O. 
PCAOUT - PCA clock output 
Vpp - External programming voltage. 


Port 3 
Port 3 is an 8-bit bidirectional I/O port structure. P3.5 is open drain. 


The alternate functions for port 3 are: 


RxD - Serial port receiver data input. 
T1 - Timer 1 external clock input. 
1l'JTl - External interrupt 1. 
TxD - Serial port transmitter data. 
TO- Timer 0 external clock input. 
ECI - PCA external clock input. 


Analog 
Section 
The analog section of the 8XC754, shown in Figure 3, consists of 
four major elements: a bandgap referenced voltage regulator, an 
8-bit DAC. an input multiplexer and comparator, and a low 
impedance pulldown device. 


The bandgap voltage regulator uses the AVec pin as its supply and 
produces a regulated output on the VREG pin. The bandgap 
reference is enabled/disabled 
by ACO. The regulator also supplies 
the analog supply voltage for the DAC. The regulator may be 
switched on/off by means of the ACI bit in the analog control 
register (ACONO). The regulator output may also be supplied to the 
XYDACBIAS and XYSOURCE pins by means of bits AC3 and AC4, 
respectively. The DECOUPLE pin is provided for decoupling the 
regulator output. 


The DAC is an 8-bit device and its output appears on the XYDAC 
pin. In addition, the DAC output may also be routed to the ZDAC pin 
by means of bit AC6 in the ACONO register. The DAC output is not 
buffered, so external load impedances should be taken into 
consideration when using either of these outputs. 


A 3-input multiplexer is provided, whose output is connected to the 
positive reference of a comparator. The multiplexer output is 
controlled by bits MUX2:0 of ACONI. 
A bandgap reference supplies 
the negative reference of the comparator. The output of the 
comparator may be used the trigger the capture input of PCA 
module. 


A low impedance pulldown is supplied at the XYZRAMP pin and is 
controlled by bit AC5 of ACONO. 


Interrupt 
Subsystem-Fixed 
Priority 


The interrupt structure is a seven-source, two-level interrupt system. 
Simultaneous interrupt conditions are resolved by a single-level, 
fixed priority as follows: 


Pin lJiITlj 
Timer flag 0 
Pin 1l'JTl 
PCA 
Serial I/O - TFI 


Source 
INTO 
TFO 
INTI 
PCA 
SIOfTF1 


Vector Address 
0003H 
OOOBH 
0013H 
001BH 
0023H 


Position 
IE.7 
IE.6 
IE.5 
lEA 
IE.3 
IE.2 
IE.l 
IE.O 


Function 
Global interrupt disable when EA = 0 


ESfTl 
EC 
EX1 
ETO 
EXO 


Serial portlTimer Flag 1 
PCA interrupt 
External interruptI 
Timer 0 overflow 
External interrupt 0 


AVec 
BANDGAP 
REF' 


DECOUPLE 
I-- 
AC2 


VREG 
I-- 
20K 
AC3 


XYDACBIAS 


AC4 


XYSOURCE 


XYDAC 


MUXO 
MUX1 


MUX2 


ALTERNATE 
OUTPUT 
FUNCTION 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 
ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
OOH 


ACONO' 
Analog Control 0 
AOH 
AC7 I AC6 I 
AC5 
AC4 
I 
AC3 
AC2 
I 
AC1 
I 
ACO 


ACON1' 
Analog Control 1 
COH 
- 
I 
- 
I 
- 
- 
I 
TSI 
MUX2 I MUX1 I MUXO 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
OOH 


CCAPH# 
PCAModuie 
FEH 
Capture High 
CCAPL# 
PCAModule 
EEH 


Capture Low 


CCAPM# 
PCA Module Mode 
DEH 
- 
I ECOM I CAPP 
CAPN I 
MAT 
TOG 
I PWM I ECCF 
xOOOOOOOB 


DF 
DE 
DD 
DC 
DB 
DA 
D9 
D8 


CCON'# 
PCACounter 
D8H 
CF 
CR 
- 
CCF4 
- 
- 
- 
- 
OOxOOOOOB 
Control 


CH# 
PCA Counter High 
F9H 
OOH 
CL# 
PCA Counter Low 
E9H 
OOH 


CMOD# 
PCA Counter Mode 
D9H 
CODL I WDTE I 
- 
- 
I 
- 
CPS1 I CPSO I 
ECF 
OOxxxOOOB 


DCON 
DAC Control 
84H 


DPTR: 
Data pointer 
(2 bytes) 
DPL 
Data pointer low 
82H 
OOH 
DPH 
Data pointer high 
83H 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IE'# 
Interrupt Enable 
A8H 
EA 
I 
- 
I 
- 
ESfT1 I 
EC 
EX1 
ETO I 
EXO 
OOH 


AF 
AE 
AD 
AC 
AB 
AA 
A9 
A8 


IP' 
Interrupt Priority 
B8H 
- 
- 
I 
- 
PSfT1 
PPC I 
PX1 
PTO 
I 
PXO 
xOOOOOOOB 
- 
- 
- 
84 
83 
82 
81 
80 
xxx11111B 


P1'# 
Port 1 
90H 
- 
- 
- 
- 
- 
ZIN 
XYZRA 
XYSOUR 
MP 
CE 


P3'# 
Port 3 
BOH 
INT1 
ECI 
TxD 
RxD 
- 
- 
- 
- 


PCON 
Power control 
87H 
SMOD1 
SMODO 
- 
POF 
GF1 
GFO 
PD 
IDL 
OOxxxxOOB 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


PSW' 
Program status word 
DOH 
CY 
AC 
I 
FO 
I 
RS1 
RSO I 
OV 
- 
P 
OOH 


SBUF 
Serial Data Buffer 
99H 
xxxxxxxxB 


SP 
Stack pointer 
81H 
07H 


9F 
9E 
9D 
9C 
9B 
9A 
99 
98 


SCON' 
Serial Control 
98H 
SMO 
SM1 
SM2 
I 
REN 
TB8 
I 
RBB 
TJ 
RI 
OOH 


BF 
BE 
BD 
BC 
BB 
BA 
B9 
BB 


TCON' 
Timer Control 
BBH 
TF1 
TR1 
TFO I 
TRO 
JE1 
I 
In 
IEO 
ITO 
OOH 


THO 
Timer High 0 
8CH 
OOH 
TH1 
Timer High 1 
BDH 
OOH 
TLO 
Timer Low 0 
BAH 
OOH 
TL1 
Timer Low 1 
BBH 
OOH 


TMOD 
Timer Mode 
B9H 
GATE 
CfT 
M1 
I 
MO 
GATE 
CfT 
I 
M1 
MO 
OOH 


C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 


COUNTERITIMER 
The 8XC754 counterltimers 
are designated TImer 0 and 1. They are 


identical to the 80C51 counter/timers. 
(TImer 1 shares its interrupt 


with the serial port.) 


Programmable 
Counter 
Array (PCA) 
The Programmable Counter Array is a special TImer that has one 
16-bit capture/compare 
module associated with it. The module can 
be programmed to operate in one of four modes: rising and/or falling 
edge capture, software timer, high-speed output, or pulse width 
modulator. The basic PCA configuration is shown in Figure 5. 


The PCA timer can be programmed to run at: 1/12 the oscillator 
frequency, 1/4 the oscillator frequency, the TImer 0 overflow, or the 
input on the ECI pin (P3.1). The timer count source is determined 
from the CPS1 and CPSO bits in the CMOD SFR as follows (see 
Figure 8): 


CPS1 
CPSO PCA Timer Count Source 
o 
0 
1/12 oscillator frequency 
o 
1 
1/4 oscillator frequency 


1 
0 
TImer 0 overflow 


1 
1 
External Input at ECI pin 


In the CMOD SFR are three additional bits associated with the PCA. 
They are CIDl which allows the PCA to stop during idle mode, 
WDTE which enables or disables the watchdog function, and ECF 
which when set causes an interrupt and the PCA overflow flag, CF 
(in the CCON SFR) to be set when the PCA timer overfiows. These 
functions are shown in Figure 6. 


The watchdog timer function is implemented in module 4 as 
implemented in other parts that have a PCA that are available on the 
market. 


The CCON SFR contains the run control bit for the PCA and the 
flags for the PCA timer (CF) and module (refer to Figure 9). To run 
the PCA the CR bit (CCON.6) must be set by software. The PCA is 
shut off by clearing this bit. The CF bit (CCON.7) is set when the 
PCA counter overflows and an interrupt will be generated if the ECF 
bit in the CMOD register is set, The CF bit can only be cleared by 
software. Bit 4 of the CCON register is the flag for the module and is 
set by hardware when either a match or a capture occurs. This flag 
can only be cleared by software. The PCA interrupt system shown in 
Figure 7. 


The CCAPM register contains the bits that control the mode in which 
the module will operate. The ECCF bit enables the CCF flag in the 
CCON SFR to generate an interrupt when a match or compare 
occurs in the associated module. PWM (CCAPM.1) enables the 
pulse width modulation mode. The TOG bit (CCAPM.2) when set 
causes the CEX output associated with the module to toggle when 
there is a match between the PCA counter and the module's 
capture/compare 
register. The match bit MAT (CCAPM.3), when set, 
will cause the CCF bit in the CCON register to be set when there is 


a match between the PCA counter and the module's 
capture/compare 
register. 


The next two bits CAPN (CCAPM.4) and CAPP (CCAPM.5) 
determine the edge that a capture input will be active on. The CAPN 
bit enables the negative edge, and the CAPP bit enables the 
positive edge. If both bits are set both edges will be enabled and a 
capfure will occur for either transition. The last bit in the register 
ECOM (CCAPM.6) when set enables the comparator function. 
Figure 11 shows the CCAPM settings for the various PCA functions. 


There are two additional registers associated with the PCA module. 
They are CCAPH and CCAPl 
and these are the registers that store 
the 16-bit count when a capture occurs or a compare should occur. 
When the module is used in the PWM mode these registers are 
used to control the duty cycle of the output. 


PCA Capture 
Mode 
To use the PCA module in the capture mode, either one or both of 
the CCAPM bits CAPN and CAPP must be set. The external CEX 
input for the module is sampled for transition. When a valid transition 
occurs, the PCA hardware loads the value of the PCA counter 
registers (CH and Cl) into the module's capture registers (CCAPl 
and CCAPH). If the CCF bit for the module in the CCON SFR and 
the ECCF bit in the CCAPM SFR are set, then an interrupt will be 
generated. Refer to Figure 12. 


16-bit Software 
Timer Mode 
The PCA modules can be used as software timers by selting both 
the ECOM and MAT bits in the module's CCAPM register. The PCA 
timer will be compared to the module's capture registers and when a 
match occurs an interrupt will occur if the CCF (CCON SFR) and the 
ECCF (CCAPM SFR) bits for the module are both set (see 
Figure 13). 


High Speed Output 
Mode 
In this mode the CEX output associated with the PCA module will 
toggle each time a match occurs between the PCA counter and the 
module's capture registers. To activate this mode the TOG, MAT, 
and ECOM bits in the module's CCAPM SFR must be set (see 
Figure 14). 


Pulse Width Modulator 
Mode 
The PCA module can be used as a PWM output. Figure 15 shows 
the PWM function. The frequency of the output depends on the 
source for the PCA timer. The duty cycle of the module is 
independentiy variable using the module's capture register CCAPL. 
When the value of the PCA Cl SFR is less than the value in the 
module's CCAPl 
SFR, the output will be low, when it is equal to or 


greater than the output will be high. When Cl overflows from FF to 
00, CCAPl 
is reloaded with the value in CCAPH. This allows 


updating the PWM without glitches. The PWM and ECOM bits in the 
module's CCAPM register must be set to enable the PWM mode. 


I---- 
16 elTs ----1 
f-- 
16 BITS ---! 


I 
PCATIMER/cOUNTER 
1---->1 PCAMOOULE 
~-----~ 
P1.lICEX 


MOOULE 
FUNCTIONS: 
TIME 
BASE 
FOR PCA MODULES 
16-BIT 
CAPTURE 


16-BITnMER 


16-BIT 
HIGH 
SPEED 
OUTPUT 
6-BITPWM 


WATCHDOG 
TIMER 


IiE.7l 
~ 
TO 
INTERRUPT 
PRIORITY 
DECODER 


CMODooB 
CCAPM I ~CCFn I 


CPS1 


CPSO 


Bit Addressable 


I 
CIDL I~~W~D~T~E~~~~~~~~~~~~~= 
~_C_P_S_1 
C_P_SO_ 


Counter Idle control: CIDL = 0 programs the PCA Counter to continue functioning during idle Mode. CIDL = 1 programs 
it to be gated off during idle. 


Watchdog Timer Enable: WDTE = 0 disables Watchdog Timer function on PCA Module. WDTE = 1 enables it. 


Not implemented, reserved for future use.' 


PCA Count Pulse Select bit 1. 


PCA Count Pulse Select bit o. 
CPS1 
CPSO 
Selected PCA Input •• 


o 
0 
0 
Internal clock, fose + 12 
o 
1 
1 
Internal clock, fose + 4 


1 
0 
2 
Timer 0 overflow 


1 
1 
3 
External clock at ECI/P3.1 pin (rnax. rate = fose + 8) 


PCA Enable Counter Overflow interrupt: ECF = 1 enables CF bit in CCON to generate an interrupt. ECF = 0 disables 
that function of CF. 


NOTE: 


• 
User 
software 
should 
not write 
1$ to reserved 
bits. 
These 
bits maybe 
used 
in future 
8051 
famity 
Pf'oduets 
to invoke 
new 
features. 
In that 
case, 
the 
reset 
or inactive 
value 
of the 


new 
bit will be 0, and 
its active 
value 
will be 
1. The 
value 
read 
from 
a reserved 
bit is indeterminate. 
•• 
lose = oscillator frequency 


Symbol 


CF 


Bit Addressable 
I 
CF 
'--C-R- 
C_CF 
_ 


PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an interrupt if bit ECF in CMOD is 
set. CF may be set by either hardware or software but can only be cleared by software. 


PCA Counter Run control bit. Set by software to turn the PCA counter on. Must be cleared by software to turn the PCA 
counter off. 


Not implemented, reserved for future use'. 


PCA Module interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 


NOTE, 


User 
software 
should 
not write 
15 to reserved 
bits. These 
bits may 
be used 
in future 
8051 
family 
products 
to invoke 
new 
features. 
In that 
case, 
the 
reset 
or inaetive 
value 
of the 


new 
bit will be O. and 
its active 
value 
will be 
1. The 
value 
read 
from 
a reserved 
bit is indeterminate. 


Not Bit Addressable 
I~__I-E-CO-M- 
__C_A_P_P_ 
CAPN 


4 


TOG 


2 


ECCF 


o 


ECOM 


CAPP 


CAPN 


MAT 


Not implemented, reserved for future use'. 


Enable Comparator. ECOM = 1 enables the comparator function. 


Capture Positive, CAPP = 1 enables positive edge capture. 


Capture Negative, CAPN = 1 enables negative edge capture. 


Match. When MAT = 1, a match of the PCA counter with this module's compare/capture 
register causes the CCF bit in 
CCON to be set, flagging an interrupt. 


Toggle. When TOG = 1, a match of the PCA counter with this module's compare/capture 
register causes the CEX pin 
to toggle. 


Pulse Width Modulation Mode. PWM4 = 1 enables the CEX pin to be used as a pulse width modulated output. 


Enable CCF interrupt. Enables compare/capture 
flag CCF in the CCON register to generate an interrupt. 


PWM 


ECCF 


NOTE: 
·User software 
should not write 1$ to reserved 
bits. These 
bits may be used in future 8051 family products to invoke newlaatures. 
In that case, the reset or inactive value oltha 
new 


bit will be 0, and 
its active 
value 
will be 1. The 
value 
read 
from a reserved 
bit is indeterminate. 


- 
ECOM 
CAPP 
CAPN 
MAT 
TOG 
PWM 
ECCF 
MODULE FUNCTION 


X 
0 
0 
0 
0 
0 
0 
0 
No operation 


X 
X 
1 
0 
0 
0 
0 
X 
16-bit capture by a positive-edge trigger on CEX 


X 
X 
0 
1 
0 
0 
0 
X 
16-bit capture by a negative trigger on CEX 


X 
X 
1 
1 
0 
0 
0 
X 
16-bit capture by a transition on CEX 


X 
1 
0 
0 
1 
0 
0 
X 
16-bit Software Timer 


X 
1 
0 
0 
1 
1 
0 
X 
16-bit High Speed Output 


X 
1 
0 
0 
0 
0 
1 
0 
8-bitPWM 


X 
1 
0 
0 
1 
X 
0 
X 
Watchdog Timer 


----~I2!l------~. 
peA 
INTERRUPT 


...•........................ 
;=::; . 


~ 
PCAINTERRUPT 


...•........................ 
;::=;..... 


~ 
PCAINTERRUPT 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°C 


Voltage from Vcc to Vss 
-0.5 to +6.5 
V 


Voltage from any pin to VSS (except Vpp) 
-0.5 to VCC + 0.5 
V 


Power dissipation 
I 
1.0 
W 


Voltage from Vpp pin to Vss 
-0.5 to + 13.0 
V 


DC ELECTRICAL 
CHARACTERISTICS 
Tamb= O°C to +70°C, AVcc = 5V ±5, AVss = OV4 
Vcc-5V±100/0 
Vss=OV 
- 


L1MITS4 
SYMBOL 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP' 
MAX 


'cc 
Supply current (see Figure 19) 


Inputs 


VIL 
Input low voltage, port 1, 3 
-0.5 
0.2VcC-O·1 
V 


VIH 
Input high voltage, port 1, 3 
0.2Vcc+0.9 
Vcc+0.5 
V 


VIH1 
Input high voltage, Xl, RST 
0.7Vcc 
Vcc+0.5 
V 


Outputs 


VOL 
Output low voltage, port 3 
IOL= 1.6mAz 
0.45 
V 


VOL1 
Output low voltage, port 1.0, 1.1, 1.2 
IOL= 3.2mAz 
0.45 
V 


VOH 
Output high voltage, ports 3, 1.0, 1.1 
IOH= -60lJA, 
2.4 
V 


III 
Input leakage current, port 1, 3, RST 
0.45 < VIN < Vcc 
+10 
lJA 


IlL 
Logical 0 input cirrent, ports 1 and 3 
VIN = 0.45V 
-50 
lJA 


CIO 
Pin capacitance 
Test freq = 1MHz, 
10 
pF 
Tamb= 25°C 


Ipo 
Power-down current5 
Vcc = 2 to 5.5V 
50 
lJA 


Vcc = 2 to 6.0V 
(83C754) 


Vpp 
Vpp program voltage (87C754 only) 
Vss= 
OV 
12.5 
13.0 
V 


Vcc = 5V±10% 
Tamb= 21°C to 27°C 


Ipp 
Program current (87C754 only) 
Vpp = 13.0V 
50 
mA 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 


2. 
Under steady state (non-transient) conditions, IOL must be extemally limited as follows: 
Maximum IOLper port pin: 
10mA 
Maximum IOLper 8-bit port: 
26mA 
Maximum totalloL 
for all outputs: 
67mA 
If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 


charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


4. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
5. 
Power-down Icc is measured with all output pins disconnected; port 0 = Vcc; X2, Xl n.c.; RST = VSS. 


6. 
Icc is measured with all output pins disconnected; Xl driven with tCLCH,!eHCL= 5ns, VIL = Vss + 0.5V, VIH = Vcc - 0.5V; X2 n.c.; 
RST = port 0 = Vcc. Icc will be slightly higher if a crystal oscillator is used. 


7. 
Idle Icc is measured with all output pins disconnected; Xl driven with !eLCH, !eHCL = 5ns, V1L= Vss + 0.5V, V1H= Vcc - 0.5V; X2 n.c.; 
port 0 = Vcc; RST = Vss. 
8. 
Load capacitance for ports = 80pF. 


ANALOG 
SECTION 
ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C, AVec = 5V ±5, AVss = OV4 
Vcc = 5V ± 10%, Vss = OV 


I 
LIMITS4 
: UNIT 
SYMBOL 
PARAMETER 
TEST CONDITIONS 
I 
I 
Typl 
I 
MIN 
MAX 


Analog 
Inputs 
(D/A guaranteed only with quartz window covered.) 


AVec 
Analog supply voltage 
4.5 
- 
5.5 
V 


Sensor resistor 
330 
- 
3K 
0 


IAVcc 
ACO-O 
IConly 
- 
0.88 
1.5 
mA 


ACO= 1 
- 
- 
10 
llA 


Regulator 


VREG 
3.6 
3.8 
4.0 
V 


IVREG 
13 
- 
55 
mA 


CDECOUPLE 
Stability requirement 
3 
10 
- 
IiF 


RDSONOl 
- 
7 
- 
0 


ILEAKAGEOl 
- 
TBD 
- 
IiA 


ILEAKAGE02 
- 
TBD 
- 
llA 


PSRR 
100Hz 
- 
-40 
- 
dB 


VREGREJ 
VREG rejection of 1Volt AVec step change 
-100 
- 
100 
mV 


TVREG 
VREG tum on time 
01 off, 3300 sensor 
- 
2 
5 
ms 


MUX and Comparator 


Comparator trip point 
1.14 
1.26 
1.38 
V 


Comparator delay input 
0.04V/IiS 
- 
50 
- 
ns 


Comparator delay change 
AVec 4.5 to 5.5V 
-10 
2 
10 
ns 


MUX impedance 
- 
1 
- 
kO 


ILEAKAGEMUX 
- 
TBD 
- 
llA 


Digital-to-Analog 
Conversion 


ZDAC, XYDAC monotonicity 
0 
- 
- 
bits 


ZDAC, XYDAC impedance 
- 
10 
- 
kO 


DAC selection switch impedance 
- 
40 
- 
0 


DAC settling 
- 
1 
- 
liS 


ZDAC switch impedance 
- 
50 
- 
0 


ZDAC switch impedance change 
AVec 4.5 to 5.5V 
-20 
- 
20 
0 


ZDAC switch leakage 
- 
TBD 
- 
llA 


Switches 


XYZRAMP impedance 
- 
25 
100 
0 


XYZRAMP impedance change 
AVec 4.5 to 5.5V 
-25 
- 
25 
0 


XYZRAMP leakage 
- 
TBD 
- 
llA 


XYZRAMP discharge to 1LSB (1.6mV) 
- 
1.5 
10 
liS 
XYZRAMP delay turn on time 
- 
6 
50 
ns 


XYZRAMP start time change 
AVec 4.5 to 5.5V 
-10 
- 
10 
ns 
XYDACBIAS impedance 
- 
7 
13 
0 


XYDACBIAS leakage 
- 
TBD 
- 
llA 


XYDACBIAS switching time 
- 
130 
1000 
ns 
XYSOURCE impedance 
- 
150 
300 
0 
XYSOURCE impedance change 
AVec 4.5 to 5.5V 
-100 
- 
100 
0 
XYSOURCE leakage 
- 
TBD 
- 
IiA 
XYSOURCE switching time 
- 
30 
500 
ns 


AC ELECTRICAL 
CHARACTERISTICS 


Tomb= O°C to +70°C, vcc = 5V ±10%, vss = OV4,8 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1!tclCl 
Oscillator frequency 
I 
3,5 
16 
MHz 


External 
Clock (Figure 17) 


lcHCX 
High time 
20 
20 
ns 


lclCX 
Low time 
20 
20 
ns 


lclCH 
Rise time 
20 
20 
ns 


lcHCl 
Fall time 
., 


20 
20 
ns 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters, The first character is always 
l' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. 
The designations are: 
C- 
Clock 
o - Input data 
H - 
Logic level high 
L - 
Logic level low 
a - Output data 
T - Time 
V - 
Valid 
X - 
No longer a valid logic level 
Z - 
Float 


teHCX 


teLCH 


x~ 
~I 


vcc-o.s-x 
O.45V 
01. 
• 


MAX ACTIVE ICC6 


22 


20 


18 


18 


l' 


IcernA 
12 
TYP ACTIVE ICC6 


10 


Figure 19. Ice vs. FREQ 
Maximum 
Icc values taken at Vec = 5.5V and worst 
case temperature. 


Typieallcc 
values taken at Vce = 5.0V and 25°C. 
Notes 6 and 7 refer to AC Electrical 
Characteristics. 


ROM CODE SUBMISSION 
When submitting ROM code for the 83C754, the following must be specified: 
1. 4k byte user ROM data 


2. 
64 byte ROM encryption key 


3. 
ROM security bits. 


ADDRESS 
CONTENT 
BIT(S) 
COMMENT 


OOOOHto OFFFH 
DATA 
7:0 
User ROM Data 


1000H to 101FH 
KEY 
7:0 
ROM Encryption Key 
FFH = no encryption 


1020H 
SEC 
0 
ROM Security Bit 1 
o = enable security 
1 = disable security 


1020H 
SEC 
1 
ROM Security Bit 2 
o = enable security 
1 = disable security 


Security 
Bit 1: When programmed, this bit has two effects on masked ROM parts: 
1. External MOVC is disabled, and 
2. 
EA# is latched on Reset. 


Security 
Bit 2: When programmed, this bit inhibits Verify User ROM. 


If the ROM Code file does not include the options, the following information must be included with the ROM code. 


For each of the following, check the appropriate box, and send to Philips along with the code: 


Security Bit #1: 


Security Bit #2: 


Encryption: 


o Enabled 
o Enabled 
o No 


o Disabled 
o Disabled 


PROGRAMMING 
CONSIDERATIONS 


EPROM 
Characteristics 
The B7C754 is programmed by using a modified Quick-Pulse 
Programming algorithm similar to that used for devices such as the 
B7C751 and B7C752. 


Figure 20 shows a block diagram of the programming configuration 
for the B7C754. Port pin PO.2 is used as the programming voltage 
supply input (Vpp signal). Port pin PO.l is used as the program 
(PGMI) signal. This pin is used for the 5 programming pulses. 


Port 3 is used as the address input for the byte to be programmed 
and accepts both the high and low components of the eleven bit 
address. Multiplexing of these address components is performed 
using the ASEL input. The user should drive the ASEL input high 
and then drive port 3 with the high order bits of the address. ASEL 
should remain high for at least 13 clock cycles. ASEL may then be 
driven low which latches the high order bits of the address intemally. 
The high address should remain on port 3 for at least two clock 
cycles after ASEL is driven low. Port 3 may then be driven with the 
low byte of the address. The low address will be internally stable 13 
clock cycles later. The address will remain stable provided that the 
low byte placed on port 3 is held stable and ASEL is kept low. 
Note: ASEL needs to be pulsed high only to change the high byte of 
the address. 


Port 1 is used as a bidirectional data bus during programming and 
verify operations. During programming mode, it accepts the byte to 
be programmed. During verify mode, it provides the contents of the 
EPROM location specified by the address which has been supplied 
to Port 3. 


The XTAL 1 pin is the oscillator input and receives the master system 
clock. This clock should be between 1.2 and 16MHz. 


The RESET pin is used to accept the serial data stream that places 
the B7C754 into various programming modes. This pattern consists 
of a 1O-bit code with the LSB sent first. Each bit is synchronized to 
the clock input, Xl. 


Programming 
Operation 


Figures 21 and 22 show the timing diagrams for the program/verify 
cycle. RESET should initially be held high for at least two machine 
cycles. PO.l (PGMI) and PO.2 (Vpp) will be at VOH as a result of the 
RESET operation. At this point, these pins function as normal 
quasi-bidirectional 
1/0 ports and the programming equipment may 


pull these lines low. However, prior to sending the 1O-bit code on the 
RESET pin, the programming equipment should drive these pins 
high (VIH)' The RESET pin may now be used as the serial data input 
for the data stream which places the B7C754 in the programming 
mode. Data bits are sampled during the clock high time and thus 
should only change during the time that the clock is low. Following 
transmission of the last data bit, the RESET pin should be held low. 


Nex1the address information for the location to be programmed is 
placed on port 3 and ASEL is used to perform the address 
multiplexing, as previously described. At this time, port 1 functions 
as an output. 


A high voltage Vpp level is then applied to the Vpp input (PO.2). 
(This sets Port 1 as an input port). The data to be programmed into 
the EPROM array is then placed on Port 1. This is followed by a 
series of programming pulses applied to the PGMI pin (PO.1). These 
pulses are created by driving PO.1 low and then high. This pulse is 


repeated until a total of 5 programming pulses have occurred. At the 
conclusion of the last pulse, the PGMI signal should remain high. 


The Vpp signal may now be driven to the VOH level, placing the 
B7C754 in the verify mode. (Port 1 is now used as an output port). 
After four machine cycles (4B clock periods), the contents of the 
addressed location in the EPROM array will appear on Port 1. 


The next programming cycle may now be initiated by placing the 
address information at the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, providing the byte to be 
programmed to Portl and issuing the 5 programming pulses on the 
PGMI pin, bringing Vpp back down to the Vc level and verifying the 
byte. 


Programming 
Modes 
The B7C754 has four programming features incorporated within its 
EPROM array. These include the USER EPROM for storage of the 
application's code, a 64-byte encryption key array and two security 
bits. Programming and verification of these four elements are 
selected by a combination of the serial data stream applied to the 
RESET pin and the voltage levels applied to port pins PO.l and 
PO.2. The various combinations are shown in Table 3. 


Encryption 
Key Table 
The B7C754 includes a 54-byte EPROM array that is programmable 
by the end user. The contents of this array can then be used to 
encrypt the program memory contents during a program memory 
verify operation. When a program memory verify operation is 
performed, the contents of the program memory location is 
XNOR'ed with one of the bytes in the 54-byte encryption table. The 
resulting data pattern is then provided to port 1 as the verify data. 
The encryption mechanism can be disabled, in essence, by leaving 
the bytes in the encryption table in their erased state (FFH) since 
the XNOR product of a bit with a logical one will result in the original 
bit. The encryption bytes are mapped with the code memory in 
54-byte groups. the first byte in code memory will be encrypted with 
the first byte in the encryption table; the second byte in code 
memory will be encrypted with the second byte in the encryption 
table and so forth up to and including the 64th byte. The encryption 
repeats in 54-byte groups; the 65th byte in the code memory will be 
encrypted with the first byte in the encryption table, and so forth. 


Security 
Bits 
Two security bits, security bit 1 and security bit 2, are provided to 
limit access to the USER EPROM and encryption key arrays. 
Security bit 1 is the program inhibit bit, and once programmed 
performs the follOWingfunctions: 
1. Additional programming of the USER EPROM is inhibited. 
2. 
Additional programming of the encryption key is inhibited. 


3. 
Verification of the encryption key is inhibited. 


4. 
Verification of the USER EPROM and the security bit levels may 
still be performed. 


(If the encryption key array is being used, this security bit should be 
programmed by the user to prevent unauthorized parties from 
reprogramming the encryption key to all logical zero bits. Such 
programming would provide data during a verify cycle that is the 
logical complement of the USER EPROM contents). 


Security bit 2, the verify inhibit bit, prevents verification of both the 
USER EPROM array and the encryption key arrays. The security bit 
levels may still be verified. 


Programming 
and Verifying 
Security 
Bits 
Security bits are programmed employing the same techniques used 
to program the USER EPROM and KEY arrays using serial data 
streams and logic levels on port pins indicated in Table 3. When 
programming either security bit, it is not necessary to provide 
address or data information to the 87C754 on ports 1 and 3. 


Verification occurs in a similar manner using the RESET serial 
stream shown in Table 3. Port 3 is not required to be driven and the 
results of the verify operation will appear on ports 1.6 and 1.7. 


Ports 1.7 contains the security bit 1 data and is a logical one if 
programmed and a logical zero if erased. Likewise, P1.6 contains 
the security bit 2 data and is a logical one if programmed and a 
logical zero if erased. 


Erasure 
Characteristics 
Erasure of the EPROM begins to occur when the chip is exposed to 
light with wavelengths shorter than approximately 4,000 angstroms. 


Since sunlight and fluorescent lighting have wavelengths 
in this 
range, exposure to these light sources over an extended time (about 
1 week in sunlight, or 3 years in room level fluorescent lighting) 
could cause inadvertent erasure. 
For this and secondary effects, 


it Is recommended 
that an opaque label be placed over the 


window. For elevated temperature or environments where solvents 
are being used, apply Kapton tape Flourtess part number 2345-5 or 
equivalent. 


The recommended erasure procedure is exposure to ultraviolet light 
(at 2537 angstroms) to an integrated dose of at least 15W-seclcm2. 
Exposing the EPROM to an ultraviolet lamp of 12,OOOuW/crnZrating 
for 20 to 39 minutes, at a distance of about 1 inch, should be 
sufficient. 


OPERATION 
SERIAL CODE 
PGM 
Vpp 


Program user EPROM 
296H 
-* 
Vpp 
Verify user EPROM 
296H 
VIH 
VIH 
Program key EPROM 
292H 
-* 
Vpp 
Verify key EPROM 
292H 
V1H 
V1H 
Program security bit 1 
29AH 
-* 
Vpp 
Program security bit 2 
298H 
-* 
Vpp 
Verify security bits 
29AH 
VIH 
VIH 
NOTE: 
Pulsed from V1Hto V1Land returned to VIH. 


EPROM 
PROGRAMMING 
AND VERIFICATION 


Tamb=21°Cto+27°C, 
Vcc = 5V±10%, 
vss=ov 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


1ltcLCL 
Oscillator/clock frequency 
1.2 
16 
MHz 


tAVGL1 
Address setup to "I'G'M low 
10I'S + 24teLCL 


lGHAX 
Address hold after "I'G'M high 
48teLCL 


toVGL 
Data setup to "I'G'M low 
38teLCL 


toVGL 
Data setup to "I'G'M low 
38teLCL 


lGHDX 
Data hold after "I'G'M high 
36teLCL 


tSHGL 
Vpp setup to ~ 
low 
10 
1'5 


lGHSL 
Vpp hold after"I'G'M 
10 
1'5 


lGLGH 
~width 
90 
110 
1'5 


tAva'; 
Vpp low (Vcel to data valid 
4BteLCL 


lGHGL 
~ 
high to ~Iow 
10 
I's 


19VNL 
PO.O(sync pulse) low 
4teLCL 


tsvNH 
PO.O(sync pulse) high 
8teLCL 


!MASEL 
ASEL high time 
13teLCL 


!MAHLD 
Address hold fime 
2teLCL 


lHASET 
Address setup to ASEL 
13teLCL 


tADSTA 
Low address to address stable 
13teLCL 


NOTES: 
1. Address should be valid at least 24teLCL before the rising edge of Vpp. 
2. 
For a pure verify mode, I.e., no program mode in between, tAvav is 14tCLCLmaximum. 


VppNIHVOLTAGE 


SOURCE 


CLKSOURCE 


XTAL1JL 


MIN2MACHINE 
I. 
CYCLES_I_ 
r-N 
RESET--.J 


r- 
'SHGL 


I 
I 
LJLJL~---- 


-1 r- 'GHGL 
I_ 
IMASEL-I 
~ 


~s 
MIN 
1o,.asMIN 
_-.I 
\~ 
_ 


r-'HAS~'HAHLO 


AG-Al0===x 
HIGHAOORESS X---L-O-W-A-O-O-R-ES-S------------------------- 


------------------------------- 


'GHOXr-+-- 
IAVaV-----1 


The Philips Semiconductors 
TPM754 is a small package, low cost, 


ROM-coded 80C51 with IBM®'s TrackPointT" 
pointing algorithms 
and control code. TrackPoint is the result of years of human factors 
research and innovation at IBM. The result is a "velocity sensitive" 
pointing solution more efficient and easier to use than "position 
sensitive" devices such as the mouse, the trackball, or the touchpad. 


IBM has licensed Philips Semiconductors 
to sell microcontrollers 
with TrackPoint code. By purchasing a TPM from Philips, the 
purchaser becomes a sub-licensee of Philips. The selling price of 
Philips' TPM includes the royalties for IBM's intellectual property, 
which Philips in tum pays to IBM. Customers for TPMs do not need 
to sign any licensing agreement with either IBM or Philips. This code 
is the intellectual property of IBM, which is covered by numerous 
patents, and must be treated accordingly. 


The TPM754 contains IBM® TrackPoinl'" 
code, a single module 
PCA, a 256 x 8 RAM, 21 I/O lines, two 16-bit counterltimers, 
a 
two-priority level interrupt structure, a full duplex serial channel, an 
on-chip oscillator, and an 8-bit D/A converter. 


For identical device without TrackPoint code, see the 8XC754 
datasheet. 


• 80C51-based architecture 


• Small package sizes - 28-pin SSOP 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 


·256x8RAM 


• Single module PCA counter/timer 


• Full duplex serial channel 


• Boolean processor 


• CMOS and TTL compatible 


RxOlT0IP3.4 
1 


TxDlT11P3.5 2 


P3.0 


1NTOiP1.0 


vcc 


Pl.2 


XYDAC 


1 
ZOACIASEL 


XYSOURCE 


XYDACBIAS 


AVss 
1 


AVec 
1 


ORDERING CODE 
TEMPERATURE 
RANGE ·C 
FREQUENCY 
DRAWING 
AND PACKAGE 
NUMBER 


PTPM754 DB 
o to +70, 28-pin Shrink Small Outline Package 
3.5 to 12MHz 
SOT341-1 


COMPANY 
CONTACT 
TELEPHONE 


Bokam Engineering 
Ms. Jane Kamenster 
(714)513-2200 


CTS Corporation 
Mr. Dave Poole 
(219)589-7169 
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MNEMONIC 
DIP 
TYPE 
NAME AND FUNCTION 
PIN NO. 


VSS 
8 
I 
Circuit 
Ground 
Potential. 


Vcc 
22 
I 
Supply voltage 
during 
normal, 
Idle, and power-down 
operation. 


Pl.o-P1.2 
21.23.24 
1/0 
Port 1: Port 1 is a 3-bit bidirectional 1/0 port with internal pull-ups on Pl.0 and Pl.l. 
Port 1 pins that 


have 1s written to them can be used as inputs. As inputs. port 1 pins that are externally pulled low will 
source current because of the internal pull-ups (Pl.0. 
Pl.l). 
(See DC Electrical Characteristics: 
IrLl. 


Port 1 also serves the special function features listed below (Note: Pl.0 does not have the strong 
pUllup that is on for 2 oscillator periods.): 


24 
I 
IRTO (Pl.0): 
External interrupt O. 


23 
0 
CEX (P1.1): PCA clock output. 


P3.o-P3.7 
1-4. 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s written to 
25-28 
them are pulled high by the internal pull-ups and can be used as inputs. As inputs. port 3 pins that are 
externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: 
IILl. (Note: P3.5 does not have the strong pUllup that is on for 2 oscillator periods.) 


Port 3 also serves the special function as listed below: 


3 
I 
ECI (P3.6): External PCA clock input. 


1 
I 
RxDITO (P3.4): 
Serial port receiver data input. 
limer 
0 external clock input. 


4 
I 
1NTl: External interrupt 1. 


2 
I 
TxDIT1 (P3.5): 
Serial port transmitter data. 
limer 
1 external clock input. 


RST 
5 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running resets the device. 
(NOTE: The TPM754 does not have an internal 
reset resistor.) 


Xl 
7 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 


X2 
6 
0 
Crystal 
2: Output from the inverting oscillator amplifier. 


AVec 1 
14 
I 
Analog 
supply 
voltage 
and reference 
input. 


AVSS 1 
13 
I 
Analog 
supply 
and reference 
ground. 


ZIN 
9 
I 
ZIN: Input to analog multiplexer. 


YIN 
10 
I 
YIN: Input to analog multiplexer. 


XIN 
11 
I 
XIN: Input to analog multiplexer. 


XYZRAMP 
12 
0 
XYZRAMP: 
Provides a low impedance pulldown to Vss under SIW control. 


DECOUPLE 
15 
0 
DECOUPLE: Output from regulated supply for connection of decoupling capacitors. 


VREG 
16 
0 
VREG: Provides regulated analog supply output. 


XYDACBIAS 
17 
0 
XYDACBIAS: 
Provides source voltage for bias of external circuitry. 


XYSOURCE 
18 
0 
XYSOURCE: 
Provides source voltage from regulated analog supply. 


ZDAC 
19 
0 
ZDAC: Swilchable output from the internal DAC. 


XYDAC 
20 
0 
XYDAC: Non-switchable output from the internal DAC. 


NOTE: 
1. AVss (reference ground) must be connected to OV (ground). AVec (reference input) cannot differ from Vcc by more than ±O.2V. and must be 
in the range 4.5V to 5.5V. 


OSCILLATOR 
CHARACTERISTICS 


X1 and X2 are the input and output, respectively, of an inverting 
amplifier which can be configured for use as an on-chip oscillator. 


To drive the device from an extemal clock source, X1 should be 
driven while X2 is left unconnected. There are no requirements on 
the duty cycle of the external clock signal, because the input to the 
internal clock circuitry is through a divide-by-two flip-flop. However, 
minimum and maximum high and low times specified in the data 
sheet must be observed. 


IDLE MODE 
The TPM754 includes the 80C51 power-down and idle mode 
features. In idle mode, the CPU puts itself to sleep while all of the 
on-chip peripherals except the D/A stays active. The functions that 
continue to run while in the idle mode are the timers and the 
interrupts. The instruction to invoke the idle mode is the last 
instruction executed in the normal operating mode before the idle 
mode is activated. The CPU contents, the on-chip RAM, and all of 
the special function registers remain intact during this mode. The 
idle mode can be terminated either by any enabled interrupt (at 
which time the process is picked up at the interrupt service routine 
and continued), or by a hardware reset which starts the processor in 
the same manner as a power-on reset. Upon powering-up the 
circuit, or exiting from idle mode, sufficient time must be allowed for 
stabilization of the internal analog reference voltages before a D/A 
conversion is started. 


I/O Ports 
The I/O pins provided by the TPM754 consist of port 1 and port 3. 


Port 1 
Port 1 is a 3-bit bidirectional I/O port and includes alternate functions 
on some pins of this port. Pins P1.0 and P1.1 are provided with 
internal pullups while the remaining pin (P1.2) has an open drain 
output structure. The alternate functions for port 1 are: 


l1IITll- External interrupt O. 
CEX - PCA clock output. 


Port 3 
Port 3 is an 8-bit bidirectional I/O port structure. 


The alternate functions for port 3 are: 


RxD - Serial port receiver data input. 
T1 - Timer 1 external clock input. 
1NTf - External interrupt 1. 
TxD - Serial port transmitter data. 
TO- Timer 0 external clock input. 
ECI - PCA external clock input 


Analog 
Section 
The analog section of the TPM754, shown in Figure 1, consists of 
four major elements: a bandgap referenced voltage regulator, an 
8-bit DAC, an input multiplexer and comparator, and a low 
impedance pulldown device. 


The bandgap voltage regulator uses the AVec pin as its supply and 
produces a regulated output on the VREG pin. The regulator also 
supplies the analog supply voltage for the DAC. The regulator may 
be switched on/off by means of the AC1 bit in the analog control 
register (ACONO). The regulator output may also be supplied to the 
XYDACBIAS and XYSOURCE pins by means of bits AC3 and AC4, 
respectively. The DECOUPLE pin is provided for decoupling the 
regulator output. 


The DAC is an 8-bit device and its output appears on the XYDAC 
pin. In addition, the DAC output may also be routed to the ZDAC pin 
by means of bit AC6 in the ACONO register. The DAC output is not 
buffered, so external load impedances should be taken into 
consideration when using either of these outputs. 


A 3-input multiplexer is provided, whose output is connected to the 
positive reference of a comparator. The multiplexer output is 
controlled by bits MUX2:0 of ACON1. A bandgap reference supplies 
the negative reference of the comparator. The output of the 
comparator may be used the trigger the capture input of module 4 of 
the PCA. 


A low impedance pulldown is supplied at the XYZRAMP pin and is 
controlled by bit AC5 of ACONO. 


The functions of the analog section are controlled by the IBM® 
TrackPoint'" 
code embedded w~hin the Philips TPM754. 


MUXO 
MUX1 


MUX2 


ALTERNATE 
OUTPUT 
FUNCTiON 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°C 


Voltage from Vcc to Vss 
-0.5 to +6.5 
V 


Voltage from any pin to Vss 
-0.5 to Vcc + 0.5 
V 


Power dissipation 
1.0 
W 


DC ELECTRICAL 
CHARACTERISTICS 


Tamb = O°C to +70°C, AVcc = 5V ±S, AVss = OV4 
Vcc = 5V ± 10%, Vss = OV 


UMITS4 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Typ1 
I 


UNIT 
MIN 
MAX 


Icc 
Supply current (see Figure 5) 
I 
Inputs 


VIL 
Input low voltage, port 1, 3 
-0.5 
0.2VCC-O·l 
V 


V1H 
Input high voltage, port 1,3 
0.2Vcc+0.9 
Vcc+0.5 
V 


V1H1 
Input high voltage, Xl, RST 
O·7Vcc 
Vcc+0.5 
V 


Outputs 


VOL 
Output low voltage, port 3, 1.2 
IOL= 1.6mA2 
0.45 
V 


VOL1 
Output low voltage, port 1.0, 1.1 
IOL= 3.2mA2 
0.45 
V 


VOH 
Output high voltage, ports 3, 1.0, 1.1 
IOH= -601JA, 
2.4 
V 


III 
Input leakage current, port 1, 3, RST 
0.45 < V1N< Vcc 
±10 
IJA 


CIO 
Pin capacitance 
Test freq = 1MHz, 
10 
pF 


Tomh = 25°C 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 


2. 
Under steady state (non-transient) conditions, IOL must be extemally limited as follows: 
Maximum IOLper port pin: 
10mA 


Maximum IOLper S-bit port: 
26mA 


Maximum total IOLfor all outputs: 
67mA 


If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


4. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


5. 
Power-down Icc is measured with all output pins disconnected; X2, Xl n.c.; RST = Vss. 
6. 
Icc is measured with all output pins disconnected; Xl driven with IcLCH, IcHCL = 5ns, V1L= Vss + 0.5V, V1H= Vcc - 0.5V; X2 n.c.; 
RST = Vcc. Icc will be slightly higher if a crystal oscillator is used. 
7. 
Idle Icc is measured with all output pins disconnected; Xl driven with IcLCH, IcHCL = 5ns, VIL = Vss + 0.5V, VIH = Vcc - 0.5V; X2 n.c.; 
RST= Vss. 


ANALOG 
SECTION 
ELECTRICAL 
CHARACTERISTICS 
Tamb= O°C to +70°C; 
VCC = 5V ± 10%, Vss = OV 


TEST CONDITIONS 
I 
LIMITS4 
SYMBOL 
PARAMETER 
I 
Typl 
I 


UNIT 
MIN 
MAX 


Analog 
Inputs 


AVcc 
Analog supply voltage 
4.5 
- 
5.5 
V 


Sensor resistor 
330 
- 
3K 
n 


1AVcc 
ACO=O 
IConly 
- 
1.2 
1.8 
mA 


ACO=l 
- 
- 
10 
IJ.A 


Regulator 


VREG 
3.6 
3.8 
4.0 
V 


IVREG 
13 
- 
80 
mA 


COECOUPLE 
Stability requirement 
- 
10 
- 
I'F 


ROSONOI 
- 
7 
12 
n 


ILEAKAGEOI 
-10 
+10 
I'A 


ILEAKAGE02 
-10 
+10 
IJ.A 


PSRR 
100Hz 
- 
-40 
- 
dB 


MUX and Comparator 


Comparator trip point 
1.14 
1.26 
1.38 
V 


MUX impedance 
- 
1 
4 
kQ 


ILEAKAGEMUX 
-10 
+10 
IJ.A 


Digital-to-Analog 
Conversion 


ZOAC, XYOAC monotonicity 
8 
- 
- 
bits 


ZDAC switch impedance 
- 
75 
200 
n 


DAC output resistance 
- 
2.7 
5 
kn 


ZOAC switch leakage 
-10 
+10 
I'A 


Switches 


XYZRAMP impedance 
- 
33 
100 
n 


XYZRAMP leakage 
-10 
+10 
IJ.A 


XYDACBIAS impedance 
- 
13 
25 
n 


XYOACBIAS leakage 
-10 
+10 
IJ.A 


XYSOURCE impedance 
- 
200 
400 
n 


XYSOURCE leakage 
-10 
+70 
I'A 


AC ELECTRICAL 
CHARACTERISTICS 


Tamb= O°C to +70°C, VCC = 5V ±10%, V55 = OV4 


16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


l!tclCl 
Oscillator frequency: 
3.5 
12 
MHz 


External 
Clock (Figure 3) 


teHCX 
High time 
20 
20 
ns 


telCX 
Low time 
20 
20 
ns 


telCH 
Rise time 
20 
20 
ns 


teHCl 
Fall time 
20 
20 
ns 


EXPLANATION 
OF THE AC SYMBOLS 


Each timing symbol has five characters. The first character is always 
'\' (= time). The other characters, depending on their positions, 
indicate the name of a signal or the logical status of that signal. 
The designations are: 
C- 
Clock 
D - 
Input data 
H - 
Logic level high 
L - 
Logic level low 
Q - 
Output data 
T - 
Time 
V - Valid 
X - 
No longer a valid logic level 
Z - 
Float 


0.2 vcc +0.9 


O.2Vcc-O.1 


vcc-o· 


5--'x 


O.45V 
-----...... 
• 


20 


18 


16 


14 


'2 
ICcrnA 
10 


~I 
x~_ 


Figure 5. lee vs. FREQ 


Maximum 
lee values taken at Vec = 5.5V and worst 
case temperature. 
Typical Ice values taken at Vcc = 5.0V and 25°C. 


Notes 6 and 7 refer to AC Electrical 
Characteristics. 


Philips Semiconductors 


FEATURES 


Full static 80C51 CPU 


• 8-bit CPU, ROM, RAM, I/O in a 40 lead DIP or 44 lead 
QFP package 


• 16 kbytes ROM, expandable 
externally to 64 kbytes 


• 256 bytes RAM, expandable 
externally to 64 kbytes 


• Four 8-bit ports, 32 I/O lines 


• Three 16-bit timer/event 
counters 


• External memory expandable 
up to 128 kbytes external 


ROM up to 64 kbytes and/or RAM up to 64 kbytes 


• On-chip oscillator suitable for RC, LC, quartz crystal or 


ceramic resonator 


• Fifteen source, fifteen vector interrupt structure with two 


priority levels 


• Full duplex serial port (UART) 


• 
12C-bus interface for serial transfer on two lines 


• Enhanced architecture 
with: 


- 
non-page oriented instructions 


- 
direct addressing 


- 
four 8 byte RAM register banks 


- 
stack depth limited only by available internal RAM 
(maximum 256 bytes) 


- 
multiply, divide, subtract and compare instructions 


• Power-down 
and Idle modes 


• Wake-up via external interrupts at Port 1 


• Single supply voltage of 1.8 to 6.0 V 


• Frequency range of DC to 12 MHz 


• Very low current consumption 


• Operating temperature: 


- 
83CL781: 
-40 to +85 °C 


- 
83CL782: 
-25 to +55 °C. 


The term P83CL781 
is used throughout 
this data sheet to 


refer to both the P83CL781 and P83CL782; 
differences 


between the devices are highlighted 
in the text. 


The P83CL781 is manufactured 
in an advanced 
CMOS 


technology. 
The instruction set of the P83CL781 
is based 


on that of the 8051. The P83CL781 
is an 8-bit general 


purpose microcontroller 
especially suited for cordless 


telephone 
applications. 
The device has low power 


consumption 
and a wide range of supply voltage. For 


emulation purposes, the P85CL781 
(Piggy-back 
version) 


with 256 bytes of RAM is recommended. 
The P83CL781 


has two software selectable 
modes of reduced activity for 


further power reduction: Idle and Power-down. 
The 


P83CL781 also functions as an arithmetic 
processor 


having facilities for both binary and BCD arithmetic 
plus 


bit-handling 
capabilities. 
The instruction set consists of 


over 100 instructions: 
49 one-byte, 46 two-byte, 
and 


16 three-byte. 


The P83CL782 is a faster version of the P83CL781 
and 


operates at a maximum frequency 
of 12 MHz at 


Voo:. 3.1 V. 


PACKAGE 


TYPE NUMBER 


NAME 
DESCRIPTION 
VERSION 


P83CL781 HFP 
DIP40 
plastic dual in-line package; 40 leads (600 mil) 
SOT129-1 


P83CL782HDP 


P83CL781HFH 
QFP44(1) 
plastic quad flat package; 44 leads (lead length 2.35 mm); 
SOT205-1 


P83CL782HDH 
body 14 x 14 x2.2 
mm 


P83CL781HFH 
QFP44(1) 
plastic quad flat package; 44 leads (lead length 1.3 mm); 
SOT307-2 


P83CL781 HDH 
body 10 x 10 x 1.75 mm 


Note 


1. 
When using IR reflow soldering it is recommended 
that the Dry Packing instructions 
in the uQualfty Reference 
Pocketbook" 
(order number 9398 51034011) 
are followed. 
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@ altematiw function of Port 0 


CD altematiw functions of Port 1 
® altematiw function of Port 2 


@ altemative function of Port 3 


5 
PINNING INFORMATION 


5.1 
Pinning 


P1.0/lNT2/T2 
1 
VDD 


Pl. MNT3fT2EX 
2 
PO.O/ADO 


PO.1/ADl 


P1.3/1NT5 
4 
PO.2/AD2 


PO.3/AD3 


PO.4/AD4 


P1.6/INTB/SCL 
7 
PO.5/AD5 


Pl.7/1NT9/SDA 
B 
PO.6/ADS 


PO.7/AD7 


P3.0/RXD/data 
EA 


P3.1{TXD/clock 
ALE 


P3.2IINTO 
PSEN 


P3.3/1NTl 
P2.7/A15 


P3.4fTO 
P2.6/A14 


P3.5fT1 
P2.5/A13 


P3.6M'R 
P2.4/A12 


P3.7!RD 
P2.3/A11 


XTAL2 
P2.2/Al0 


XTAL1 
P2.1/AB 


Vss 
P2.0/AB 


ML.A803 


[;S 


~ ~ i! g g 
8 0 ~ 
z 
z 
z 
z 
z 
~ ~ ~ 
'" 
~ iq ~ ~ 
0 
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0 
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Pl.SnNT7 
1 
PO.4/AD4 


Pl.6nNT8/SCL 
2 
PO.S/ADS 


Pl.7/INT9/SDA 
3 
PO.6/AD6 


PO.7/AD7 


P3.0/RXD/data 
S 
EA 
P83CL781 
n.c. 
P83CL782 
n.c. 


P3.1/TXO/clock 
7 
ALE 


P3.2nNTO 
8 
PSEN 


P2.7/A15 


P3.4/TO 
P2.6/A14 


P3.S/T1 
P2.S/A13 


MI.A6lU 


Ill: 
1':> ~ :; 
(J) 
(J) 
~ ~ 


0 
~ 
~ ~ ~ ~ 


>(J) 
~(J) 
~ ~ ~ 
ri 
ri 
Ii! 
Ii! 
'" 
"" 
0- 
0- 
(J) 
~ ~ 
Ii! 
w>- 


5.2 
Pin description 


Table 1 
QFP packages 
(SOT205 and SOT307) 


SYMBOL 
PIN 
DESCRIPTION 


P1.0/INT2IT2 
40 
Port 1: 8-bit bidirectional 
I/O port with alternative functions. 
Port pins that have logic 1s 


P1.1/INT3/T2EX 
41 
written to them are pulled HIGH by internal pull-ups, and in this state can be used as 


P1.2/INT4 
42 
inputs. As inputs, Port 1 pins that are externally pulled LOW will source current (1,0 due 
to the internal pull-ups. Port 1 output buffers can sink/source 
4 LS TTL loads. Port 1 also 


P1.3/INT5 
43 
serves the alternative functions INT2 to INT9 and Timer T2 external input. 


P1.4/INT6 
44 


P1.5/INT7 
1 


P1.6/INT8/SCL 
2 


P1.7/INT9/1SDA 
3 


RST 
4 
Reset: A HIGH level on this pin for two machine cycles while the oscillator is running, 
resets the device. 


n.c. 
6 
Not connected. 


P3.0/RXD/data 
5 
Port 3: 8-bit bidirectional 
I/O port with alternative functions. 
Port pins that have logic 1s 


P3.1/TXD/clock 
7 
written to them are pulled HIGH by internal pull-ups, and in this state can be used as 


P3.2/INTO 
8 
inputs. As inputs, port pins that are externally pulled LOW will source current (1,0 due to 
the internal pUll-Ups. Port 3 output buffers can sink/source 
4 LS TTL loads. RXD/data is 


P3.3/INT1 
9 
the serial port receiver data input (asynchronous) 
or data I/O (synchronous). 
TXD/clock 
P3.4/T0 
10 
is the serial port transmitter 
data output (asynchronous) 
or clock output (synchronous). 


P3.5/T1 
11 
INTO and INT1 are external interrupt lines. TO and T1 are external inputs for Timer 0 and 


P3.6/WR 
12 
Timer 1 respectively. WR is the external memory write strobe and RD is the external 
memory read strobe. 


P3.7/RD 
13 


XTAL2 
14 
Crystal 
Output: 
Output of the inverting amplifier that forms the oscillator. Left 


open-circuit when an external oscillator clock is used. 


XTAL1 
15 
Crystal 
Input: 
Input to the inverting amplifier that forms the oscillator, also the input for 


an externally generated 
clock source. 


Vss 
16 
Ground: 
Circuit ground potential. 


TESTNss 
17 
Test Input: 
Must be connected to Vss or left open. 


P2.0/A8 
18 
Port 2: 8-bit bidirectional 
I/O port with alternative functions. 
Port pins that have logic 1s 


P2.1/A9 
19 
written to them are pulled HIGH by internal pull-ups, and in this state can be used as 


P2.2/A10 
20 
inputs. Port 2 output buffers can sink/source 
4 LS TTL loads. Port 2 emits the high order 


P2.3/A11 
21 


address byte during accesses to external memory that use 16-bit addresses 
(MOVX@DPTR). 
In this application 
it uses the strong internal pull-ups when emitting 
P2.4/A12 
22 
logic 1'soDuring accesses to external memory that use 8-bit addresses 
(MOVX@Ri), 


P2.5/A13 
23 
Port 2 emits the contents of the P2 Special Function Register. 


P2.6/A14 
24 


P2.7/A15 
25 


SYMBOL 
PIN 
DESCRIPTION 


PSEN 
26 
Program 
Store Enable: 
Read strobe to external program memory. When executing 


code out of external program memory, PSEN is activated twice each machine cycle. 
However, during each access to external data memory two PSEN activations 
are 


skipped. 


ALE 
27 
Address 
Latch Enable: 
Latches the low byte of the address during accesses to external 
memory. It is activated every six oscillator periods and may be used for external timing or 
clocking purposes. 


n.c. 
28 
Not connected. 


EA 
29 
External 
Access: 
When EA is held HIGH, the CPU executes out of the internal program 


memory (unless the Program Counter exceeds 3FFFH). When EA is held LOW, the CPU 
executes out of external program memory regardless 
of the value of the program 


counter. 


PO.7/AD7 
30 
Port 0: 8-bit open drain bidirectional 
I/O port with alternative functions. 
PO.7 to PO.O 


PO.6/AD6 
31 
provide the 8-bit I/O port. As an open-drain 
output port it can sink/source 
8 LS TTL loads. 


PO.5/AD5 
32 
Port 0 pins that have logic 1s written to them float, and in this state will function as 
high-impedance 
inputs. AD7 to ADO provide the multiplexed 
low-order address and data 


PO.4/AD4 
33 
bus during accesses to external memory. In this application 
it uses the strong internal 
PO.3/AD3 
34 
pull-ups when emitting logic 1s. 


PO.2/AD2 
35 


PO.1/AD1 
36 


PO.O/ADO 
37 


Voo 
38 
Power supply 


n.c. 
39 
Not connected. 


6.1 
General 


The P83CL781 is a stand-alone 
high-performance 
CMOS 
microcontroller 
designed for use in real-time applications 
such as instrumentation, 
industrial control, intelligent 
computer peripherals and consumer products. The device 
provides hardware features, architectural 
enhancements 
and new instructions to function as a controller for 
applications 
requiring up to 64 kbytes of program memory 
and/or up to 64 kbytes of data storage. 


The P83CL781 contains a non-volatile 
16 kbyte read-only 
program memory; a static 256 byte read/write data 
memory; 32 I/O lines; three 16-bit timer/event 
counters; a 
fifteen-source 
two priority-level, 
nested interrupt structure 
and on-chip oscillator and timing circuit. 


The device has two software selectable modes of reduced 
activity for power reduction; Idle and Power-down. The Idle 
mode freezes the CPU while allowing the RAM, timers, 
serial I/O and interrupt system to continue functioning. The 
Power-down 
mode saves the RAM contents but freezes 
the oscillator causing all other chip functions to be 
inoperative. 


Two serial interfaces are provided on-chip; a standard 
UART serial interface and an 12C-bus serial interface. The 


12C-bus serial interface has byte orientated 
master and 
slave functions allowing communication 
with the whole 
family of 12C-bus compatible 
devices. 


6.2 
CPUtiming 


A machine cycle consists of a sequence of 6 states. Each 
state lasts for two oscillator periods, thus a machine cycle 
takes 12 oscillator periods or 1 I1s if the oscillator 
frequency 
is 12 MHz. 


6.3 
Memory organization 


The P83CL781 has a 16 kbyte Program Memory (ROM) 
plus 256 bytes of Data Memory (RAM) on-chip. The device 
has separate address spaces for Program and Data 
Memory (see Fig.4). Using Ports PO and P2, the 
P83CL781 
can address up to 64 kbytes of external 
memory. The CPU generates both read (RD) and write 
(WR) signals for external Data Memory accesses, and the 
read strobe (PSEN) for external Program Memory. 


The P83CL781 contains 
16 kbytes of internal ROM. After 
reset the CPU begins execution at location OOOOH.The 
lower 16 kbytes of Program Memory can be implemented 
in either on-chip ROM or external memory. If the EA pin is 
strapped to Voo, then program memory fetches from 
addresses OOOOHthrough to 3FFFH are directed to the 
internal ROM. Fetches from addresses 
4000H through to 
FFFFH are directed to external ROM. Program Counter 
values greater than 3FFFH are automatically 
addressed to 
external memory regardless 
of the state of the EA pin. 


6.3.2 
DATAMEMORY 


The P83CL781 contains 256 bytes of internal RAM and 
34 Special Function Registers (SFRs). Figure 4 shows the 
internal Data Memory space divided into the lower 
128 bytes the upper 128 bytes and the SFR space. 
Internal RAM locations 0 to 27 are directly and indirectly 
addressable. 
Internal RAM locations 128 to 255 are only 


indirectly addressable. 
The Special Function Register 
locations 128 to 255 bytes are only directly addressable. 


6.3.3 
SPECIALFUNCTIONREGISTERS 


The upper 128 bytes are the address locations of the 
Special Function Registers. 
Figures 6 and 7 show the 


Special Function Registers space. The SFRs include the 
port latches, timers, peripheral control, serial I/O registers, 
etc. These registers can only be accessed by direct 
addressing. There are 128 addressable 
locations in the 
SFR address space (SFRs with addresses 
divisible by 


eight). 


6.4 
Addressing 


The P83CL781 has five methods for addressing 
source 
operands: 


• Register 


• Direct 


• Register-Indirect 


• Immediate 


• Base-Register 
plus Index-Register-Indirect. 


The first three methods can be used for addressing 
destination 
operands. 
Most instructions 
have a 


'destination/source' 
field that specifies the data type, 


addressing 
methods and operands 
involved. For 
operations 
other than MOVs, the destination 
operand is 


also a source operand. 


Access to memory addressing 
is as follows: 


• 
Registers in one of the four 8-register 
banks through 
Register Direct or Register-Indirect 


• 256 bytes of internal data RAM through Direct or 
Register-Indirect 


• Special Function Registers through Direct 


• 
External data memory through Register-Indirect 


• 
Program memory look-up tables through Base-Register 
plus Index-Register-Indirect. 


64 kbytes 


EXTERNAL 


16 kbytes 
1 


( 


16 kbytes 
'I 


INTERNAL 
EXTERNAL 
- 
(EA=O) 
(EA= 
1) 


The P83CL781 
is classified as an 8-bit device since the 


internal ROM, RAM, Special Function Registers, 
Arithmetic 
Logic Unit and external data bus are all 8-bits 


wide. It performs operations 
on bit, nibble, byte and 


double-byte 
data types. 


Facilities are available for byte transfer, 
logic and integer 


arithmetic 
operations. 
Data transfer, logic and conditional 


branch operations 
can be performed 
directly on Boolean 
variables to provide excellent bit handling. 


OVERLAPPED 
SPACE 
/ 
~ 


'-------y--J 


EXTERNAL 
DATA MEMORY 


7FH 


30H 
2FH 


20H 
R7 
1FH 
I 
I 
I 
RO 
18H 
R7 
17H 
I 
I 
I 
RO 
10H 
R7 
OFH 


I 
I 
I 
RO 
08H 
R7 
07H 


I 
I 
I 
RO 
0 


} 


bit-addressable 
space 
(bit addresses 
0 to 7F) 


DIRECT 
REGISTER 
BYTE 
MNEMONIC 
BIT ADDRESS 
ADDRESS 
(HEX) 


,------A------- 
,-----~~-----, 
~ 


), 
),~ 


IP11FF I FE I FO I FC I FB I FA I F9 I F81 
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, 
, 


F71 FS I FS I F4 I F3 I F2 I F1 I FO 


EF!EE[EOfECIEBIEAI 
E91E8 
, 
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I 
1 
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IPO1 I BE I BD I BC I BB I BA I B91 
B81 
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BOH 


AFH 


AEH 
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ACH 


ABH 


AAH 


A9H 


A8H 


P21 
A71 A61 
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A41 
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A1 I AO'!' 
AOH 


~ 
~ 


SOBUF 


SOCON 


P1 1971 
96 I 95 I 94 I 93 1 92 I 91 I 90190H 


TH1 


THO 


TL1 


TLO 


TMOD 
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, 
, 


8F I 8E I 80 I 8C I 8B I 8A I 89 I 88 


,, 
,, 


87 I 86 I 85 I 84 I 83 I 82 I 81 I 80 


SFRs containing 
directly addressable 
bits 


6.5 
I/O facilities 


6.5.1 
PORTS 


The PB3CL7B1 has 32 I/O lines treated as 32 individually 
addressable 
bits or as four parallelB-bit 
addressable 
ports. 
Ports 0, 1, 2 and 3 perform the following 
alternative 


functions: 


Port 0 Provides the multiplexed 
low-order address and 


data bus for expanding 
the device with standard 


memories 
and peripherals. 


Port 1 Used for a number of special functions: 


• Provides the inputs for the external interrupts 


INT2 to INT9 


• 
External counter/capture 
of Timer 2 


• SCL and SDA for the 12C-bus interface. 


Port 2 Provides the high-order 
address bus when 


expanding 
the device with external program 


memory and/or external data memory. 


Port 3 Pins can be configured 
individually 
to provide: 


• External interrupt request inputs 


• Counter inputs 


• Serial port receiver input and transmitter 
output 
(UART) 


• Control signals to read and write to external 
memories. 


To enable a Port 3 pin alternative 
function, the Port 3 bit 
latch in its SFR must contain a logic 1. 


Each port consists of a latch (Special Function Registers 
POto P3), an output driver and input buffer. Ports 1, 2 
and 3 have internal pull-ups. Figure Ba shows that the 
strong transistor 
p1 is turned on for only 2 oscillator 


periods after a LOW-to-HIGH 
transition 
in the port latch. 


When on, it turns on p3 (a weak pull-up) through the 
inverter. This inverter and p3 form a latch which holds the 
logic 1. In Port 0 the pull-up p1 is only on when emitting 
logic 1s for external memory access. Writing a logic 1 to a 
Port 1 bit latch leaves both output transistors 
switched off 


$0 that the pin can be used as an high-impedance 
input. 


6.5.2 
PORT OPTIONS 


30 of the 32 port pins (excluding 
P1.6 and P1.7 with 


option 2S only) may be individually 
configured with one of 
the following 
options. These options are also shown in 
Fig.B. 


Option 1 Standard 
Port; quasi-bidirectional 
I/O with 


pull-up. The strong booster pull-up p1 is turned 
on for two oscillator periods after a 
LOW-to-HIGH 
transition 
in the port latch 
(see Fig.Ba). 


Option 2 Open drain; quasi-bidirectional 
I/O with 


n-channel open drain output. Use as an output 
requires the connection 
of an external pull-up 
resistor (see Fig.Bc). 


Option 3 Push-Pull; output with drive capability 
in both 


polarities. Under this option, pins can only be 
used as outputs (see Fig.Bb). 


The definition of port options for Port 0 is slightly different. 
Two cases are examined. 
First, access to external 


memory (EA = 0 or access above the built-in memory 
boundary) 
and second, I/O accesses. 


Option 1 True 0 and 1 are written as address to the 


external memory (strong pull-up to be used). 


Option 2 An external pull-up resistor is required for 


external accesses. 


Option 3 Not allowed for external memory accesses 
as 


the port can only be used as output. 


6.5.2.2 
I/O Accesses 


Option 1 When writing a logic 1 to the port latch, the 


strong pull-up p1 will be on for 2 oscillator 
periods. No weak pull-up exists. Without an 
external pull-up, this option can be used as a 
high-impedance 
input. 


Option 2 Open drain; quasi-directional 
I/O with n-channel 


open drain output. Use as an output requires the 
connection 
of an external pull-up resistor. 


See Fig.Bc. 


Option 3 Push-Pull; output with drive capability 
in both 


polarities. 
Under this option pins can only be 


used as outputs. 


Individual mask selection of the post-reset state is 
available with any of the above pins. The required 
selection is made by appending 
'R' or'S' 
to options 1, 2, 


or3 above. 


Option R 
RESET, after reset this pin will be initialized 
LOW. 


Q 
from port latch 


strong 
pUll-up 


\ 
+SV 


:J 


J~Pn1~ 
_I/Opin 
------ 


~ 


I 
n 
~ 


6.6 
Timer/event 
counters 


The P83CL781 contains three 16-bit timer/event 
counters: 
Timer 0, Timer 1 and Timer 2 which can perform the 
following functions: 


• Measure time intervals and pulse durations 


• Count events 


• Generate 
interrupt requests. 


Timer 0 and Timer 1 can be programmed 
independently 
to 


operate in four modes: 


Mode 0 8-bit timer or 8-bit counter each with divide-by-32 
prescaler. 


Mode 1 
16-bit time-interval 
or event counter. 


Mode 2 
8-bittime-interval 
or event counter with automatic 
reload upon overflow. 


Mode 3 Timer 0 establishes 
TLO and THO as two 
separate 
counters. 


In the 'timer' mode the register is incremented 
every 
machine cycle. Since a machine cycle consists of 
12 oscillator periods, the count rate is 1;,2f05C' 


In the 'counter' 
mode, the register is incremented 
in 


response to a HIGH-to-LOW 
transition. 
Since it takes 


2 machine cycles (24 oscillator periods) to recognize 
a 


HIGH-to-LOW 
transition, 
the maximum 
count rate is 


%4f05c' To ensure a given level is sampled, 
it should be 


held for at least one complete 
machine cycle. 


Timer T2 is a 16-bit timer/counter 
that can operate either 
as a timer or as an event counter. These functions are 
selected by the state of the CIT2 bit in the T2CON register. 
Three operating 
modes are available Capture, 


Auto-Reload 
and Baud rate generator, these are also 
selected via the T2CON register. 


In the Capture Mode, two options may be selected 
by the 


EXEN2 bit in T2CON. 
If EXEN2 = 0, then Timer 2 is a 


16-bit timer or counter which upon overflowing 
sets the 


Timer 2 overflow bit TF2, this may then be used to 
generate an interrupt. 
If EXEN2 = 1, Timer 2 operates as 


described 
above but with the additional 
feature that a 
HIGH-to-LOW 
transition at external input T2EX causes the 
current value in TL2 and TH2 to be captured into registers 
RCAP2L and RCAP2H respectively. 
In addition, the 
transition 
at T2EX causes the EXF2 bit in T2CON to be 


set; this may also be used to generate an interrupt. The 
Capture Mode is shown in Fig.9. 


In the Auto-Reload 
Mode there are also two options 


selected by the EXEN2 bit in T2CON. 
If EXEN2 = 0, then 


when Timer 2 rolls over, it sets the TF2 bit but also causes 
the Timer 2 registers to be reloaded with the 16-bit value 
held in registers RCAP2L and RCAP2H. The 16-bit value 
held in these registers is preset by software. 
If EXEN2 = 1, 


Timer 2 operates as described 
above but with the 


additional feature that a HIGH-to-LOW 
transition 
at 


external input T2EX will also trigger the 16-bit reload and 
set the EXF2 bit. The Auto-Reload 
Mode is shown in 


Fig.10. 


The Baud rate generator 
Mode is selected when 


RTCLK = 1. This is described 
in Section 6.10. 


6.6.2 
TIMER/CouNTER 2 CONTROLREGISTER(T2CON) 


Table 2 
limer/Counter 
2 Control Register (SFR address C8H) 


7 


TF2 


6 


EXF2 


5 


GF2 


4 


RTCLK 


3 


EXEN2 


2 


TR2 


1 


CIT2 


o 


CP/RL2 


BIT 
SYMBOL 
FUNCTION 


T2CON.7 
TF2 
limer 
2 overflow flag, set by a limer 
2 overflow and must be cleared by software. 
TF2 
will not be set when RTCLK = 1. 


T2CON.6 
EXF2 
limer 
2 external flag is set when either a capture or reload is caused by a negative 
transition 
on T2EX and when EXEN2 = 1. When Timer T2 interrupt is enabled, 


EXF2 = 1 will cause the CPU to vector to limer 
2 interrupt routine. EXF2 must be 
cleared by software. 


T2CON.5 
GF2 
General purpose flag bit. 


T2CON.4 
RTCLK 
Transmit clock flag. When set, causes the UART serial port to use limer 
2 overflow 


pulses for its receive and transmit clock in Modes 1 and 3. RTCLK = 0 causes limer 
1 


overflows to be used for the receive and transmit clock. 


T2CON.3 
EXEN2 
limer 
2 external enable flag. When set, allows a capture or reload to occur as a result of 


a negative transition 
on T2EX, if limer 
2 is not being used to clock the serial port. 


EXEN2 = 0 causes limer 
2 to ignore events at T2EX. 


T2CON.2 
TR2 
Start/Stop 
control for limer 
2. TR2 = 1 starts the timer. 


T2CON.1 
CIT2 
limer 
or counter select for limer 
2. CIT2 = 0 selects the internal timer with a clock 


frequency 
of 11,2f05c. C/T2 = 1 selects the external event counter; negative 


edge-triggered. 


T2CON.O 
CP/RL2 
Capture/reload 
flag. When set captures will occur on negative transitions 
at T2EX, if 


EXEN2 = 1. When cleared, auto-reloads 
will occur either with limer 
2 overflows 
or 
negative transitions 
at T2EX when EXEN2 = 1. When RTCLK = 1 this bit is ignored and 
the timer is forced to auto-reload 
on a limer 
2 overflow. 


RTCLK 
CP/RL2 
TR2 
MODE 


0 
0 
1 
16-bit auto-reload 


0 
1 
1 
16-bit capture 


1 
X 
1 
baud rate generator 


X 
X 
0 
OFF 


6.7 
Idle and Power-down 
operation 


Idle mode operation 
permits the interrupt, serial ports and 
timer blocks to continue to function while the clock to the 
CPU is halted. 


The following functions 
remain active during the Idle 
mode. These functions may generate an interrupt or reset; 
thus ending the Idle mode. 


• Timer 0, Timer 1 and Timer 2 


• SIO, 12C-bus interface 


• 
External interrupt. 


The Power-down 
operation freezes the oscillator. The 
Power-down 
mode can only be activated by setting the PO 
bit in the PCON register. The Idle and Power-down 
clock 
configuration 
is shown in Fig.11. 


6.7.1 
IDLEMODE 


The instruction 
that sets PCON.O is the last instruction 
executed in the normal operating 
mode before the Idle 
mode is activated. Once in the Idle mode, the CPU status 
is preserved along with the Stack Pointer, Program 
Counter, Program Status Word and Accumulator. 
The 
RAM and all other registers maintain their data during Idle 
mode. The status of the external pins during Idle mode is 
shown in Table 5. 


There are two ways to terminate the Idle mode: 


1. 
Activation of any enabled interrupt will cause PCON.O 
to be cleared by hardware thus terminating 
the Idle 
mode. The interrupt is serviced, and following the 
RETI instruction, 
the next instruction to be executed 
will be the one following the instruction that put the 
device in the Idle mode. The flag bits GFO and GF1 
may be used to determine whether the interrupt was 
received during normal execution or during the Idle 
mode. For example, the instruction that writes to 
PCON.O can also set or clear one or both flag bits. 
When the Idle mode is terminated 
by an interrupt, the 
service routine can examine the status of the flag bits. 


2. 
The second way of terminating the Idle mode is with an 
external hardware reset, or an internal reset caused by 
an overflow of Timer T2. Since the oscillator is still 
running, the hardware reset is required to be active for 
two machine cycles (24 oscillator periods) to complete 
the reset operation. 
Reset redefines all SFRs but does 


not affect the on-chip RAM. 


The instruction that sets PCON.1 is the last executed prior 
to going into the Power-down 
mode. Once in the 


Power-down 
mode, the oscillator is stopped. The contents 
of the on-chip RAM and the SFRs are preserved. The port 
pins output the value held by their respective 
SFRs. ALE 
and PSEN are held LOW. 


In the Power-down 
mode, VDD may be reduced to 


minimize circuit power consumption. 
The supply voltage 
must not be reduced until the Power-down 
mode is 


entered, and must be restored before the hardware 
reset 


is applied which will free the oscillator. Reset should not be 
released until the oscillator has restarted and stabilized. 


6.7.3 
WAKE-UPMODE 


Setting the PO flag in the PCON register forces the 
controller into the Power-down 
mode. Setting this flag 
enables the controller to be woken-up 
from the 


Power-down 
mode with either the external interrupts 
INT2 
to INT9, or a reset operation. 


If any of the interrupts 
INT2 to INT9 are enabled, the 


device can be woken-up 
from the Power-down 
mode with 
the external interrupts. To ensure that the oscillator is 
stable before the controller 
restarts, the internal clock will 


remain inactive for 1536 oscillator periods. This is 
controlled 
by an on-chip delay counter. 


6.7.3.2 
Wake-up using RST 


To wake-up the P83CL781, the RST pin must be kept 
HIGH for a minimum of 24 periods. The on-chip delay 
counter is inactive. The user must ensure that the oscillator 
is stable before any operation 
is attempted. 
Figure 12 


illustrates the two possibilities 
for wake-up. 


6.7.4 
STATUSOF EXTERNALPINS 


The status of the external pins during Idle and Power-down 
mode is shown in Table 5. If the Power-down 
mode is 
activated whilst accessing 
external program memory, the 


port data that is held in the Special Function Register P2 is 
restored to Port 2. If the data is a logic 1, the port pin is held 
HIGH during the Power-down 
mode by the strong pull-up 
transistor 
p1 (see Fig.8a). 


interrupts 
serial ports 
timer blocks 


_________________ 
n 
_ 


MODE 
MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
internal 
1 
1 
port data 
port data 
port data 
port data 


Idle 
external 
1 
1 
floating 
port data, 
address 
port data 


Power-down 
internal 
0 
0 
port data 
port data 
port data 
port data 


Power-down 
external 
0 
0 
floating 
port data 
port data 
port data 


6.7.5 
POWERCONTROLREGISTER(PCON) 


The reduced power modes are activated by software using this Special Function Register. PCON is not bit addressable. 


7 


SMOD 


3 


GF1 


2 


GFO 


BIT 
SYMBOL 
FUNCTION 


PCON.7 
SMOD 
Double Baud rate bit. When set to a logic 1 the baud rate is doubled when the serial port 
SIOO is being used in modes 1, 2 or 3. 


PCON.6 
- 
Reserved 


PCON.5 
- 
Reserved 


PCON.4 
- 
Reserved 


PCON.3 
GF1 
General purpose flag bit 


PCON.2 
GFO 
General purpose flag bit 


PCON.1 
PO 
Power-down 
bit. Setting this bit activates the Power-down 
mode; see note 1. 


PCON.O 
IDL 
Idle mode bit. Setting this bit activates the Idle mode; see note 1. 


Note 


1. 
If logic 1s are written to PO and IDL atthe same time, PO takes precedence. 
The reset value of PCON is (OXXOOOOO). 


6.8 
12C-bus serial VO 


The serial port supports the twin line 12C-bus. The 
12C·bus 
consists of two lines: a data line (SDA) and a clock line 
(SCl). 
These lines also function as the I/O port lines P1.7 
and P1.6 respectively. 
The system is unique because data 
transport, 
clock generation, 
address recognition 
and bus 
control arbitration are all controlled 
by hardware. The 
)2C-bus serial I/O has complete autonomy in byte handling 
and operates in 4 modes: 


• Master transmitter 


• Master receiver 


• Slave transmitter 


• Slave receiver. 


These functions are controlled 
by the S1CON register. 


S 1STA is the Status Register whose contents may also be 
used as a vector to various service routines. S1 DAT is the 
Data Shift Register and S1ADR the Slave Address 
Register. Slave address recognition 
is performed 
by 
on-chip hardware. The block diagram of the 12C·bus 
serial I/O is shown in Fig.13. 


6.8.1 
SERIALCONTROLREGISTER(S1 CON) 


Table 8 
Serial Control Register (SFR address D8H) 


7 


CR2 


6 


ENS1 


5 


STA 


4 
STO 


1 


CR1 


o 


CRO 


BIT 
SYMBOL 
FUNCTION 


S1CON.7 
CR2 
This bit along with bits CR1 and CRO determines 
the serial clock frequency 
when SIO is 
in the Master Mode. See Table 10. 


S1CON.6 
ENS1 
ENABLE serial I/O. When ENS1 = 0, the serial I/O is disabled. SDA and SCL outputs 
are in the high-impedance 
state; P1.6 and P1.7 function as open-drain 
ports. When 
ENS1 = 1, the serial I/O is enabled. Output port latches P1.6 and P1.7 must be set to 
logic 1. 


S1CON.5 
STA 
START flag. When this bit is set in Slave Mode, the SIO hardware 
checks the status of 


the 
12C-bus and generates a START condition if the bus is free or after the bus becomes 
free. If STA is set while the SIO is in Master Mode, SIO will generate a repeated START 
condition. 


S1CON.4 
STO 
STOP flag. With this bit set while in Master Mode a STOP condition is generated. 
When 
a STOP condition is detected on the 
12C-bus, the SIO hardware 
clears the STO flag. 


STO may also be set in Slave Mode in order to recover from an error condition. 
In this 


case no STOP condition is transmitted 
to the 12C-bus. However, the SIO hardware 


behaves as if a STOP condition has been received and releases the SDA and SCL. The 
SIO then switches to the not addressed 
slave receiver mode. The STOP flag is cleared 
by the hardware. 


S1CON.3 
SI 
SIO interrupt flag. This flag is set, and an interrupt is generated, 
after any of the following 
events occur: 


• A start condition is generated 
in Master Mode. 


• Own slave address has been received during AA = 1. 


• The general call address has been received while S1ADRO and AA = 1. 


• A data byte has been received or transmitted 
in Master Mode (even if arbitration 
is lost). 


• A data byte has been received or transmitted 
as selected slave. 


• A Stop or Start condition is received as selected slave receiver or transmitter. 


S1CON.2 
AA 
Assert Acknowledge. 
When this bit is set, an acknowledge 
(LOW level to SDA) is 
returned during the acknowledge 
clock pulse on the SCL line when: 


• Own slave address is received. 


• General call address is received (S1ADR.O = 1). 


• A data byte is received while the device is programmed 
to be a Master Receiver. 


• A data byte is received while the device is a selected Slave Receiver. 


When this bit is reset, no acknowledge 
is returned. Consequently, 
no interrupt is 


requested when the own slave address or general call address is received. 


S1CON.1 
CR1 
These two bits along with the CR2 bit determines 
the serial clock frequency 
when SIO is 


S1CON.O 
CRO 
in the Master Mode. See Table 10. 


BIT RATE (kHz) at fose 
CR2 
CR1 
CRO 
fose DIVISOR 
3.58 MHz 
6MHz 
12 MHz 


0 
0 
0 
256 
14.0 
23.4 
46.9 


0 
0 
1 
224 
16.0 
26.8 
53.6 


0 
1 
0 
192 
18.6 
31.3 
62.5 


0 
1 
1 
, 
160 
22.4 
37.5 
75.0 


1 
0 
0 
960 
I 
3.73 
6.25 
12.5 


1 
0 
1 
120 
29.8 
50.0 
100 


1 
1 
0 
60 
59.7 
100 
- 


1 
1 
1 
not allowed 
- 
- 
- 


6.8.2 
DATASHIFT REGISTER(S1 OAT) 


S1 OAT contains the serial data to be transmitted 
or data which has just been received. Bit 7 is transmitted 
or received 


first; i.e. data shifted from left to right. 


7 


S1DAT.7 


6 


S1DAT.6 


5 


S1DAT.5 


4 


S1DAT.4 


3 


S1DAT.3 


2 


S1DAT.2 


1 


S1DAT.1 
o 


S1DAT.O 


6.8.3 
ADDRESSREGISTER(S1ADR) 


This 8-bit register may be loaded with the 7-bit slave address to which the controller will respond when programmed 
as 


a slave receiver/transmitter. 


7 


SLA6 
6 


SLA5 


5 


SLA4 


4 


SLA3 


3 


SLA2 


2 


SLA1 
1 


SLAO 


BIT 
SYMBOL 
FUNCTION 


S1ADR.7 to 
SLA6 to 0 
Own slave address. 


S1ADR.1 


S1ADR.0 
GC 
This bit is used to determine whether the general CALL address is recognized. 
When a 


logic 0, the general CALL address is not recognized. 
When a logic 1, the general CALL 


" 
address is recognized. 


6.8.4 
SERIALSTATUSREGISTER(S1STA) 


The contents of this register may be used as a vector to a service routine. This optimizes the response time of the 
software and consequently 
that of the 12C-bus. S1STA is a read-only register. The status codes for all possible modes 
of the 12C-bus interface are given in Tables 16 to 20. 


7 


SC4 


6 


SC3 


5 


SC2 


4 


SC1 
3 


SCO 


BIT 
SYMBOL 
FUNCTION 


S1STA3 to S1STA7 
SC4to 
SCO 
5-bit status code. 


S1STAO to S1STA2 
- 
These three bits are held LOW. 


S1STAVALUE 
DESCRIPTION 


08H 
A START condition has been transmitted. 


10H 
A repeated START condition has been transmitted. 


18H 
SLA and W have been transmitted, 
ACK has been received. 


20H 
SLA and W have been transmitted, 
ACK received. 


28H 
DATA of S1DAT has been transmitted, 
ACK received. 


30H 
DATA of S1DAT has been transmitted, 
ACK received. 


38H 
Arbitration 
lost in SLA, RIW or DATA. 
, 


S1STA VALUE 
DESCRIPTION 


38H 
Arbitration 
lost while returning ACK. 


40H 
SLA and R have been transmitted, 
ACK received. 


48H 
SLA and R have been transmitted, 
ACK received. 


50H 
DATA has been received, ACK returned. 
, 


58H 
DATA has been received, ACK returned. 


S1STAVALUE 
DESCRIPTION 


60H 
Own SLA and W have been received, ACK returned. 


68H 
Arbitration 
lost in SLA, RIW as MST. Own SLA and W have been received, ACK returned. 


70H 
General CALL has been received, ACK returned. 


78H 
Arbitration 
lost in SLA, RIW as MST. General CALL has been received. 


80H 
Previously addressed 
with own SLA. DATA byte received, ACK returned. 


88H 
Previously 
addressed 
with own SLA. DATA byte received, ACK returned. 


90H 
Previously 
addressed 
with general CALL. DATA byte has been received, ACK has been returned. 


98H 
Previously 
addressed 
with general CALL. DATA byte has been received, ACK has been returned. 


AOH 
A STOP condition or repeated START condition has been received while still addressed 
as 
SLV/REC or SLVITRX. 


S1STAVALUE 
DESCRIPTION 
, 


A8H 
Own SLA and R have been received, ACK returned. 


BOH 
Arbitration 
lost in SLA, RIW as MST. Own SLA and R have been received, ACK returned. 


B8H 
DATA byte has been transmitted, 
ACK received. 
- 


COH 
DATA byte has been transmitted, 
ACK received. 


C8H 
Last DATA byte has been transmitted 
(AA = logic 0), ACK received. 


S1STA VALUE 
DESCRIPTION 


OOH 
Bus error during MST mode or selected SLY mode, due to an erroneous 
START or STOP 


- 
condition. 


SYMBOL 
,\ 
DESCRIPTION 


SLA 
7-bit slave address 


R 
Read bit 


W 
Write bit 
. 


ACK 
Acknowledgement 
(acknowledge 
bit = logic 0) 


ACK 
No acknowledgement 
(acknowledge 
bit = logic 1) 


DATA 
8-bit data byte to or from 
12C-bus 


MST 
Master 


SLY 
Slave 


TRX 
Transmitter 


REC 
Receiver 


This serial port is full duplex which means that it can 
transmit and receive simultaneously. 
It is also 
receive-buffered 
and can commence 
reception of a 
second byte before a previously 
received byte has been 


read from the register. (However, 
if the first byte has not 
been read by the time the reception of the second byte is 
complete, 
one of the bytes will be lost). The serial port 
receive and transmit registers are both accessed via the 
Special Function Register SOBUF. Writing to SOBUF loads 
the transmit register and reading SOBUF accesses a 
physically separate 
receive register. 


The serial port can operate in 4 modes: 


Mode 0 
Serial data enters and exits through RXD. TXD 
outputs the shift clock. 8 bits are 
transmitted/received 
(LSB first). The baud rate is 


fixed at 1-"12 the oscillator frequency. 


Mode 1 
10 bits are transmitted 
(through TXD) or received 


(through RXD): a start bit (0), 8 data bits (LSB 
first) and a stop bit (1). On receive, the stop bit 
goes into RB8 in Special Function Register 
SOGON. The baud rate is variable. 


Mode 2 
11 bits are transmitted 
(through TXD) or received 


(through RXD): a start bit (0), 8 data bits (LSB 
first), a programmable 
9th data bit and a stop bit 


(1). On transmit, the 9th data bit (TB8 in SOGON) 
can be assigned the value of 0 or 1. Or, for 
example, the parity bit (P, in the PSW) could be 
moved into TB8. On receive, the 9th data bit goes 
into RB8 in SOGON, while the stop bit is ignored. 
The baud rate is programmable 
to either %2 or 


%4 of the oscillator frequency. 


Mode 3 
11 bits are transmitted 
(through TXD) or received 


(through RXD): a start bit (0), 8 data bits (LSB 
first), a programmable 
9th data bit and a stop bit 


(1). In fact, Mode 3 is the same as Mode 2 in all 
respects except baud rate. The baud rate in 
Mode 3 is variable. 


In all four modes, transmission 
is initiated by any 
instruction that uses SOBUF as a destination 
register. 


Reception is initiated in Mode 0 by the condition RI = 0 and 
REN = 1. Reception 
is initiated in the other modes by the 


incoming start bit if REN = 1. 


Modes 2 and 3 have a special provision for multiprocessor 
communications. 
In these modes, 9 data bits are received. 


The 9th bit goes into RB8. The following 
bit is the stop bit. 


The port can be programmed 
such that when the stop bit 
is received, the serial port interrupt will be activated, 
but 
only if RB8 = 1. This feature is enabled by setting bit SM2 
in SOGON. One use of this feature, in multiprocessor 
systems, is as follows. 


When the master processor wants to transmit a block of 
data to one of several slaves, it first sends out an address 
byte which identifies the target slave. An address byte 
differs from a data byte in that the 9th bit is HIGH in an 
address byte and LOW in a data byte. With SM2 = 1, no 
slave will be interrupted 
by a data byte. An address byte, 
however, will interrupt all slaves, so that each slave can 
examine the received byte and see if it is being addressed. 
The addressed 
slave will clear its SM2 bit and prepare to 


receive the data bytes that will be sent. The slaves that 
were not being addressed 
leave their SM2 bits set and go 
on about their business, 
ignoring the coming data bytes. 


SM2 has no effect in Mod~ 0, and in Mode 1 can be used 
to check the validity of the stop bit. In a Mode 1 reception, 
if SM2 = 1, the receive interrupt will not be activated unless 
a valid stop bit is received. 


6.9.2 
SERIALPORTCONTROLREGISTER(SOCON) 


The Serial Port Control and Status Register is the Special Function Register SOCON; shown in Table 22. The register 
contains not only the mode selection bits, but also the 9th data bit for transmit and receive (TB8 and RB8), and the serial 
port interrupt bits (TI and RI). 


7 


SMO 


6 


SM1 


5 


SM2 


4 


REN 


3 


TB8 


2 


RB8 


BIT 
SYMBOL 
FUNCTION 


--;c- 


SOCON.7 
SMO 
These two bits are used to select the serial port mode. See Table 24. 


SOCON.6 
SM1 


SOCON.5 
SM2 
Enables the multiprocessor 
communication 
feature in Modes 2 and 3. In these modes, 


if SM2 = 1, then RI will not be activated if the received 9th data bit (RB8) is a logic O. 
In Mode 1, if SM2 = 1, then RI will not be activated unless a valid Stop bit was received. 
In Mode 0, SM2 should be a logic O. 


SOCONA 
REN 
Enables serial reception and is set by software to enable reception, and cleared by 
software to disable reception. 


SOCON.3 
TB8 
Is the 9th data bit that will be transmitted 
in Modes 2 and 3. Set or cleared by software 


as desired. 


SOCON.2 
RB8 
In Modes 2 and 3, is the 9th data bit received. In Mode 1, if SM2 = 0 then RB8 is the 
stop bit that was received. 
In Mode 0, RB8 is not used. 


SOCON.1 
TI 
The transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at 
the beginning of the stop bit time in the other modes, in any serial transmission. 
Must be 


cleared by software. 


SOCON.O 
RI 
The receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or 
halfway through the stop bit time in the other modes, in any serial transmission 
(for 


exception see SM2). Must be cleared by software. 


SMO 
SM1 
MODE 
DESCRIPTION 
BAUD RATE 


0 
0 
0 
shift register 
1f12fosc 


0 
1 
1 
8-bit UART 
variable 


1 
0 
2 
9-bit UART 
%4fosc or %2fosc 


1 
1 
3 
9-bit UART 
variable 


Product specification 


6.10 
Baud rates 


The baud rate in Mode 0 is fixed and may be calculated as 
shown below: 


f 
Baud rate = ~12 


The baud rate in Mode 2 depends on the value of the 
SMOD bit in Special Function Register PCON. If 
SMOD = 0, (which is the value on reset), the baud rate is 
%4 the oscillator frequency. 
If SMOD = 1, the baud rate is 
%2 the oscillator frequency. 
The baud rate in Mode 2 may 
be calculated 
as shown below: 


2SMOD 
Baud rate = 64 x fosc 


The baud rates in Modes 1 and 3 are determined 
by the 
Timer 1 or Timer 2 overflow rate. 


6.10.1 
USINGTIMER 1 TO GENERATEBAUDRATES 


When Timer 1 is used as the baud rate generator, the 
baud rates in Modes 1 and 3 are determined 
by the 


Timer 1 overflow rate and the value of the SMOD bit as 
follows: 


2SMOD 
Baud rate = 32 x Timer 1 overflow 
rate 


The Timer 1 interrupt should be disabled in this 
application. 
The Timer itself can be configured 
for either 
'timer' or 'counter' operation in any of its 3 running modes. 
In most typical applications, 
it is configured 
for 'timer' 


operation, 
in the Auto-Reload 
mode (high nibble of 
TMOD = 001 OB). In this case the baud rate is given by the 
formula: 


2SMOD 
Baud rate = -- 
x f 
x 
1 
32 
osc 
[12 x (256 - TH1)] 


By configuring 
Timer 1 to run as a 16-bit timer (high nibble 
of TMOD = 0001 B), and using the Timer 1 interrupt to do 
a 16-bit software reload, very low baud rates can be 
achieved. Table 25 lists various commonly 
used baud 
rates and how they can be obtained from Timer 1. 


BAUD RATE 
fose (MHZ) 
SMOD 
CfT 
TIMER 1 MODE 
RELOAD 
VALUE 


Mode 0 max: 1 Mbits/s 
12 
X 
X 
X 
X 


Mode 2 max: 375 kbitsls 
12 
1 
X 
X 
X 


Modes 1 and 3: 62.5 kbiVs 
12 
1 
0 
2 
FFH 


19.2 kbitsls 
11.059 
1 
0 
2 
, 
FDH 


9.6 kbitsls 
11.059 
0 
0 
2 
FDH 


4.8 kbitsls 
11.059 
0 
0 
2 
FAH 


2.4 kbitsls 
11.059 
. 
0 
0 
2 
F4H 


1.2 kbitsls 
11.059 
0 
0 
2 
E8H 


137.5 kbitsls 
11.986 
0 
0 
2 
1DH 


110 
6 
0 
0 
2 
72H 


110 
12 
0 
0 
1 
FEEBH 


6.10.2 
USINGTIMER2 TO GENERATEBAUDRATES 


Timer 2 is selected as a baud rate generator by setting the 
RTCLK bit in T2CON. The baud rate generator 
mode is 


similar to the Auto-Reload 
mode, in that a roll-over in TH2 
causes Timer 2 registers to be reloaded with the 16-bit 
value held in the registers RCAP2H and RCAP2L, which 
are preset by software. 
Baud rates in Modes 1 and 3 are 
determined 
by Timer 2's overflow rate as specified below. 


B 
d 
t 
_ Timer 2 overflow 
rate 
au 
ra e - 
16 


The timer can be configured 
for either 'timer' or 'counter' 


operation. 
In typical applications 
it is configured 
for timer 


operation 
(CfT2 = 0). Timer operation 
is slightly different 
for Timer 2 when it is being used as a baud rate generator. 
Normally, as a timer it would increment 
every machine 
cycle at a frequency 
of 1;12fosc.However, as a baud rate 


generator 
it increments 
every state time at a frequency 
of 
%fosc. In this case the baud rate is determined 
as specified 


below. 


Where (RCAP2H;RCAP2L) 
is the content of registers 


RCAP2H and RCAP2L taken as a 16-bit unsigned integer. 


The baud rate generator 
mode for Timer 2 is shown in 


Fig.14. This figure is only valid if RTCLK = 1. At roll-over 
TH2 does not set the TF2 bit in T2CON and therefore, will 
not generate an interrupt. Consequently, 
the Timer 2 
interrupt does not need to be disabled when in the baud 
rate generator 
mode. If EXEN2 is set, a HIGH-to-LOW 
transition on T2EX will set the EXF2 bit, also in T2CON, 
but will not cause a reload from (RCAP2H; 
RCAP2L) to 
(TH2; TL2). Therefore, 
in this mode T2EX may be used as 
an additional external interrupt. 


When Timer 2 is operating 
as a timer (TR2 = 1), in the 


baud rate generator 
mode, registers TH2 and TL2 should 


not be accessed. Under these conditions the timer is being 
incremented 
every state time and therefore the results of a 
read or write may not be accurate. The RCAP registers 
however, may be read but not written to. A write might 
overlap a reload and cause write and/or reload errors. If a 
write operation 
is required Timer 2 should first be turned 


off by clearing the TR2 bit. 


6.11 
Interrupt system 


External events and the real-time-driven 
on-chip 
peripherals 
require service by the CPU asynchronously 
to 


the execution of any particular section of code. To tie the 
asynchronous 
activities of these functions to normal 


program execution a multiple-source, 
two-priority-Ievel, 


nested interrupt system is provided. The interrupt system 
is shown in Fig.15. The P83CL781 acknowledges 
interrupt 


requests from fifteen sources as follows: 


• 
INTO to INT9 


• Timer 0, Timer 1 and Timer 2 


• 
12C-bus serial I/O 


• UART. 


Each interrupt vectors to a separate location in program 
memory for its service routine. Each source can be 
individually 
enabled or disabled by its corresponding 
bit in 


the Interrupt Enable Registers (1ENO and 1EN1). The 
priority level is selected via the Interrupt Priority Registers 
(IPOand IP1). All enabled sources can be globally disabled 
or enabled. 


6.11.1 
EXTERNALINTERRUPTSINT2 TO INT9 


Port 1 lines serve an alternative 
purpose as eight 


additional interrupts INT2 to INT9. When enabled, each of 
these lines may wake-up the device from the Power-down 
mode. Using the Interrupt Polarity Register (IX1), each pin 
may be initialized to be either active HIGH or active LOW. 
IRQ1 is the Interrupt Request Flag Register. If the interrupt 
is enabled, each flag will be set on an interrupt request but 
must be cleared by software, Le. via the interrupt software 
or when the interrupt is disabled. 


Port 1 interrupts 
are level sensitive. A Port 1 interrupt will 


be recognized 
when a level (HIGH or LOW depending 
on 


the Interrupt Polarity Register) on P1.n is held active for at 
least one machine cycle. The interrupt request is not 
serviced until the next machine cycle. The external 
interrupt configuration 
is shown in Fig.15. 


6.11.2 
INTERRUPTPRIORITY 


Each interrupt source can be set to either a high priority or 
to a low priority. If both priorities are requested 
simultaneously, 
the processor will branch to the high 


priority vector. A low priority interrupt can only be 
interrupted 
by a high priority interrupt. A high priority 


interrupt routine can not be interrupted. 


Table 26 shows the interrupt vectors in order of priority. 
XO having the highest priority; X9 the lowest. The vector 
indicates the ROM location where the appropriate 
interrupt 


service routine starts. 


SOURCE 
SYMBOL 
VECTOR 


External 0 
XO 
0OO3H 


12C-bus port 
81 
002BH 


External 5 
X5 
0053H 


Timer 0 
TO 
OOOBH 


Timer 2 
T2 
0033H 


External 6 
X6 
005BH 


External 1 
X1 
0013H 


External 2 
X2 
003BH 


External 7 
X7 
0063H 


Timer 1 
T1 
001BH 


External 3 
X3 
0043H 


External 8 
X8 
006BH 


UART 
80 
0023H 


External 4 
X4 
004BH 


External 9 
X9 
0073H 


IEN0I1 
IP0I1 


REGISTERS 
- 
- 
~ 
XO 
-"""o--.-1'C 
~ 
- 


I 
- 
LOW 
___ 
I 


S1 
0--..1"C 
- 
I 
- 


.--- 
I 
X5 
0--..1"C 
- 
I 
- 


TO 
...•.~ 
./' 
- 


I 
- 
j 


___ 
I 


T2 
0--..1"C 
- 
I 
- 


.--- 
I 
X6 
0--..1"C 
- 
I 
- 
w 
...•.~ 
0 


X1 


./' 
zw 


I 
:J 
- 
- 
0 


.--- 
I 


w 
(/) 


X2 
~ 
Cl 


I 
z 
- 
- 
:; 
___ 
I 


...J 
0 
X7 
0--..1"C 
Q. 


I 
I- 
- 
- 
Q. 
___ 
I 


:Ja: 


T1 
0--..1"C 
a:w 
- 
I 
- 
I- 
---~ 
~ 


X3 
./" 
- 
I 
- 


1 


.--- 
I 
X8 
0--..1"C 
- 
I 
- 


.--- 
I 
so 
0--..1"C 
- 


I 
~ 
___ 
I 
,. 


X4 
0--..1"C 
- 
I 
I--- 


X9 
.---~ 
- 


I 
L-- 
L- 


I 


I 
'--- 


IXl 
IENl 
IRQl 


Pl.7 
X9 


Pl.6 
X8 


Pl.5 
X7 


Pl.4 
X6 


Pl.3 
X5 


Pl.2 
X4 


Pl.l 
X3 


Pl.0 
X2 


MLA575 


6.11.3 
INTERRUPTENABLEREGISTER(IENO) 


Table 27 Interrupt Enable Register (SFR address A8H) 


6 


ET2 


4 


ESO 


1 


ETO 


o 


EXO 


BIT(1) 
SYMBOL 
FUNCTION 


IENO.7 
EA 
General enable/disable 
control. If EA = 0, no interrupt is enabled. If EA = 1, any 


individually 
enabled interrupt will be accepted. 


IENO.6 
ET2 
enable T2 interrupt 


IENO.5 
ES1 
enable 
12C-bus interrupt 
~. 
, 


IENO.4 
ESO 
enable UART SIO interrupt 
. 
• 


IENO.3 
ET1 
enable Timer 1 interrupt (T1) 


IENO.2 
EX1 
enable external interrupt 1 
~ 


IENO.1 
ETO 
enable Timer 0 interrupt (TO) 


IENO.O 
EXO 
enable external interrupt 0 
i 


Note 


1. 
Where: logic 0 = interrupt disabled; logic 1 = interrupt enabled. 


6.11.4 
INTERRUPTENABLEREGISTER(IEN1) 


Table 29 Interrupt Enable Register (SFR address E8H) 


7 


EX9 


6 


EX8 


5 


EX7 


4 


EX6 


3 


EX5 


2 


EX4 


1 


EX3 
o 


EX2 


BIT(1) 
SYMBOL 
FUNCTION 


IEN1.7 
EX9 
enable external interrupt 9 


IEN1.6 
EX8 
enable external interrupt 8 


IEN1.5 
EX7 
enable external interrupt 7 


IEN1.4 
EX6 
enable external interrupt 6 


IEN1.3 
EX5 
enable external interrupt 5 


IEN1.2 
EX4 
enable external interrupt 4 


IEN1.1 
EX3 
enable external interrupt 3 


IEN1.0 
EX2 
enable external interrupt 2 


Note 


1. 
Where: logic 0 = interrupt disabled; logic 1 = interrupt enabled. 


6.11.5 
INTERRUPTPRIORITYREGISTER(IPO) 


Table 31 Interrupt Priority Register (SFR address 88H) 


6 


PT2 


4 


PSO 


1 


PTO 


o 


PXO 


BIT(1) 
SYMBOL 
FUNCTION 


IPO.7 
- 
Reserved 


IPO.6 
PT2 
Timer 2 interrupt priority level 
I 


IPO.5 
PS1 
12C·bus interrupt priority level 
, 


IPOA 
PSO 
UART SIO interrupt priority level 
" 


IPO.3 
PT1 
Timer 1 interrupt priority level 


IPO.2 
PX1 
External interrupt 1 priority lever 
, 


IPO.1 
PTO 
Timer 0 interrupt priority level 
. 
~, 
. 


IPO.O 
PXO 
External interrupt 0 priority level 
• 


Note 


1. 
Where: logic 0 = low priority; logic 1 = high priority. 


6.11.6 
INTERRUPTPRIORITYREGISTER(IP1) 


Table 33 Interrupt Priority Register (SFR address F8H) 


7 


PX9 


6 


PX8 


5 


PX7 


4 


PX6 


3 


PX5 


2 


PX4 


1 


PX3 


o 


PX2 


BIT(1} 
SYMBOL 
FUNCTION 
. 


IP1.7 
PX9 
external interrupt 9 priority level 


IP1.6 
PX8 
external interrupt 8 priority level 
- 
., 


IP1.5 
PX7 
external interrupt 7 priority level 


IP1A 
PX6 
external interrupt 6 priority level 


IP1.3 
PX5 
external interrupt 5 priority level 


IP1.2 
PX4 
external interrupt 4 priority level 
. 


IP1.1 
PX3 
external interrupt 3 priority level 


IP1.0 
PX2 
external interrupt 2 priority level 
. 


Note 


1. 
Where: logic 0 = low priority; logic 1 = high priority. 


6.11.7 
INTERRUPTPOLARITYREGISTER(IX1) 


Writing either a logic 1 or logic Ologic 0 to any Interrupt Polarity Register bit sets the polarity level of the corresponding 
external interrupt to an active HIGH or active LOW respectively. 


BIT 
SYMBOL 
FUNCTION 


IX1.7 
IL9 
external interrupt 9 polarity level 


IX1.6 
IL8 
external interrupt 8 polarity level 


IX1.5 
IL7 
external interrupt 7 polarity level 


IX1.4 
IL6 
external interrupt 6 polarity level 
. 


IX1.3 
IL5 
external interrupt 5 polarity level 


IX1.2 
IL4 
external interrupt 4 polarity level 


IX1.1 
IL3 
external interrupt 3 polarity level 


IX1.0 
1L2 
external interrupt 2 polarity level 
, 


6.11.8 
INTERRUPTREQUESTFLAG REGISTER(IR01) 


Table 37 Interrupt Request Flag Register (SFR address COH) 


BIT 
SYMBOL 
FUNCTION 


IR01.7 
109 
external interrupt 9 request flag 


IR01.6 
108 
external interrupt 8 request flag 
.. 
. 


IR01.5 
107 
external interrupt 7 request flag 


IR01.4 
106 
external interrupt 6 request flag 
-~ 


IR01.3 
105 
external interrupt 5 request flag 
. 


IR01.2 
104 
external interrupt 4 request flag 
, 
- 
. 


IR01.1 
103 
external interrupt 3 request flag 


IR01.0 
102 
external interrupt 2 request flag 


6.11.9 
RELATEDREGISTERS 


The following 
registers are used in conjunction 
with the interrupt system. 


REGISTER 
FUNCTION 
.:-, 
SFR ADDRESS 


IX1 
Interrupt Polarity Register 
J 
E9H 


IRQ1 
Interrupt Request Flag Register 
. 
COH 


IENO 
Interrupt Enable Register 
- 
. 
" 
A8H 


IEN1 
Interrupt Enable Register (INT2 to INT9) 
E8H 


IPO 
Interrupt Priority Register 
B8H 


IP1 
Interrupt Priority Register (INT2 to INT9) 
F8H 


6.12 
Oscillator circuitry 


The on-chip oscillator circuitry of the P83CL781 
is a 


single-stage 
inverting amplifier biased by an internal 


feedback 
resistor. The oscillator circuit is shown in Fig.17. 


For operation as a standard quartz oscillator, 
no external 
components 
are needed (except at 32 kHz). When using 
external capacitors, 
ceramic resonators, 
coils and RC 
networks to drive the oscillator, five different configurations 
are supported 
(see Table 40 and Fig.18). 


In the Power-down 
mode the oscillator is stopped and 


XTAL 1 is pulled HIGH. The oscillator invertor is switched 


off to ensure no current will flow regardless 
of the voltage 
at XTAL 1. To drive the device with an external clock 
source, apply the external clock signal to XTAL 1, and 
leave XTAl2 
to float, as shown in Fig.18f. There are no 


requirements 
on the dUty cycle of the external clock, since 
the input to the internal clocking circuitry is buffered by a 
flip-flop. 


Various oscillator options are provided for optimum 
on-chip oscillator performance; 
these are specified 
in 


Table 40 and shown in Fig.18. The required option should 
be stated when ordering. 


P83CL781 
to internal 


P83CL782 
timing 
circuits 


VDD 
VDD 
1 
1 


C1iJ: 
1 Rbias 1 
J: C2i 


XTAL1 
XTAL2 


0 


MLA613 


OSCILLATOR 
APPLICATION 


Oscillator 
1 
For 32 kHz clock applications 
with external trimmer for frequency 
adjustment. 
A 4.7 MQ bias 
resistor is needed for use in parallel with the crystal. See Fig.18c. 


Oscillator 
2 
For low-power, 
low-frequency 
operations 
using LC components. 
See Fig.18e. 
~ 


Oscillator 
3 
I 
For medium frequency 
range applications. 


Oscillator 
4 
For high frequency 
range applications. 


RC 
RC oscillator configuration. 
See Fig.18g. 


6.12.1 
OSCILLATORTYPESELECTIONGUIDE 


Table 41 Oscillator type selection guide 


FREQUENCY 
C1 ext. (pF) 
C2 ext. (pF) 
RESONATOR 
MAX. 
RESONATOR 
(MHz) 
OPTION 
SERIES RESISTANCE 
MIN. 
MAX. 
MIN. 
MAX. 


Quartz 
0.032 
Osc.1 
0 
0 
5 
15 
15 kQ; note 1 


1.0 
OsC.2 
0 
30 
0 
30 
600n 


3.58 
Osc.2 
0 
15 
0 
15 
100 n 


4.0 
Osc.2 
0 
20 
0 
20 
75n 


6.0 
OsC.3 
0 
10 
0 
10 
60n 


10.0 
OsC.4 
0 
15 
0 
15 
60n 


12.0 
OsC.4 
0 
10 
0 
10 
40n 


16.0 
Osc.4 
0 
15 
0 
15 
20n 
PXE 
0.455 
Osc.2 
40 
50 . 
40 
50 
10n 


1.0 
Osc.2 
15 
50 
15 
50 
100n 


3.58 
Osc.2 
0 
40 
0 
40 
10 n 


4.0 
Osc.2 
0 
40 
0 
40 
10 n 


6.0 
Osc.2 
0 
20 
0 
20 
5n 


10.0 
Osc.3 
0 
15 
0 
15 
6n 


12.0 
Osc.4 
10 
40 
10 
40 
6n 


LC 
Osc.2 
20 
90 
20 
90 
10 ~H = 1 n; 
100 ~H = 5 n; 
1 mH = 75 n 


Note 


1. 
32 kHz quartz crystals with a series resistance 
higher than 15 kQ will reduce the guaranteed 
supply voltage range 
to 2.5 to 3.5 V. 


SYMBOL 
PARAMETER 
OPTION 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


9m 
transconductance 
Osc.1 
Tamb= +25 °C; Voo = 4.5 V 
- 
15 
- 
IlS 


9ml 
Osc.2 
200 
600 
1000 
IlS 


9m2 
Osc.3 
400 
1500 
4000 
IlS 


9m3 
Osc.4 
1000 
4000 
10000 
IlS 


C1i 
input capacitance 
Osc.1 
- 
3.0 
- 
pF 


C1i1 
Osc.2 
- 
- 
8.0 
- 
pF 


C1j2 
Osc.3 
- 
8.0 
- 
pF 


C1j3 
Osc.4 
- 
8.0 
- 
pF 


C2j 
output capacitance 
Osc.1 
- 
23 
- 
pF 


C2j1 
Osc.2 
- 
8.0 
- 
pF 


C2j2 
Osc.3 
. 
- 
8.0 
- 
pF 


C2j3 
Osc.4 
- 
8.0 
- 
pF 


R2 
output resistance 
Osc.1 
- 
3800 
- 
kQ 


R21 
Osc.2 
.. 
- 
65 
- 
kQ 


R22 
Osc.3 
- 
18 
- 
kQ 


R23 
Osc.4 
, 
- 
5.0 
- 
kQ 


Note 


1. 
The equivalent 
circuit data of the internal oscillator compares with that of matched crystals. 


6.12.2 
RC OSCILLATOR 


The externally adjustable 
RC oscillator has a frequency 


range from 100 to 500 kHz. 


\\ 


'" 
"--.. t-- 


lose 


(kHz) 


6.13 
Reset 


To initialize the P83CL781 
a reset is performed 
by either 
of two methods: 


• Applying an external signal to the RST pin 


• Via Power-on reset circuitry. 


The reset state of the port pins is mask-programmable 
and 
can be defined by the user. The standard 
reset value for 


Ports a to 3 is FFH. A reset leaves the internal registers as 
shown in Table 43. 


6.13.1 
EXTERNALRESETUSINGTHE RSTPIN 


The reset input for the P83CL781 
is RST; pin 15. 


A Schmitt-trigger 
is used at the input for noise rejection. 


The output of the Schmitt-trigger 
is sampled by the reset 
circuitry every machine cycle. A reset is accomplished 
by 


holding the RST pin HIGH for at least two machine cycles 
(24 oscillator periods) while the oscillator 
is running. 


The CPU responds by executing an internal reset. Port 
pins adopt their reset state immediately 
after the RST goes 


HIGH. During reset, ALE and PSEN are held HIGH. 


The external reset is asynchronous 
to the internal clock. 


The RST pin is sampled during state 5, phase 2 of every 
machine cycle. After a HIGH is detected at the RST pin, an 
internal reset is repeated until RST goes LOW. The 
internal RAM is not affected by reset. When VDD is turned 
on, the RAM contents are indeterminate. 


6.13.2 
POWER-ONRESET 


The device contains on-chip circuitry which switches the 
port pins to the customer defined logic level as soon as 
VDD exceeds 1.3 V; if the mask option 'ON' has been 
chosen. As soon as the minimum supply voltage is 
reached, the oscillator will start up. However, to ensure 
that the oscillator is stable before the controller starts, the 
clock signals are gated away from the CPU for a further 
1536 oscillator periods. A hysteresis 
of approximately 


50 mV at a typical power-on switching level of 1.3 V will 
ensure correct operation. 
See Fig.23. 


The on-chip Power-on reset circuitry can also be switched 
off via the mask option 'OFF'. This option reduces the 
Power-down 
current to typically 800 nA and can be 
chosen if external reset circuitry is used. 


An automatic reset can be obtained by connecting the RST 
pin to VDDvia a 10 J.lFcapacitor. 
At power-on, the voltage 
on the RST pin is equal to VDDminus the capacitor voltage, 
and decreases from VDDas the capacitor charges through 
the internal resistor (RRST)to ground. The larger the 
capacitor, the more slowly VRSTdecreases. 
VRSTmust 


remain above the lower threshold 
of the Schmitt-trigger 
long enough to effect a complete 
reset. The time required 
is the oscillator start-up time, plus 2 machine cycles. The 
Power-on reset circuitry is shown in Fig.22. 


REGISTER 
CONTENTS(1) 


ACC 
00000000 


B 
00000000 


DPl 
00000000 
, 


DPH 
00000000 


IENO 
00000000 


IEN1 
, 
00000000 


IPO 
XXOO0000 


IP1 
00000000 


IX1 
00000000 


IRQ1 
00000000 


PCH 
.. 
00000000 


PCl 
00000000 


PCON 
OXXO0000 


POto P3 
1111 1111 


SOBUF 
XXXXXXXX 


SOCON 
00000000 


S1ADR 
00000000 


S1CON 
00000000 


S1DAT 
00000000 


S1STA 
1111 1000 


SP 
00000111 


TCON 
00000000 


T2CON 
00000000 


T3 
00000000 


THO, TH1, TH2 
00000000 


TlO, Tl1, 
Tl2 
00000000 


TMOD 
00000000 


PSW 
00000000 


RCAP2l 
00000000 


RCAP2H 
00000000 


Note 


1. 
Where: X = undefined state. 


The P83CL781 
uses a powerful instruction 
set which permits the expansion 
of on-chip CPU peripherals 
and optimizes 
byte efficiency and execution 
speed. Assigned opcodes add new high-power 
operation 
and permit new addressing 
modes. The instruction set consists of 49 single-byte, 
46 two-byte and 16 three-byte 
instructions. 
When using a 12 MHz 
oscillator, 64 instructions 
execute in 1 I-lsand 45 instructions 
execute in 2 I-ls. Multiply and divide instructions 
execute in 
41-ls. 


MNEMONIC 
DESCRIPTION 
BYTES 
CYCLES 
OPCODE 
(HEX) 


Arithmetic 
operations 


ADD 
A,Rr 
Add register to A 


, 


1 
1 
2" 


ADD 
A,direct 
Add direct byte to A 
2 
1 
25 


ADD 
A,@Ri 
Add indirect RAM to A 
1 
1 
26,27 


ADD 
A,#data 
Add immediate 
data to A 
2 
1 
24 


ADDC 
A,Rr 
Add register to A with carry flag 
1 
1 
3" 


ADDC 
A,direct 
Add direct byte to A with carry flag 
2 
1 
35 


ADDC 
A,@Ri 
Add indirect RAM to A with carry flag 
1 
1 
36,37 


AD DC 
A,#data 
Add immediate 
data to A with carry flag 
2 
1 
34 


SUBB 
A,Rr 
Subtract register from A with borrow 
1 
1 
9" 


SUBB 
A,direct 
Subtract direct byte from A with borrow 
2 
1 
95 


SUBB 
A,@Ri 
Subtract indirect RAM from A with borrow 
1 
1 
96,97 


SUBB 
A,#data 
Subtract immediate 
data from A with borrow 
2 
1 
94 


INC 
A 
Increment A 
1 
1 
04 


INC 
Rr 
Increment 
register 
1 
1 
0" 


INC 
direct 
Increment direct byte 
2 
1 
05 


INC 
@Ri 
Increment indirect RAM 
1 
1 
06,07 


DEC 
A 
Decrement 
A 
1 
1 
14 


DEC 
Rr 
Decrement 
register 
1 
1 
1" 


DEC 
direct 
Decrement 
direct byte 
2 
1 
15 


DEC 
@Ri 
Decrement 
indirect RAM 
1 
1 
16,17 


INC 
DPTR 
Increment data pointer 
1 
2 
A3 


MUL 
AB 
Multiply A & B 
1 
4 
A4 


DIV 
AB 
Divide A by B 
1 
4 
84 


DA 
A 
Decimal adjust A 
1 
1 
D4 


Philips Semiconductors 
Product specification 


Low voltage 8-bit microcontrollers 
P83CL781; P83CL782 


MNEMONIC 
DESCRIPTION 
OPCODE 
(HEX) 


Logic 
operations 


ANL 
A,Rr 
AND register to A 
1 
1 
5' 


ANL 
A,direct 
AND direct byte to A 
2 
1 
55 


ANL 
A,@Ri 
AND indirect RAM to A 
1 
1 
56,57 


ANL 
A,#data 
AND immediate 
data to A 
2 
1 
54 


ANL 
direct,A 
AND A to direct byte 
2 
1 
52 


ANL 
direct,#data 
AND immediate 
data to direct byte 
3 
2 
53 


ORL 
A,Rr 
OR register to A 
1 
1 
4' 


ORL 
A,direct 
OR direct byte to A 
2 
1 
45 


ORL 
A,@Ri 
OR indirect RAM to A 
1 
1 
46,47 


ORL 
A,#data 
OR immediate 
data to A 
2 
1 
44 


ORL 
direct,A 
OR A to direct byte 
2 
1 
42 


ORL 
direct,#data 
OR immediate 
data to direct byte 
3 
2 
43 


XRL 
A,Rr 
Exclusive-OR 
register to A 
1 
1 
6' 


XRL 
A,direct 
Exclusive-OR 
direct byte to A 
2 
1 
65 


XRL 
A,@Ri 
Exclusive-OR 
indirect RAM to A 
1 
1 
66,67 


XRL 
A,#data 
Exclusive-OR 
immediate 
data to.A 
2 
1 
64 


XRL 
direct,A 
Exclusive-OR 
A to direct byte 
2 
1 
62 


XRL 
direct,#data 
Exclusive-OR 
immediate 
data to direct byte 
3 
2 
63 


CLR 
A 
Clear A 
1 
1 
E4 


CPL 
A 
Complement 
A 
1 
1 
F4 


RL 
A 
Rotate A left 
1 
1 
23 


RLC 
A 
Rotate A left through the carry flag 
1 
1 
33 


RR 
A 
Rotate A right 
1 
1 
03 


RRC 
A 
Rotate A right through the carry flag 
1 
1 
13 


SWAP 
A 
Swap nibbles within A 
1 
1 
C4 


MNEMONIC 
DESCRIPTION 
BYTES 
CYCLES 
OPCODE 


(HEX) 


Data transfer 


MOV 
A,Rr 
Move register to A 
1 
1 
E* 


MOV 
A,direct** 
Move direct byte to A 
2 
1 
E5 


MOV 
A,@Ri 
Move indirect RAM to A 
1 
1 
E6, E7 


MOV 
A,#data 
Move immediate 
data to A 
2 
1 
74 


MOV 
Rr,A 
Move A to register 
1 
1 
F* 


MOV 
Rr,direct 
Move direct byte to register 
2 
2 
A* 


MOV 
Rr,#data 
Move immediate 
data to register 
2 
1 
7* 


MOV 
direct,A 
Move A to direct byte 
• 
2 
1 
F5 


MOV 
direct,Rr 
Move register to direct byte 
2 
2 
8* 


MOV 
direct, direct 
Move direct byte to direct byte 
3 
2 
85 


MOV 
direct,@Ri 
Move indirect RAM to direct byte 
2 
2 
86,87 


MOV 
direct,#data 
Move immediate 
data to direct byte 
3 
2 
75 


MOV 
@RI,A 
Move A to indirect RAM 
1 
1 
F6, F7 


MOV 
@Ri,direct 
Move direct byte to indirect RAM 
2 
2 
A6,A7 


MOV 
@Ri,#data 
Move immediate 
data to indirect RAM 
3 
1 
76, 77 


MOV 
DPTR,#data 
16 
Load data pointer with a 16-bit constant 
3 
2 
90 


MOVC 
A,@A+DPTR 
Move code byte relative to OPTR to A 
1 
2 
93 


MOVC 
A,@A+PC 
Move code byte relative to PC to A 
1 
2 
83 


MOVX 
A,@Ri 
Move external RAM (8-bit address) to A 
1 
2 
E2,E3 


MOVX 
A,@OPTR 
Move external RAM (16-bit address) to A 
1 
2 
EO 


MOVX 
@Ri,A 
Move A to external RAM (8-bit address) 
1 
2 
F2, F3 


MOVX 
@OPTR,A 
Move A to external RAM (16-bit address) 
1 
2 
FO 


PUSH 
direct 
Push direct byte onto stack 
2 
2 
CO 


POP 
direct 
Pop direct byte from stack 
2 
2 
DO 


XCH 
A,Rr 
Exchange 
register with A 
1 
1 
C* 


XCH 
A,direct 
Exchange direct byte with A 
2 
1 
C5 


XCH 
A,@Ri 
Exchange indirect RAM with A 
1 
1 
C6,C7 


XCHO 
A,@Ri 
Exchange LOW-order 
nibble indirect RAM with A 
1 
1 
06,07 


MNEMONIC 
DESCRIPTION 
BYTES 
CYCLES 
OPCODE 


(HEX) 


Boolean 
variable 
manipulation 


CLR 
C 
Clear carry flag 
1 
1 
C3 


CLR 
bit 
Clear direct bit 
2 
1 
C2 


SETB 
C 
Set carry flag 
1 
1 
D3 


SETB 
bit 
Set direct bit 
2 
1 
D2 


CPL 
C 
Complement 
carry flag 
1 
1 
B3 


CPL 
bit' 
Complement 
direct bit 
2 
1 
B2 


ANL 
C,bit 
AND direct bit to carry flag 
2 
2 
82 


ANL 
C,/bit 
AND complement 
of direct bit to carry flag 
2 
2 
BO 


ORL 
C,bit 
OR direct bit to carry flag 
2 
2 
72 


ORL 
C,/bit 
OR complement 
of direct bit to carry flag 
~ 
2 
2 
AO 


MOV 
C,bit 
Move direct bit to carry flag 
2 
1 
A2 


MOV 
bit,C 
Move carry flag to direct bit 
.1 
2 
2 
92 


Program 
and machine 
control 


ACALL 
addr11 
Absolute subroutine 
call 
- 
2 
2 
-1 addr 


LCALL 
addr16 
Long subroutine 
call 
3 
2 
12 


RET 
Return from subroutine 
1 
2 
22 


RETI 
Return from interrupt 
1 
2 
32 


AJMP 
addr11 
Absolute jump 
2 
2 
.1 
addr 


LJMP 
addr16 
Long jump 
3 
2 
02 


SJMP 
rei 
Short jump (relative address) 
2 
2 
80 


JMP 
@A+DPTR 
Jump indirect relative to the DPTR 
1 
2 
73 


JZ 
rei 
Jump if A is zero 
2 
2 
60 


JNZ 
rei 
Jump if A is not zero 
2 
2 
70 


JC 
rei 
Jump if carry flag is set 
2 
2 
40 


JNC 
rei 
Jump if carry flag is not set 
2 
2 
50 


JB 
bit, rei 
Jump if direct bit is set 
3 
2 
20 


JNB 
bit, rei 
Jump if direct bit is not set 
3 
2 
30 


JBC 
bit,rel 
Jump if direct bit is set and clear bit 
3 
2 
10 


CJNE 
A,direct,rel 
Compare direct to A and jump if not equal 
3 
2 
85 


CJNE 
A,#data,rel 
Compare 
immediate to A and jump if not equal 
3 
2 
B4 
CJNE 
Rr,#data,rel 
Compare immediate to register and jump if not equal 
3 
2 
8* 
CJNE 
@Ri,#data,rel 
Compare immediate to indirect and jump if not equal 
3 
2 
86,87 


DJNZ 
Rr,rel 
Decrement 
register and jump if not zero 
2 
2 
D* 


DJNZ 
direct, rei 
Decrement 
direct and jump if not zero 
3 
2 
D5 
NOP 
No operation 
1 
1 
00 


SYMBOL 
DESCRIPTION 


Rr 
Working registers ROto R7, 
- 


direct 
128 internal RAM locations and any special function 
register (SFR), 
.' 


@Ri 
Indirect internal RAM location addressed 
by register RO or R1. 


#data 
8-bit constant included in instruction. 


#data 16 
16·bit constant included as bytes 2 and 3 of instruction. 
, . 


bit 
Direct addressed 
bit in internal RAM or SFR. 


addr16 
16-bit destination 
address. Used by LCALL and LJMP. The branch will be anywhere 
within the 


64 kbyte program memory address space. 


addr11 
11-bit destination 
address. Used by ACALL and AJMP. The branch will be within the same 2 kbyte 
page of program memory as the first byte of the following 
instruction. 


rei 
Signed (two's complement) 
8-bit offset byte. Used by SJMP and all conditional 
jumps. Range is 
-128 to +127 bytes relative to first byte of the following 
instruction. 


SYMBOL 
DESCRIPTION 
t 
. 


· 
8,9,A,B,C,D,E,F. 
• 


• 
11,31,51,71,91, 
B1, D1, F1. 


• 
01,21,41,61,81, 
A1, C1, E1. 


~ 
first hexadecimal 
character 
of opcode 


0 
1 
2 
3 
4 
5 
S 
I 
7 
al91A 
IBlclDIEI 
F 


0 
AJMP 
LJMP 
INC 
INC@Ri 
INCRr 


NOP 
addr11 
addr1S 
RRA 
INCA 
dir 
I 
1 
11 
1213141sls17 
0 
0 


1 
JBC 
ACALL 
LCALL 
DEC 
DEC@Ri 
DECRr 


bit, rei 
addr 11 
addr 1S 
RRCA 
DECA 
dir 
I 
1 
o 
11 
12 
13141sls17 
0 


2 
JB 
AJMP 
ADD 
ADD 
ADDA, 
@ Ri 
ADD A, Rr 


bit, rei 
addr 11 
RET 
RLA 
A, # data 
A,dir 
0 
I 
1 
0 
11 
12 
13141sls17 


3 
JNB 
ACALL 
ADDC 
ADDC 
ADDCA, 
@ Ri 
ADDCA, 
Rr 


bit, rei 
addr11 
RETI 
RLCA 
A, # data 
A,dir 
I 
1 
o 
11 
12 
13141sls17 
0 


4 
JC 
AJMP 
ORL 
ORL 
ORL 
ORL 
ORLA, 
@Ri 
ORLA, 
Rr 


rei 
addr 11 
dir, A 
dir, # data 
A, # data 
A,dir 
0 
I 
1 
o 
11 
12 
13141sls17 


5 
JNC 
ACALL 
ANL 
ANL 
ANL 
ANL 
ANLA, 
@Ri 
ANLA, 
Rr 


rei 
addr11 
dir, A 
dir, # data 
A, # data 
A,dir 
0 
I 
1 
o 
11 
12 
13141sls17 


S 
JZ 
AJMP 
XRL 
XRL 
XRL 
XRL 
XRLA, 
@Ri 
XRLA, 
Rr 


rei 
addr 11 
dir, A 
dir, # data 
A, # data 
A,dir 
0 
1 
1 
o 
11 
12 
13141sls17 


7 
JNZ 
ACALL 
ORL 
JMP 
MOV 
MOV 
MOV @ Ri, # data 
MOV Rr, # data 


rei 
addr 11 
C, bit 
@A+DPTR 
A, # data 
dir, # data 
0 
I 
1 
o 
11 
12 
13141sls17 


a 
SJMP 
AJMP 
ANL 
MOVC 
DIV 
MOV 
MOVdir,@ 
Ri 
MOVdir, 
Rr 


rei 
addr 11 
C, bit 
A, @A+PC 
AB 
dir, dir 
0 
I 
1 
o 
11 
12 
13141sls17 


9 
MOVDPTR, 
ACALL 
MOV 
MOVC 
SUBB 
SUBB 
SUBBA, 
@ Ri 
SUBBA, 
Rr 


# data 1S 
addr 11 
bit, C 
A, @A+DPTR 
A, # data 
A,dir 
0 
1 
1 
o 
11 
12 
13141SlS17 


A 
ORL 
AJMP 
MOV 
INC 
MUL 
MOV@ 
Ri,dir 
MOVRr,dir 


C,/bit 
addr11 
bit, C 
DPTR 
AB 
0 
I 
1 
0 
11 
12 
13141sls17 


B 
ANL 
ACALL 
CPL 
CJNEA, 
CJNE 
CJNE 
@ Ri, # data, rei 
CJNE Rr, # data, rei 


C,/bit 
addr 11 
bit 
CPLC 
# data, rei 
A, dir, rei 
1 
1 
o 
11 
1 2 
13141sls17 
0 


C 
PUSH 
AJMP 
CLR 
SWAP 
XCH 
XCHA, 
@ Ri 
XCHA, 
Rr 


dir 
addr 11 
bit 
CLRC 


1 
1 
o 
11 
12 
13141sls17 
A 
A, dir 
0 


D 
POP 
ACALL 
SETB 
SETB 
DJNZ 
XCHDA,@ 
Ri 
DJNZ Rr, rei 


dir 
addr11 
bit 
C 
DAA 
dir, rei 
1 
1 
11 
12 
13141sls17 
0 
0 


E 
MOVX 
AJMP 
MOVXA, 
@ Ri 
MOV. 
MOVA, 
@ Ri 
MOVA, 
Rr 


A, @ DPTR 
addr11 
0 
1 
CLRA 
A, dir 
0 
1 
1 
o 
11 
12 
13141SlS17 


F 
MOVX 
ACALL 
MOVX@Ri,A 
MOV 
MOV 0 
RI,A 
MOVRr, 
A 


o DPTR,A 
addr11 
0 
1 


CPLA 
dir,A 
0 
1 
1 
o 
11 
12 
13141sls17 


..., 
"'tl 
:.. 
r 
~ 
0 
-0' 


CIl 
5' 
:E 
(J) 


1Il 
< 


(1) 
.. 
3 
2 
0 
ci" 
!l 
;::::; 
0 
o' 
ll> 
::>c. 
;, 
<C 
c 
:: 
CD 
n- 
O 
Dl 
ex> 
Cil 
'0 
I0- 
;:;: 
3o'.,0 
(')0 
:::l-.,0 


CD., 
(J) 


8 
LIMITING VALUES 


In accordance 
with the Absolute 
Maximum 
Rating System (IEC 134) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


Voo 
supply voltage 
, 
-0.5 
+6.5 
V 


VI 
input voltage on any pin with respect to ground (Vss) 
-0.5 
Voo + 0.5 
Ii 


II 
DC current on any input 
- 
+5.0 
mA 


10 
DC current on any output 
- 
-5.0 
mA 


Ptot 
total power dissipation 
- 
300 
mW 


Tstg 
storage temperature 
-65 
+150 
°c 


Tamb 
operating 
ambient temperature 
- P83CL781 
-40 
+85 
°c 


operating 
ambient temperature 
- P83CL782 
-25 
+55 
°c 


Tj 
operating junction temperature 
- 
+125 
°c 


9 
DC CHARACTERISTICS 


The DC characteristics 
apply tq both the P83CL781 and the P83CL782 
unless otherwise stated. Voo = 1.8 to 6 V; 


Vss = 0 V; Tamb= -40 to +85 °C for the P83CL781 and -25 to +55 °C for the P83CL782; 
all voltages with respect to 
Vss unless otherwise specified. 
See notes 1, 2 and 3. 


SYMBOL 
PARAMETER 
. 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 
. 


Voo 
supply voltage 
! 
1.8 
- 
6.0 
V 


Voo 
RAM retention voltage in 
1.0 
- 
6.0 
V 


Power-down 
mode 


100 
supply current operating; 
Voo = 5 V; fCLK= 12 MHz; note 4 
- 
17 
25 
mA 


P83CL781 
Voo = 3 V; fCLK= 3.58 MHz; note 4 
- 
2.4 
5 
mA 


100 
supply current operating; 
Voo = 3.1 V; fCLK= 12 MHz; note 4 
- 
8.4 
12 
mA 


P83CL782 
Voo = 3 V; fCLK= 3.58 MHz; note 4 - 
2.4 
5 
IJA 


1100(10) 
supply current Idle mode; 
Voo = 5 V; fCLK= 12 MHz; note 5 
- 
5.1 
12 
mA 


P83CL781 
Voo = 3 V; fCLK= 3.58 MHz; note 5 - 
0.75 
3 
mA 


1100(10) 
supply current Idle mode; 
Voo = 5 V; fCLK= 12 MHz; note 5 
- 
2.7 
5 
mA 


P83CL782 
Voo = 3 V; fCLK= 3.58 MHz; note 5 
- 
0.75 
3 
mA 


11D0(po) 
supply current Power-down 
Voo = 1.8 V; Tamb= 25°C; 
note 6 
- 
- 
10 
IJA 


mode 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Inputs 


V1L 
LOW level input voltage 
note 7 
Vss 
- 
0.3VDD 
V 


V1H 
HIGH level input voltage 
note 7 
0.7VDD 
- 
VDD 
V 


IlL 
LOW level input current 
VDD = 5 V; VIN = 0.4 V; note 7 
- 
- 
-100 
IJA 


VDD = 2.5 V; VIN = 0.4 V; note 7 
- 
- 
-50 
IJA 


IIL(T) 
LOW level input current 
VDD= 5 V; VIN = 0.5VDD; note 7 
- 
- 
-1.0 
mA 
(HIGH-to-LOW 
transition) 
VDD = 2.5 V; VIN = 0.5VDD; note 7 
- 
- 
-500 
IJA 


III 
input leakage current 
Vss < VI < VDD; note 7 
- 
- 
±10 
IJA 


Outputs 


IOL 
LOW level output current; 
VDD = 5 V; VOL = 0.4 V 
1.6 
- 
- 
mA 
except SDA and SCL 
VDD = 2.5 V; VOL = 0.4 V 
0.7 
- 
- 
mA 


IOL1 
LOW level output current; 
VDD = 5 V; VOL = 0.4 V 
3.0 
- 
- 
mA 
SDA and SCL 


IOH 
HIGH level output current 
VDD = 5 V; VOH = VDD- 0.4 V 
-1.6 
- 
- 
mA 
(push-pull options only) 
VDD = 2.5 V; VOH= VDD- 0.4 V 
-0.7 
- 
- 
mA 


RRST 
RST pull-down 
resistor 
10 
- 
200 
kQ 


Notes 


1. 
Capacitive 
loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed 
on the LOW level output 
voltage of ALE, Port 1 and Port 3 pins when these make a HIGH-to-LOW 
transition during bus operations. 
The noise 
is due to external bus capacitance 
discharging 
into the Port 0 and Port 2 pins when these pins make HIGH-to-LOW 
transitions 
during bus operations. 
In the most adverse conditions 
(capacitive 
loading 
>100 pF), the noise pulse on 
the ALE line may exceed 0.8 V. In such events it may be required to qualify ALE with a Schmitt-trigger, 
or use an 
address latch with a Schmitt-trigger 
strobe input. 


2. 
Capacitive 
loading on Ports 0 and 2 may cause the HIGH level output voltage on ALE and PSEN to momentarily 
fall 
below the 0.9% of VDD specification 
when the address bits are stabilizing. 


3. 
Circuits with Power-on reset option 'OFF' are tested at VDDmin= 1.8 V; with the 'ON' option (typically 1.3 V) they are 
tested at VDDmin= 2.3 V. 


4. 
The operating supply current is measured with all output pins disconnected; 
XTAL 1 driven with t, = tf =10 ns; 


VIL = Vss; V1H= VDD; XTAL2 not connected; 
EA = RST = Port 0 = VDD. 


5. 
The Idle mode supply current is measured with all output pins disconnected; 
XTAL 1 driven with t, = tf = 10 ns; 


VIL = Vss; VIH = VDD; XTAL2 not connected; 
EA = Port 0 = VDD. 


6. 
The Power-down 
current is measured with all output pins disconnected; 
XTAL 1 not connected; 
EA = Port 0 = VDD; 
RST= 
Vss. 


7. 
The input threshold 
voltage of P1.6/SCL and P1.7/SDA meet the 12C-bus specification. 
Therefore, 
an input voltage 
below 0.3VDD will be recognized 
as a logic 0 and an input voltage above 0.7VDD will be recognized 
as a logic 1. 
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Fig.24 
P83CL781: 
typical operating 
current as a 


function offrequency 
and Voo, Tamb = 25 DC, 


oscillator option Osc.3. 
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Fig.25 
P83CL781: typical Idle current as a function 
of frequency 
and Voo, Tamb = 25 DC, 


oscillator option Osc.3. 
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Fig.26 
P83CL782: typical operating 
current as a 


function offrequency 
and Voo, Tamb = 25 DC, 
oscillator option Osc.3. 


Fig.27 
P83CL782: typical Idle current as a function 
of frequency 
and Voo, Tamb = 25 DC, 


oscillator option Osc.3. 
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Fig.28 
Typical Power-down 
current as 
a function of VDD, Tamb = 25°C. 
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10 
AC CHARACTERISTICS 


The following AC characteristics 
apply to both the P83CL781 and P83CL782 
unless otherwise stated. 


10.1 
Program memory 


Voo = 5 V; Vss = 0 V; Tamb= -40 to +85 °C for the P83CL781 and -25 to +55 °C for the P83CL782; 
CL = 50 pF for 


Port 0, ALE and PSEN; CL = 80 pF for all other outputs unless specified. 
See Fig.31. 


fose = 12 MHz 
fose = VARIABLE 


SYMBOL 
PARAMETER 
UNIT 
MIN. 
MAX. 
MIN. 
MAX. 


tLL 
ALE pulse duration 
127 
- 
2tCK - 40 
- 
ns 


tAL 
Address set-up time to ALE 
43 
- 
tCK- 40 
- 
ns 


tLA 
Address hold time after ALE 
48 
- 
tCK - 35 
- 
ns 


tuv 
Time from ALE to valid instruction 
input 
- 
233 
- 
4tCK-100 
ns 


tLC 
Time from ALE to control pulse PSEN 
58 
- 
tCK - 25 
- 
ns 


tcc 
Control pulse duration PSEN 
215 
- 
3tCK - 35 
- 
ns 


tCIV 
Time from PSEN to valid instruction input 
- 
125 
- 
3tCK -125 
ns 


tCI 
Input instruction 
hold time after PSEN 
0 
- 
0 
- 
ns 


tCIF 
Input instruction float delay after PSEN 
- 
63 
- 
teK - 20 
ns 


tAC 
Address valid after PSEN 
75 
- 
tCK- 8 
- 
ns 


tAIV 
Address to valid instruction 
input 
- 
302 
- 
5tCK-115 
ns 


tAFC 
Address float delay after PSEN 
12 
- 
0 
- 
ns 


10.2 
External data memory 


Voo = 5 V; Vss = 0 V; Tamb = -40 to +85 °C for P83CL781 and -25 to +55 °C for the P83CL782; 
CL = 50 pF for Port 0, 
ALE and PSEN; CL = 40 pF for all other outputs unless specified. 
See note 1 and Figs 32 and 33. 


fose = 12 MHz 
fose = VARIABLE 
SYMBOL 
PARAMETER 
UNIT 


MIN. 
MAX. 
MIN. 
MAX. 


tRR 
RD pulse duration 
400 
- 
6tCK-100 
- 
ns 


tww 
WR pulse duration 
400 
- 
6tCK-100 
- 
ns 


tLA 
Address hold time after ALE 
48 
- 
tCK- 35 
- 
ns 


tRO 
RD to valid data input 
- 
150 
- 
5tCK -165 
ns 


tOFR 
Data float delay after RD 
- 
97 
- 
2tCK -70 
ns 


tLD 
Time from ALE to valid data input 
- 
517 
- 
8tCK -150 
ns 


tAO 
Address to valid data input 
- 
585 
- 
9tCK -165 
ns 


tLW 
Time from ALE to RD or WR 
200 
300 
3tCK- 50 
3tCK + 50 
ns 


tAW 
Time from address to RD or WR 
203 
- 
4 
- 
ns 


tWHLH 
Time from RD or WR HIGH to ALE HIGH 
43 
123 
tCK-40 
IcK + 40 
ns 


towx 
Data valid to WR transition 
23 
- 
tCK- 60 
- 
ns 


tow 
Data set-up time before WR 
433 
- 
7lcK -150 
- 
ns 


two 
Data hold time after WR 
33 
- 
tCK - 50 
- 
ns 


tAFR 
Address float delay after RD 
- 
12 
- 
12 
ns 


Note 


1. 
Interfacing the P83CL781 or the P83CL782 to devices with float times up to 75 ns is permitted. This limited bus 
contention 
will not cause damage to Port 0 drivers. 
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CMOS single-chip 
a-bit microcontroller 


with on-chip 
EEPROM 


DESCRIPTION 
The Philips 80C851/83C851 
is a 
high-performance 
microcontroller fabricated 
with Philips high-density CMOS technology. 
The 80C851/83C851 
has the same 
instruction set as the 80C51. The Philips 
CMOS technology combines the high speed 
and density characteristics of HMOS with the 
low power attributes of CMOS. The Philips 
epitaxial substrate minimizes latch-up 
sensitivity. 


The 80C851/83C851 contains a 4k X 8 ROM 
with mask-programmable 
ROM code 


protection, a 128 X 8 RAM, 256 X 8 
EEPROM, 32 I/O lines, two 16-bit 
counter/timers, a seven-source, five vector, 
two-priority level nested interrupt 
structure, 
a serial I/O port for either multi-processor 
communications, 
I/O expansion or full duplex 
UART, and on-chip oscillator and clock 
circuits. 


In addition, the 80C851/83C851 
has two 
software selectable modes of power 
reduction - 
idle mode and power-down 
mode. The idle mode freezes the CPU while 
allowing the RAM, timers, serial port, and 
interrupt system to continue functioning. The 
power-down mode saves the RAM and 
EEPROM contents but freezes the oscillator, 
causing all other chip functions to be 
inoperative. 


• 80C51 based architecture 


- 
4kX8 
ROM 


- 
128X8RAM 


- Two 16-bit counterltimers 


- 
Full duplex serial channel 


- 
Boolean processor 


• Non-volatile 256 X 8-bit EEPROM 
(electrically erasable programmable read 
only memory) 


- 
On-chip voltage multiplier for eraselwrite 


- 
50,000 erase/write cycles per byte 


- 
10 years non-volatile data retention 


- 
Infinite number of read cycles 


- 
User selectable security mode 


- 
Block erase capability 


• Mask-programmable 
ROM code protection 


• Memory addressing capability 


- 
64k ROM and 64k RAM 


• Power control modes: 


- 
Idle mode 


- 
Power-down mode 


• CMOS and TIL compatible 


• 1.2 to 16MHz 


• Three package styles 


• Three temperature ranges 


• ROM code protection 


P2.7/A15 


P2.61A14 


P2.21A10 


P2.1/A9 


CMOS single-chip 
8-bit microcontroller 
with on-chip 
EEPROM 


PHILIPS 
PART ORDER NUMBER 
NORTH AMERICA PHILIPS 
PART MARKING 
PART ORDER NUMBER 


ROM less 
ROM Version 
ROM less 
ROM Version 
TEMPERATURE 
RANGE 
0C 
FREQ. 
DRAWING 
Version 
Version 
AND PACKAGE 
(MHz) 
NUMBER 


P80C851 FBP 
P83C851 FBP 
S80C851-4N40 
S83C851-4N40 
o to +70, Plastic Dual In-line Package 
1.2to 16 
SOT129·1 


P80C851 FBA 
P83C851 FBA 
S80C851-4A44 
S83C851-4A44 
o to +70, Plastic Leaded Chip Carrier 
1.2 to 16 
SOT187·1 


P80C851 FBB 
P83C851 FBB 
S80C851-4B44 
S83C851-4B44 
o to +70, Plastic Quad Flat Pack 
1.2 to 16 
SOT307-21 


P80C851 FFP 
P83C851 FFP 
S80C851-5N40 
S83C851-5N40 
-40 to +85, Plastic Dual In-line Package 
1.2 to 16 
SOT129·1 


P80C851 FFA 
P83C851 FFA 
S80C851-5A44 
S83C851·5A44 
-40 to +85, Plastic Leaded Chip Carrier 
1.2 to 16 
SOT187·1 


P80C851 FFB 
P83C851 FFB 
S80C851-5B44 
S83C851-5B44 
-40 to +85, Plastic Quad Flat Pack 
1.2to 16 
SOT307-21 


P80C851 FHP 
P83C851 FHP 
S80C851-6N40 
S83C851-6N40 
-40 to +125, Plastic Dual In-line Package 
1.2to 16 
SOT129-1 


P80C851 FHA 
P83C851 FHA 
S80C851-6A44 
S83C851-6A44 
-40 to +125, Plastic Leaded Chip Carrier 
1.2to 16 
SOT187-1 


P80C851 FHB 
P83C851 FHB 
S80C851-6B44 
S83C851-6B44 
-40 to +125, Plastic Quad Flat Pack 
1.2to 16 
SOT307-21 


FREQUENCY 
REFERENCE 
,----'-------, 


XTAL2 
XTAL1 


COUNTERS 
,----'-------, 


TO 
T1 
I-- 


I 


1 


1 


1 
I 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 
I 
I 
I 


1 


1 


1 


1 
I 
L 


----------1 


1 


1 


1 
I 


1 


J 
I 
I 
I 
I 
I 
I 
I 
I 


1 


1 


1 


1 


1 
I 
I 


1 


1 


------- 
1 


PROGRAM 
MEMORY 
(4Kx8 
ROM) 


DATA 
MEMORY 
(128 x 8 RAM) 


Jm1l 
Im1' 
L-,-----J 


EXTERNAL 
INTERRUPTS 
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PLASTIC 
LEADED 
CHIP 
CARRIER 
PIN FUNCTIONS 
PLASTIC 
QUAD FLAT PACK 
PIN FUNCTIONS 


17 
29 
11 
23 


18 
28 
12 
22 


Pin 
Functfon 
PIn 
Function 
Pin 
FunctIon 
PIn 
Function 


1 
NC' 
23 
NC' 
1 
Pt.5 
23 
P2.51A13 
2 
Pl.D 
24 
P2.OIAB 
2 
Pl.6 
24 
P2.61A14 
3 
Plot 
25 
P2.lIA9 
3 
Pt.? 
25 
P2.7/A15 


4 
Pl.2 
26 
P2.21AtO 
4 
RST 
26 
PSrn 


5 
Pl.3 
27 
P2.31Al1 
5 
P3.OIRxD 
27 
ALE 


6 
Pl.4 
28 
P2.41A12 
6 
NC' 
28 
NC' 


7 
Pl.5 
29 
P2.5/A13 
7 
P3.1rrxD 
29 
g; 


8 
Pl.6 
30 
P2.61A14 
8 
P3.2J!m1j 
30 
PO.l/AD? 


9 
Pt,? 
31 
P2.7/A15 
9 
P3.3ITI<Tf 
31 
PO.BlAD6 
10 
RST 
32 
PSrn 
10 
P3.4fT0 
32 
PO.5/AD5 
11 
P3.OIRxO 
33 
ALE 
11 
P3.5ITI 
33 
PO.41AD4 
12 
NC' 
34 
NC' 
12 
P3.6IWR 
34 
PO.31AD3 
13 
P3.1/TxD 
35 
g; 
13 
P3.1Rll 
35 
PO.2/AD2 


14 
P3.2J!m1j 
36 
PO.l/AD? 
14 
XTAl2 
36 
PO.l/AD1 


15 
P3.3ITI<Tf 
37 
PO.61AD6 
15 
XTAL1 
37 
PO.OIAOO 
16 
P3.4n"O 
38 
PO.51ADS 
'6 
Vss 
38 
Voo 


17 
P3.5IT1 
39 
PO.41AD4 
17 
NC' 
39 
Vss 
18 
P3.6IWR 
40 
PO.31AD3 
18 
P2.OIAB 
40 
Pl.D 
19 
P3.7/Rll 
41 
PO.21AD2 
19 
P2.1/A9 
41 
P1.1 


20 
XTAL2 
42 
PO.l/AD1 
20 
P2.21Al0 
42 
Pl.2 


21 
XTALt 
43 
PO.Q/AOO 
21 
P2.31Al1 
43 
Pt.3 
22 
Vss 
44 
Voo 
22 
P2.41A12 
44 
Pl.4 


• DO NOT CONNECT 
• DO NOT CONNECT 
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PIN NO. 


MNEMONIC 
DIP 
LCC 
QFP 
TYPE 
NAME AND FUNCTION 


Vss 
20 
22 
16,39 
I 
Ground: 
OV reference. 


Voo 
40 
44 
38 
I 
Power Supply: 
This is the power supply voltage for normal, idle, and power-down 
operation. 


PO.O-O.7 
39-32 
43-36 
37-30 
1/0 
Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1s written to 
them float and can be used as high-impedance 
inputs. Port 0 is also the multiplexed 


low-order address and data bus during accesses to external program and data memory. 
In this application, it uses strong internal pull-ups when emitting 1s. 


Pl.o-Pl.7 
1-8 
2-9 
4Q-44, 
1/0 
Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 1 pins that have 
1-3 
1s written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 1 pins that are externally pulled low will source current because of the 
internal pull-ups. (See DC Electrical Characteristics: 
IILl. 


P2.o-P2.7 
21-28 
24-31 
18-25 
1/0 
Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 
1s written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 2 pins that are externally being pulled low will source current because of the 
internal pull-ups. (See DC Electrical Characteristics: 
IILl. Port 2 emits the high-order 
address byte during fetches from external program memory and during accesses to 
external data memory that use 16-bit addresses (MOVX @DPTR). In this application, it 
uses strong internal pull-ups when emitting 1s. During accesses to external data memory 
that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function 
register. 


P3.o-P3.7 
10-17 
11, 
5, 
1/0 
Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 


13-19 
7-13 
1s written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 3 pins that are externally being pulled low will source current because of the 
pull-ups. (See DC Electrical Characteristics: 
IILl. Port 3 also serves the special features 
of the SC80C51 family, as listed below: 
10 
11 
5 
I 
RxD (P3.0): Serial input port 


11 
13 
7 
0 
TxD (P3.1): Serial output port 


12 
14 
8 
I 
Jm'O (P3.2): External interrupt 


13 
15 
9 
I 
mTl (P3.3): External interrupt 
14 
16 
10 
I 
TO (P3.4): Timer 0 external input 


15 
17 
11 
I 
T1 (P3.S): Tirner 1 external input 


16 
18 
12 
0 
WR (P3.6): External data memory write strobe 


17 
19 
13 
0 
RO (P3.7): External data memory read strobe 


RST 
9 
10 
4 
I 
Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to V55 permits a power-on reset using only an 
external capacitor to Voo. 


ALE 
30 
33 
27 
1/0 
Address 
Latch Enable: Output pulse for latching the low byte of the address during an 


access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 
the oscillator frequency, and can be used for external timing or clocking. Note that one 
ALE pulse is skipped during each access to external data memory. 


T'SE'J 
29 
32 
26 
0 
Program 
Store Enable: The read strobe to external pp~Nm 
memory. When the device 


is executing code from the external program memory, 
is activated twice each 


machine cycle, except that two T'SE'J activations are skipped during each access to 
external data memory. T'SE'J is not activated during fetches from internal program 
memory. 


Eli: 
31 
35 
29 
I 
External 
Access 
Enable: "during 
a RESET, Eli: is held at TIL, 
level HIGH, the CPU 
executes out of the internal program memory ROM provided the Program Counter is less 
than 4096. "during 
a RESET, Eli: is held a TIL LOW level, the CPU executes out of 
external program memory. Eli: is not allowed to float. 


XTALl 
19 
21 
15 
I 
Crystal 
1: Input to the inverting oscillator amplifier and input to the internal clock 


generator circuits. 


XTAL2 
18 
20 
14 
a 
Crystal 
2: Output frorn the inverting oscillator amplifier. 
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Table 1. 
8XC851 Special Function Registers 


SYMBOL 
DESCRIPTION 
DIRECT 
BIT ADDRESS, SYMBOL, OR ALTERNATIVE 
PORT FUNCTION 
RESET 


ADDRESS 
MSB 
LSB 
VALUE 


ACC' 
Accumulator 
EOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
DOH 


B' 
B register 
FOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
DOH 


EF 
EE 
ED 
EC 
EB 
EA 
E9 
E8 


DPTR: 
Data pointer 
(2 bytes): 


DPH 
High byte 
83H 
DOH 
DPL 
Low byte 
82H 
DOH 


EADRH# 
EEPROMaddr 
F3H 
80H 
reg-high 


EADRL# 
EEPROMaddr 
F2H 
DOH 
reg-low 


ECNTRL# 
EEPROM control reg 
F6H 
IFE 
ECNTR 
DOH 
LO 


EDAT# 
EEPROM data 
F4H 
xxH 
register 


ETIM# 
EEPROM timer 
F5H 
08H 
register 


BF 
B8 


IP' 
Interrupt priority 
B8H 
PXO 
xxxOOOOOB 


AF 
A8 


IE' 
Interrupt enable 
A8H 
EA 
EXO 
OxxOOOOOB 


PO' 
Port 0 
80H 
87 
86 
85 
83 
80 
FFH 


P1' 
Port 1 
90H 
97 
96 
95 
93 
90 
FFH 


P2' 
Port 2 
AOH 
A7 
A6 
A5 
A3 
AD 
FFH 


P3' 
Port 3 
BOH 
B7 
BO 
FFH 


PCON 
Power control 
87H 
SMOD 
IDL 
OxxxOOOOB 


D7 
DO 


PSW' 
Program status word 
DOH 
CY 
P 
DOH 


SBUF 
Serial data buffer 
99H 
xxxxxxxxB 


9F 
98 
SCON* 
Serial port control 
98H 
SMO 
RI 
DOH 
SP 
Stack pointer 
81H 
07H 


8F 
88 
DOH 
TCON* 
Timer/counter con- 
88H 
TF1 
ITO 
DOH 
troi 


TMOD 
Timer/counter mode 
89H 
GATE 
MO 
DOH 
THO 
Timer 0 high byte 
8CH 
DOH 
TH1 
Timer 1 high byte 
8DH 
DOH 
TLO 
Timer 0 low byte 
8AH 
DOH 
TL1 
Timer 1 low byte 
8SH 
OOH 
, 
SFRs are bit addressable. 


# 
SFRs are modified from or added to the 80C51 SFRs. 
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EEPROM 
Communications 
between the CPU and the 


EEPROM is accomplished via 5 special 
function registers; 2 address registers (high 
and low byte), 1 data register for read and 
write operations, 1 control register, and 1 
timer register to adapt the erase/write time to 
the clock frequency. All registers can be read 
and written, Figure 1 shows a block diagram 
of the CPU, the EEPROM and the interface, 


Register and Functional 
Description 


Address 
Register 
(EADRH, EADRL) 
The lower byte contains the address of one 
of the 256 bytes. The higher byte (EADRH) is 
for future extensions and for addressing the 
security bits (see Security Facilities). The 


EADRH register address is F3H. The EADRL 
register address is F2H. 


Data Register (EDAT) 
This register is required for read and write 
operations and also for rowlblock erase. In 
write mode, its contents are written to the 
addressed byte (for "row erase" and "block 
erase" the contents are don't care). The write 
pulse starts all operations, except read. In 
read mode, EDAT contains the data of the 
addressed byte. The EDAT register address 
is F4H. 


Timer Register 
(ETIM) 


The timer register is required to adapt the 
erase/write time to the oscillator frequency. 
The user has to ensure that the erase or 
write (program) time is neither too short or 
too long. 


VALUES FOR ETIM 


fXTAL1 
2ms WRITE TIME 
10ms WRITE TIME 


HEX 
DEe 
HEX 
DEC 


1.0MHz 
- 
- 
08 
8 


2.0MHz 
02 
2 
13 
19 


3.0MHz 
04 
4 
1D 
29 


4.0MHz 
06 
6 
28 
40 


5.0MHz 
08 
8 
32 
50 


6.0MHz 
OA 
10 
3C 
60 


7.0MHz 
OC 
12 
47 
71 


8.0MHz 
OE 
14 
51 
81 


9.0MHz 
10 
16 
5C 
92 


10.0MHz 
12 
18 
66 
102 
11.0MHz 
14 
20 
71 
113 


12.0MHz 
16 
22 
76 
123 


13.0MHz 
18 
24 


14.0MHz 
1A 
26 
15.0MHz 
1C 
28 
16.0MHz 
1E 
30 


The ETIM register address is F5H. Table 2 
contains the values which must be written to 
the ETIM register by software for various 
oscillator frequencies (the default value is 
08H after RESET). 


The general formula is: 


2ms Write time: 


Value (decimal, 
to be rounded up) 
fXTAL1[kHz] 
512 
- 2 


fXTALl [kHz] 
96 
- 2 


Control 
Register 
(ECNTRL) 


See Figure 2 for a description of this register. 
The ECNTRL register address is F6H. 
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ECNTRL.4 
ECCTRL.3- 
ECNTRL.O 


Function 
Active high EEPROM interrupt flag: set by the sequencer or by software; 
reset by software. 
When set and enabled, this flag forces an interrupt to the same vector as the 
serial port interrupt (see Interrupt section). 
EEPROM interrupt enable: set and reset by software (active high). 
Erase/write in progress flag: set and reset by the sequencer (active high). 
When EWP is set, access to the EEPROM is not possible. EWP cannot be set or 
reset by software. 
Reserved. 
See table below. 


Operation 
ECNTRL.3 
ECNTRL.2 
ECNTRL.1 
ECNTRL.O 


Byte mode 
0 
0 
0 
0 
Row erase 
1 
1 
0 
0 
Page write' 
- 
- 
- 
- 
Page eraselwrite' 
- 
- 
- 
- 


block erase 
1 
0 
1 
0 


Page write: 


Page erase/write: 


Block erase: 


Normal EEPROM mode, default mode after reset. In this mode, data can be read and 
written to one byte at a time. 


This is the default mode when byte mode is selected. This means that the contents of the 
addressed byte are available in the data register. 


This mode is activated by writing to the data register. The address register must be loaded 
first. Since the old contents are read first (by default), this allows the sequencer to decide 
whether an erase/write or write cycle only (data = OOH)is required. 


In this mode, the addressed row is cleared. The three LSBs of EADRL are not significant, 
I.e. the 8 bytes addressed by EADRL are cleared in the same time normally needed to clear 
one byte (tROWERASE= tE = tw). For the following write modes, only the write and not the 
eraselwrite cycle is required. For example, using the row erase mode, programming 8 bytes 
takes tTOTOAL= tE + 8 x tw compared to tTOTAL= 8 x tE + 8 x tw (tE = tERASE. tw = tWRITE). 
For future products. 


For future products. 


In this mode all 256 bytes are cleared. The byte containing the security bits is also cleared. 
tSLOCKERASE= tE· The contents of EADRH, EADRL and EDAT are insignificant. 


Program 
Sequences 
and Register 
Contents 
after Reset 


The contents of the EEPROM registers after a Reset are the default values: 
EADRH 
= 1xxxxxxxB 
(security bit address) 


EADRL 
= OOH 
(security bit address) 
ETIM 
= 08H 
(minimum erase time with the lowest permissible oscillator frequency) 
ECNTRL 
= OOH 
(Byte mode, read) 


EDAT 
= xxH 
(security bit) 


Initialize: 
MOV ETIM, . 
MOV EADRH,,, 


Read: 
MOV EADRL, " 
MOV '" EDAT 


Write: 
MOV EADRL, " 
MOVEDAT, " 


Erase row: 
MOV EADRL, " 
Row address. 3LSBs don't care 


MOV ECNTRL, #OCH 
Erase row mode 


MOV EDAT, " 
(EDAT) don't care 


Erase block: MOV ECNTRL, OAH 
Erase block mode 


MOV EDAT, " 
(EDAT) don't care 


If the security bit is to be altered, the program generally starts as follows: 


MOV EADRH, #80H 
MOV EADRL, #OOH 
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EEPROM Protection 
The EEPROM is protected using four security 
bits which are contained in an extra 
EEPROM byte at address 8000H 
(EADRHlEADRL). 
They can be set or cleared 
by software. To activate the EEPROM 
protection, the program sequence in byte 
mode must be as follows: 


MOV 
EADRH, #80H 


MOV 
EADRL, #OOH 
MOV 
EDAT, #FFH 


If two or more of these bits are reset, S8 ; 0, 
the security mode is disabled and the 
EEPROM is not protected. If three or four bits 
are set, S8 ; 1 and the EA mode differs from 
the internal access mode. 


In this case, access to the EEPROM is only 
possible in one mode regardless of how the 
external access mode is reached (by pulling 


the EA pin low or by passing the 4K 
boundary). For 58 ; 1 and "extemal access" 
only, the "block erase" mode is enabled. The 
program sequence has to be as follows: 


MOV 
EADRH, #SOH (security byte address) 
MOV 
EADRL, #OOH (security byte address) 
MOV 
ECNTRL, #OAH (block erase mode) 
MOV 
EDAT, #xxH 
(start block erase) 


All 256 data bytes, the security bits, and S8 
will be cleared after completing this mode 
(EWP ; 0). S8 will also be affected in byte 
mode when writing to the security byte (not 
for S8 ; 1 and "external access"). Figure 3 
illustrates the access to 58. 
ROM Code Protection 
Since the external access mode can only be 
selected by pulling the EA pin low during 
reset, it is not possible to read the internal 
program memory using the MOVC instruction 
while executing external program memory. 
Furthermore, it is not possible to change this 


mode to intemal access within the MOVC 
cycle. 


Additionally, a mask-programmable 
ROM 


code protection facility is available. When the 
program memory passes the 4K boundary 
using both the intemal and extemal ROMs, it 
is not possible to access the intemal ROM 
from the extemal program memory if the 
mask-programmable 
ROM security bit is set. 


An access to the lower 4K bytes of program 
memory using the MOVC instruction is only 
possible while executing internal program 
memory. 


Also the verification mode (test-mode which 
writes the ROM contents to a port for 
comparison with a reference code) is not 
implemented for security reasons. A different 
test-mode is implemented for test purposes. 
This mode allows every bit to be tested. 
However, the internal code cannot be 
accessed via a port. 


REGISTERS 
EADRH 
AND 
EADRL 
CONTAIN 
THE 
ADDRESS 
OF THE 
SECURITY BYTE 
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OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 3-1251. 


To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the 
ex1ernal clock signal, because the input to 
the internal clock circuitry is through a 
divide-by-two flip-flop. However, minimum 
and maximum high and low times specified in 
the data sheet must be observed. 


RESET 
A reset is accomplished 
by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on Voo and RST must 
come up at the same time for a proper 
start-up. 


Note: Before entering the idle or power-down 
modes, the user has to ensure that there is 
no EEPROM erase/write cycle in progress 


(I.e., the EWP bit has to be reset before 
activating the idle or power-down modes; 
otherwise EEPROM accesses will be 
aborted). 


IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle 
mode can be terminated either by any 
enabled interrupt (at which time the process 
is picked up at the interrupt service routine 
and continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN 
MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM and 
EEPROM are preserved. A hardware reset is 
the only way to terminate the power ..down 
mode. The control bits for the reduc'ld power 
modes are in the special function re!lister 
PCON. Table 3 shows the state of the I/O 
ports during low current operating modes. 


INTERRUPT 
SYSTEM 
Ex1ernal events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority-Ievel, 
nested interrupt system is 


provided. Interrupt response latency is from 


3~ 
to 71's when using a 12MHz crystal. The 


S83C851 ilcknowledges 
interrupt requests 
from 7 sources as follows: 
- TfiIT1jand Tfrrl: 
ex1emally via pins 12 and 


13, respectively, 


- Timer 0 and timer 1: from the two intemal 


counters, 


- Serial port: from the internal serial I/O port 
or EEPROM (1 vector). 


Each interrupt vectors to a separate location 
in program memory for its service program. 
Each source can be individually enabled (the 
EEPROM interrupt can only be enabled when 
the serial port interrupt is enabled) or 
disabled and can be programmed to a high or 
low priority level. All enabled sources can 
also be globally disabled or enabled. Both 
external interrupts can be programmed to be 
level-activated and are active low to allow 
"wire-ORing" of several interrupt sources to 
one input pin. 


Note: The serial port and EEPROM interrupt 
flags must be cleared by software; all other 
flags are cleared by hardware. 


MODE 
PROGRAM MEMORY 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power-down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power-down 
Ex1ernal 
0 
0 
Float 
Data 
Data 
Data 


PARAMETER 
RATING 
UNIT 


Storage temperature range 
-65 to +150 
°c 


Voltage on any other pin to V55 
-0.5 to +6.5 
V 


Input or output DC current on any single I/O pin 
±5 
mA 


Power dissipation (based on package heat transfer limitations, not device power consumption) 
1.0 
W 


NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics 
section 
of this specification is not implied. 


2. 
This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


3. 
Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to V55 unless otherwise 
noted. 
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DC ELECTRICAL 
CHARACTERISTICS 


Tamb= OOCto +70°C (VOO= 5V ±10%), --40oC to +B5°C (Voo = 5V ±10%), or--40oC to +125°C (Voo = 5V ±10%), Vss = OV 


PART 
TEST 
LIMITS 


SYMBOL 
PARAMETER 
TYPE 
CONDITIONS 
MIN 
MAX 
UNIT 


Vil 
Input low voltage, except Eli: 
o to +70·C 
--{).5 
0.2Voo--{)·1 
V 


--40 to +B5·C 
--{).5 
0.2Voo--{)·15 
V 


-40 to +125·C 
--{).5 
0.2Voo--{)·25 
V 


VIL1 
Input low voltage to Eli: 
o to +70·C 
--{).5 
0.2Voo--{)·3 
V 


--40 to +B5·C 
--{).5 
0.2Voo--{)·35 
V 


--40 to +125·C 
--{).5 
0.2Voo--{)·45 
V 


VIH 
Input high voltage, except XTAL 1, RST 
o to +70·C 
0.2Voo+0.9 
Voo+0.5 
V 


-40 to +B5·C 
0.2Voo+1.0 
Voo+0.5 
V 


--40 to +125·C 
0.2Voo+1.0 
Voo+0.5 
V 


VIH1 
Input high voltage, XTAL 1, RST 
o to +70·C 
O·7Voo 
Voo+0.5 


-40 to +B5·C 
0.7Voo+0.1 
Voo+0.5 


-40 to +125·C 
0.7Vo+0.1 
Voo+0.5 


VOL 
Output low voltage, ports 1, 2, 3 6 
IOl= 
1.6mA4 
0.45 
V 


VOL1 
Output low voltage, port 0, ALE, PSElII6 
tOl = 3.2mA4 
0.45 
V 


VOH 
Output high voltage, ports 1,2,3, 
ALE, PSElII 
IOH=-6°IJ.A, 
2.4 
V 


IOH=-25IJ.A, 
0.75Voo 
V 
IOH= -1 OIJ.A 
0.9Voo 
V 


VOH1 
Output high voltage, port 0 in external bus 
IOH= -6001J.A, 
2.4 
V 


modes 
IOH= --3001J.A, 
0.75Voo 
V 
IOH= -B0IJ.A 
0.9Voo 
V 


III 
Logical 0 input current, ports 1, 2, 3 
o to +70·C 
VIN = 0.45V 
-50 
IJ.A 


-40 to +B5·C 
-75 
IJ.A 


--40 to +125·C 
-75 
IJ.A 


ITl 
Logical 1-to-0 transition current, ports 1, 2, 3 
o to +70·C 
VIN=2.0V 
-650 
IJ.A 


--40 to +B5·C 
-750 
IJ.A 


--40 to +125·C 
-750 
IJ.A 


1L1 
Input leakage current, port 0, Eli: 
0.45V<Vi<VOO 
±10 
IJ.A 


100 
Power supply current: 
See note 7 
Active mode @ 16MHz 1 
19 
mA 


Idle mode @ 16MHz 2 
3.7 
mA 
Power down mode 3 
50 
IJ.A 


RRST 
Internal reset pUll-down resistor 
50 
150 
kl1 


CIO 
Pin capacitance 
f= 1MHz 
10 
pF 
NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with tr = tf = 5ns; Vil = Vss +0.5V; 
VIH = Voo - 0.5V; XTAL2 not connected; Eli: = RST = Port 0 = Voo. 
2. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with tr = tf = 5ns; Vil = Vss +0.5V; 


VIH = Voo - 0.5V; XTAL2 not connected; Eli: = Port 0 = Voo; RST = Vss. 


3. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Eli: = Port 0 = Voo; RST = XTAL 1 = Vss. 
4. 
Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level output voltage of ALE, Port 
1 and Port 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make a 1-to-0 
transition during bus operations. In the worst cases (capacitive loading> 
100pF), the noise pulse on the ALE line may exceed O.BV.In such 


cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


5. 
Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSElII to momentarily fall below the 0.9Voo 
specification when the address bits are stabilizing. 


6. 
Under steady state (non-transient) conditions, IOl must be extemally limited as follows: 
Maximum IOl per Port pin: 
10mA 


Maximum IOl per B-bit port - 
Porto: 
26mA 
Ports 1, 2, and 3: 
15mA 


Maximum total IOl for all output pins: 
71mA. 
II IOl exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 


7. 
See Figures 11 through 14 for 100test conditions. 
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16MHzCLOCK 
VARIABLE 
CLOCK 


SYMBOL 
FIGURE 
PARAMETER 
MIN 
MAX 
MIN 
MAX 
UNIT 


1ltcLCL 
4 
Oscillator frequency 
1.2 
16 
MHz 


It.HLL 
4 
ALE pulse width 
85 
2tcLCL-40 
ns 


tAVLL 
4 
Address valid to ALE low 
8 
lcLCL-55 
ns 


tLLAX 
4 
Address hold after ALE low 
28 
tCLCL-35 
ns 


It.L1V 
4 
ALE low to valid instruction in 
150 
4lcLCL 100 
ns 


It.LPL 
4 
ALE low to I5SEIiIlow 
, 
23 
lcLCL-40 
ns 


tPLPH 
4 
I'SEIiI pulse width 
143 
3lcLCL-45 
ns 


tPLIV 
4 
I5SEIiIlow to valid instruction in 
83 
3lcLCL-105 
ns 


tpXIX 
4 
Input instruction hold after I'SEIiI 
0 
0 
ns 


tpXIZ 
4 
Input instruction float after I'SEIiI 
, 
38 
lcLCL-25 
ns 


tAVIV 
4 
Address to valid instruction in 
208 
5lcLCL-105 
ns 


tpLAZ 
4 
I5SEIiIlow to address float 
10 
10 
ns 


Data Memory 


tRLRH 
5,6 
AU pulse width 
275 
6lcLCL-100 
ns 


tWLWH 
5,6 
WR pulse width 
• 
275 
6tCLCL-100 
ns 


tRLDV 
5,6 
AU low to valid data in 
148 
5lcLCL-165 
ns 


tRHDX 
5,6 
Data hold after AU 
0 
0 
ns 


tRHDZ 
5,6 
Data float after AU 
55 
2tcLCL-70 
ns 


It.LDV 
5,6 
ALE low to valid data in 
350 
8lcLCL-150 
ns 


tAVDV 
5,6 
Address to valid data in 
398 
9lcLCL-165 
ns 


tLLWL 
5,6 
ALE low to AU or WR low 
138 
238 
3lcLCL-50 
3lcLCL+50 
ns 


tAW 
5,6 
Address to AU or WR 
120 
4tCLCL-130 
ns 


taw 
5,6 
Data setup time before WR 
288 
7lcLCL-150 
ns 


tavwx 
5,6 
Data valid to WR transition 
3 
lcLCL-60 
ns 


tWHQX 
5,6 
Data hold after WR 
13 
tCLCL-50 
ns 


tRLAZ 
5,6 
AU low to address float 
0 
0 
ns 


tWHLH 
5,6 
AU or WR high to ALE high 
23 
103 
tCLCL-40 
lcLCL+40 
ns 


External 
Clock 


lcHCX 
8 
High time 
20 
20 
ns 


lcLCX 
8 
Low time 
20 
20 
ns 


lcLCH 
8 
Rise time 
20 
20 
ns 


lcHCL 
8 
Fall time 
20 
20 
ns 
EraseJwrite timer constant3 


tEIW 
Erase/write cycle time 
4 
20 
4 
20 
ms 


tE 
Erase time 
2 
10 
2 
10 
ms 


tw 
Write time 
2 
10 
2 
10 
ms 


ts 
Data retention time4 
10 
10 
years 
NEIW 
Erase/write eyelesS 
50,000 
50,000 
cycles 
NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. 
Load capacitance for port 0, ALE, and I5SEIiI = 100pF, load capacitance for all other outputs = 80pF. 
3. The power-off fall-time of VDD must be less than 1ms to prevent an overwrite pulse from being generated in the EEPROM which can cause 
spurious parasitic writing to EEPROM cells. If the VDD power-off full-time is greater than 1ms, a power-off reset signal should be generated 
to prevent this condition from occurring. 
4. Test condition: Tamb= +55°C. 
5. 
Number of erase/write cycles for each EEPROM byte. 
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EXPLANATION 
OF THE 
ACSYMBOLS 
Each timing symbol has live characters. The 
first character is always 'f (= time). The other 
characters, depending on their positions, 
indicate the name 01a signal or the logical 
status 01that signal. The designations are: 
A - 
Address 


C- 
Clock 


o - 
Input data 
H - 
Logic level high 


I - 
Instruction (program memory contents) 


L - 
Logic level low, or ALE 
P - 
15'SEI'l 
a - Output data 
R - 
RUsignal 
t 
- 
Time 
V - 
Valid 
W- 
WRsignal 
X - 
No longer a valid logic level 
Z - 
Float 
Examples: 
tAvLL= Time lor address valid to 
ALE low. 
tLLPL= Time lor ALE low to 
15'SEI'l10w. 
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tavwx 


tow 


ONE 
MACHINE 
CYCLE 


1 
s31 
s41 
s51 
Pl 
P2 
Pl 
P2 
Pl 
P2 
Pl 


ONE 
MACHINE 
CYCLE 


I 
S3 
I 
S4 
I 
Pl 
P2 
Pl 
P2 
Pl 


EXTERNAL{POm 
PROGRAM 
MEMORY 
PORT 
2 
FETCH 
(EXTERNAL) 


PORT 
OLD 
DATA 
OUTPUT 
------- 
_ 


SERIAL 


PORT 


(SHIFT 
CLOCK) 
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Table 4. 
External Clock Drive XTAL 1 
Oscillator circuitry: The capacities connected to the crystal should be: C1 = C2 = tbf. 


VARIABLE CLOCK 


f = 1.2 -16MHz 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


leLCL 
Oscillator clock period 
63 
833 
ns 


!HIGH 
HIGH time 
20 
leLCL -!Low 
ns 


tLOW 
LOW time 
20 
leLCL -!HIGH 
ns 


t, 
Rise time 
- 
20 
ns 


tf 
Fall time 
- 
20 
ns 


lev 
Cycletime1 
0.75 
10 
ns 


NOTE: 
1. lev = 12 tCLCL. 


VD~·5 


O.45V 
tCHC 


ICLCH 


2. 


4V=X 
>C 


2.0V 


O.8V 


O.45V 
~- 


NOTE: 
AC inputs 
during 
testing 
are driven 
a12.4V 
for a logic ',' 
and 
O.45V 
for a logic '0'. 


TIming measurements are made at2.0V 
min for a logic '1' and C.BV for a logic '0'. 


TIMING 
REFERENCE 


POINTS 


NOTE: 


For timing 
purposes, 
a port is no longer 
floating 
when 
a 100mV 
change 
from 
load voltage 
occurs, 
and 
begins 
to float when 
a 100mV 
change 


from the loaded VOHNOL 
level occurs. loHflol 
~ ± 2OmA. 
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Figure 11. 
100 Test Condition, 
Active 
Mode 
All other pins are disconnected 


vo~.s 
- - -- 


O.5V 


(NC) 
XTAL2 


teLCL 
XTALl 


Figure 13. 
Clock Signal Waveform 
for 100 Tests 
in Active and Idle Modes 


tCLCH = teHCL = 5ns 


Figure 12. 
100 Test Condition, 
Idle Mode 


All other pins are disconnected 


Figure 14. 
100 Test Condition, 
Power Down Mode 


All other pins are disconnected. 


Voo = 2V to 5.5V 
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Section 4 
High Performance 16-bit 80C51 XA 
(eXtended Architecture) 


XA-G1 


XA-G2 


XA-G3 


XA-C3 


XA-S3 
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The Philips Semiconductors 
80C51XA (eXtended Architecture) 
family of 16-bit single-chip microcontrollers is powerful enough to 
easily handle the requirements of high performance embedded 
applications, yet inexpensive enough to compete in the market for 
high-volume, low-cost applications. 


The XA family provides an upwards migration path for 80C51 users 
who need higher performance or more than 64k of program memory. 
Existing 80C51 code can easily be translated to run on XA 
microcontrollers. 


The performance of the XA architecture has not been compromised 
because of its compatibility with the 80C51. This new architecture 
supports the comprehensive 
bit-oriented operations of the 80C51 
while incorporating support for multi-tasking operating systems and 
high-level languages such as C. The speed of the XA architecture, 
at 10 to 100 times that of the 80C51 , gives designers an easy path 
to truly high-performance 
embedded control. 


Philips Semiconductors will develop a full family of XA derivatives 
comparable to the existing 80C51 family. Although the XA 
derivatives will not maintain pin-for-pin compatibility with Philips' 
80C51 microcontrollers, 
the 1/0 structures will be similar. So, in 
many cases, system hardware designs may require only minor 
changes to upgrade to the higher performance XA. 


The 80C51 XA architecture supports: 
- 
Upward compatibility with the 80C51 architecture 


- 
16-bit CPU operation 


I 
I 
I 
I 
IL __ 


- 24 bit address range (16 megabytes) for both program and data 


memory 
- 
Eight 16-bit CPU registers, each capable of performing all 
arithmetic and logic operations 


- 
Both 8-bit and 16-bit operations 
- An enhanced instruction set that includes bit"intensive logic 


operations as well as fast 16 x 16 multiply and 32/16 divide 


- 
Multi-tasking and real-time operations systems that include up to 
32 vectored interrupts, up to 16 software traps, and banked 
program memory to support context switching 


- 
Low power operation, which is intrinsic to the XA architecture and 
will include power-down and idle modes. 


XA CPU ARCHITECTURE 
The XA core is partially pipelined and performs some CPU functions 
in parallel. For instance, instruction fetch and decode, and in some 
cases write back, are done in parallel with instruction execution. 
This partial pipelining gives very fast instruction execution at a very 
low cost. For instance, the instruction execution time for most 
register-to-register 
operations on the XA is 3 CPU clocks, or 


100 nanoseconds with a 30MHz clock. 


Figure 1 presents major functional blocks within the XA core. 
Specific functional blocks outside of the core will vary from 
derivative to derivative. 


ALU 
Data operations in the XA core are accomplished with a 16-bit ALU, 
providing both B-bit and 16-bit functions. Special circuitry is added to 
allow some 32-bit functions, such as shifts, and divides. 


Core Registers 
A number of registers comprise a part of the XA core. These 
registers perform special functions in the XA and are, in fact, 
accessed by programs as Special Function Registers (SFRs). 


The System Configuration Register (SCR) sets up basic operating 
modes for the XA. The Program Status Word (PSW) contains status 
flags based on the result of ALU operations. This register contains 
bits for the four register file banks, the interrupt mask bit, and other 
system flags. The Data Segment (OS), Extra Segment (ES), and 
Code Segment (CS) registers contain the segment numbers of 
active data and code memory segments. The Segment Select 
register (SSEL), contains bits that determine which segment register 
is used by each pointer register in the register file. The Power 
Control register (PCON) holds the bits that control the reduced 
power modes of the processor (see Power-Down and Idle Modes 
section). 


Instruction 
Fetch and Decode 


This block controls the fetching of instructions from the code 
memory and the decoding of instructions prior to execution. The XA 
normally attempts to fetch instructions from the code memory ahead 
of what is immediately needed by the execution unit. These 
pre-fetched instructions are stored in a seven byte queue contained 
in the fetch and decode unit. 


If the fetch unit can keep instructions in the queue, the execution 
unit will not have to wait for a fetch to occur when it is ready to begin 
execution of a new instruction. If a program branch is taken, the 
queue is flushed and instructions are fetched from the new location. 
This block also decides whether to attempt instruction fetches form 
on- or off-chip code memory. 


The instruction at the head of the queue is decoded into separate 
functional fields that tell the other CPU blocks what to do when the 
instruction is executed. These fields are stored in staging registers 
that hold the information until the next instruction begins executing. 


Execution 
Unit 


The execution unit controls many of the other CPU blocks during 
instruction execution. It routes addressing information, and sends 
read and write commands to the register file and memory control 
blocks. It also tells the fetch and decode unit when to branch, 
controls the stack, and insures that all of these operations are 
performed in the proper sequence. 


Interrupt 
Controller 
The interrupt controller receives interrupt requests from all of the 
sources on a particular XA derivative. It prioritizes these based on 
user-programmable 
registers containing a priority for each interrupt 


source. It then compares the priority of the highest pending interrupt 
(if any) to the interrupt mask bits from the PSW. If the interrupt has a 
higher priority than the currently running code, then the interrupt 
controller issues a request to the execution unit. 


The interrupt controller contains an extra register for processing 
software interrupts. Seven software interrupt request bits, each with 
an enable bit, can request interrupts entirely under program control. 
Software interrupts have fixed priority, which is always lower than 
hardware interrupt priorities. The primary purpose of software 
interrupts is to allow an interrupt service routine (ISR) to be broken 
into high and low priority portions and have control transferred 
between the 2 (or more) portions. 


Exception 
Controller 
The exception controller is similar to the interrupt controller, except 
that it processes CPU exceptions rather than hardware and software 
interrupt requests. Sources of exceptions are stack overflow, divide 
by zero, user execution of an RETI instruction; hardware breakpoint; 
trace mode; and non-maskable interrupt (NMI). 


Exceptions are processed with a fixed priority scheme. Generally 
they must be serviced immediately since they represent some 
important event or problem that must be dealt with before normal 
operation can resume. 


Interrupt 
and Exception 
Processing 


Interrupt and exception processing both make use of a vector table 
that resides in the low addresses of the code memory. Each 
interrupt and exception has a four byte entry in the vector table that 
includes the two byte starting address of the service routine and a 
new two byte PSW value to be used at the beginning of service 
routine. The starting address of a service routine must be within the 
first 64K of code memory. 


When the XA services an exception or interrupt, it first saves the 
Program Counter address on the stack, followed by the PSW 
contents. Next, the PC and the PSW are loaded with the starting 
address of the appropriate service routine and the new PSW 
contents, respectively, from the vector table. 


When the routine completes, it returns to the interrupted code upon 
execution of the RETI (Return From Interrupt) instruction. This 
instruction loads first the PSW and then the Program Counter from 
the stack, resuming operation at the point of interruption. If more 
than the PC and PSW are used by the service routine, it is up to that 
routine to save and restore those registers or other portions of the 
matching state, normally by using the stack. 


PROGRAMMABLE 
REGISTERS 


XA architecture and instruction encoding are optimized for 
register-based operations, although arithmetic and logical operations 
may be done directly on a data memory as well. Thus, the XA 
architecture avoids the bottleneck of having a single accumulator 
register. 


Register 
File 
The register file allows access to 8 words of data at anyone 
time, 


which are also addressable as 16 bytes. The bottom 4 word 
registers are "banked", that is, there are 4 groups of 4 registers, any 
one of which may occupy the bottom 4 words of the register file at 
anyone 
time. This feature may be used to minimize the time 
required for context switching in interrupt services, or to provide 
more register space for complicated algorithms. 


R3H 
R3l 
l- 


R2H 
R2l 
l- 


R1H 
R1l 


ROH 
ROl 


In addition, some instructions (32-bit shifts, multiplies, and divides) 
allow addressing pairs of word registers as double words. These 
pairs are always formed by adjacent word registers. 


The upper four words of the register file are not banked. The 
topmost word register acts as the stack pointer, while any other 
word register may be used as a general purpose pointer to data 
memory. 


The entire register file is bit addressable, that is, any bit in the 
register file (except the 3 unselected banks of the bottom 4 words) 
may be operated on by bit manipulation instructions. 


The XA instruction encoding allows for future expansion of the 
register file by the addition of 8 word registers. If implemented, these 
additional registers will be word data registers only and cannot be 
used as pointers or addressed as bytes. 


The overall XA register file structure provides a superset of the 
80C51 register structure. For details, refer to the section on 80C51 
compatibility. 


Special 
Function 
Registers 
Special Function Registers (SFRs) provide a means for the XA to 
access special purpose CPU registers, peripheral devices, and 1/0 
ports. Any SFR may be accessed by a program at any time without 
regard to any pointer or segment. An SFR address is always 
contained entirely within an instruction. 


512 BYTES 
t 


The total SFR space is 1K bytes in size. This is further divided into 
two 512 byte regions. The first is for accessing on-chip SFRs. The 
second allows for future expansion by providing a means to add 
off-chip 1/0 devices mapped into the XA as SFRs (Off-chip SFR 
access is not implemented on all XA derivatives). 


The first 64 bytes of on-chip SFR space are bit-addressable. 
So, any CPU or peripheral register that allows bit addressing will be 
allocated and addressed within that range. 


Stack 
The processor stack on any processor provides a means to store 
interrupt and subroutine return addresses, as well as temporary 
data. The XA includes 2 stack pointers, the System Stack Pointer 
(SSP) and the User Stack Pointer (USP), which correspond to 2 
different stacks: the system stack and the user stack. The system 
stack always resides in the first data memory segment, segment o. 
The user stack resides in the data memory segment identified by the 
current value of the data segment (DS) register. Executing code has 
access to only one of these stacks at a time. Since each stack 
resides in a single data memory segment, its maximum size is 
64K bytes. The purpose of the two stack pointers is discussed in the 
section on Task Management. 


As shown in Figure 4, the System Mode (SM) bit, R7, in the 
Program Status Word determines whether the processor is in 
system mode or user mode. 


The XA stack grows downwards, from higher addresses to lower 
addresses within data memory. The current stack pointer always 
points to the last item pushed on the stack, unless the stack is 
empty. Prior to a push operation, the stack pointer is decremented 
by 2, then data is written to memory. When the stack is popped, the 
reverse procedure is used. First, data is read from memory, then the 
stack pointer is incremented by 2. Data on the stack always 
occupies an even number of bytes and is word aligned. 


MEMORY 
SPACES 
The XA register has several discrete memory spaces. Aside from 
programmable registers, they consist of separate code and data 
spaces. In both spaces, addressing will automatically roll-over from 
intemal RAM, ROM, or EPROM to extemal memory when the limit 
of the memory on the particular derivative is reached. 


Data Memory 
The XA architecture can support up to 16 megaby1es of data 
memory space, although some derivative parts may not implement 
the bus for that entire range. The data space beginning at address 0 
is normally on-chip and extends to the limit of the RAM size of a 
particular XA derivative. Above that, the XA will automatically roll 
over to extemal data memory. 
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Data memory in the XA is divided into 64K by1esegments, in order 
to provide an intrinsic protection mechanism in mUlti-tasking 
systems and to improve performance. Segment registers provide 
the upper 8 address bits needed to obtain a complete 24-bit address 
in applications that require large data memories. 


The XA provides two segment registers that are used to access data 
memory, the Data Segment register (OS) and the Ex1raSegment 
register (ES). Each pointer register is associated with one of the 
segment registers via the Segment Select (SSEL) register. A pointer 
register retains this association until it is changed under program 
control. 


The XA provides direct and indirect addressing modes. See the 
following section on addressing modes. 


The XA data memory addressing scheme provides upward 
compatibility with the 80C51. For details, refer to the section on 
80C51 compatibility. 


Code Memory 
The XA is a Harvard architecture controller. This means that the 
code and data spaces are separate. The XA provides a continuous, 
unsegmented code space that may be as large as 16 megaby1es in 
size. In parts with on-chip ROM or EPROM code memory, that 
space begins at code address 0 and ex1ends to the limits of the 
on-chip code memory. Above that, code will be fetched from off-chip. 
Most XA derivatives will have an external bus for off-chip data and 
code access and may also be used in a ROM-less mode, with no 
code memory used on-chip. 
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In some cases, code memory may be addressed as data. Special 
instructions provide access to the entire code space via pointers. 
Either a special segment register (CS or Code Segment) or the 
upper 8 bits of the Program Counter (PC) may be used to identify 
the portion of code memory referenced by the pointer. Also, 
immediate data values contained with an instruction are supported 
for most data manipulation instructions. ThesB immediate values 
may be 4, 8, or 16-bits in size. 


ADDRESSING 
MODES 


The XA provides flexible data addressing modes. Most arithmetic, 
logic, and data movement instructions support the following modes 
of addressing data memory: 


Direct 
The first 1K bytes of data memory in each segment may be 
accessed directly by the address contained within the instruction. 


Indirect 
A complete 24-bit data memory address is formed by an B-bit 
segment register concatenated with 16-bits from a pointer 
register. 


Indirect 
with offset 


An B-bit or 16-bit signed offset contained within the instruction is 
added to the contents of a pointer register, then concatenated 
with an B-bit segment register to produce a complete address. 
This mode allows access into a data structure when a pointer 
register contains the starting address of the structure. It also 
allows subroutines to access parameters passed on the stack. 


Indirect 
with auto-increment 
The address is formed in the same manner as the indirect 
addressing mode, but the pointer register contents are 
automatically incremented following the operation. 


Data movement instructions and some special purpose instructions 
also have additional data addressing modes. 


The XA data memory addressing scheme provides upward 
compatibility with the BOC51. For details, refer to the section on 
BOC51compatibility. 


INSTRUCTION 
SET 


The XA instruction set is a superset of the BOC51 instruction set, 
and is versatile enough to support most common control 
applications. The instruction encoding is optimized for the most 
commonly used instructions: register-to-register 
or register with 


indirect arithmetic and logic operations; and short conditional and 
unconditional branches. These instructions are all encoded with 2 
bytes. The bulk of the XA instructions are encoded as either 2 or 3 
bytes, although there are two 1 byte instructions as well as 4-, 5-, 
and 6-byte instructions. 


The execution of instructions normally overlaps instruction fetch, 
and sometimes write-back operations, to further speed processing. 
The number of cycles used by each instruction varies with the type 
of operation, the location of the operands (on- versus off-chip), and 
the addressing mode specified. 


Instruction 
Syntax 


The instruction syntax used for the XA is similar in many ways to 
that used of the BOC51. A typical XA instruction has basic 
mnemonics, such as "ADD", followed by the operands on which the 
operation is to be performed. The direction of operation flow is 
determined by the order in which operands occur in the source line. 
For instance, the instruction: "ADD R1, R2" would cause the 
contents of R1 and R2 to be added together and the result stored 
in R1. Since R1 and R2 are word registers in the XA, this is a 16-bit 
operation. 


An indirect reference (a reference to data memory using the 
contents of a register as an address) is specified by enclosing the 
operand in square brackets, as in: "ADD R1, [R2]." This instruction 
causes the contents of R1 and the data memory location pointed to 
by R2 (appended to its associated segment register) to be added 


together and the result stored in R1. Reversing the operand order 
("ADD [R2], R1") causes the result to be stored in the data memory 
location pointed to by R2. 


Most instructions support an additional feature called auto-increment 
that causes the register, used to supply the indirect memory 
address, to be automatically incremented after the memory access 
takes place. The source line for such an operation is written as 
follows: "ADD R1, [R2+]". The auto-increment 
amount always 


matches the data size used in the instruction. In the previous 
example, R2 will have 2 added to it because this was a word 
operation. 


Another version of indirect addressing is called indirect with offset 
mode. In this version, an immediate value from the instruction word 
is added to the contents of the indirect register in order to form the 
actual address. This result of the add is 16 bits in size, which is then 
concatenated to the segment register for that pointer register. The 
immediate data from the instruction is a signed B-bit or 16-bit offset. 
Thus, the range is +127 bytes to -12B bytes for an B-bit offset, and 
+32767 to ~276B 
bytes for a 16-bit offset. Note that since the 


address calculation is limited to 16-bits, the 16-bit offset mode 
allows access to an entire data segment. 


When an instruction requires an immediate data value (a value 
stored within the instruction itself), it is written using the "#" symbol. 
For example: "ADD R1, #12" says to add the value 12 to register 
R1. 


Since indirect memory references and immediate data values do not 
implicitly identify the size of the operation to be performed, a few XA 
instructions must have an operation size explicitly called out. An 
example would be the instruction: "MOV[R1],#1". The immediate 
data value does not give a clue to the operation size, and the value 
stored in memory at the location pointed to by R1 could be either a 
byte or a word. To clarify the intent of such an instruction, a size 
identifier is added to the mnemonics as follows: "MOVb [R1],#1". 
This tells us that the operation should be performed on a byte. If the 
line read "MOV.w [R1]", it would be a word operation. 


If a direct data address is used in an instruction, the address is 
simply written into the instruction: "ADD 123, R1", meaning to add 
the contents of register R1 to the data memory value stored at direct 
address 123. In an actual program, the direct data address could be 
given a name to make to program more readable such as 
"ADD Count, R1". 


Operations using Special Function Registers (SFRs) are written in a 
way similar to direct addresses, except that they are normally called 
out by their names only: "MOV PSW.#12". Using actual SFR 
addresses rather than their names in instructions makes the code 
both harder to read and less transportable between XA derivatives. 


Bit addresses within instructions may be specified in one of several 
ways. A bit may be given a unique name, or it may be referred to by 
its position within some large register or entity. An example of a bit 
name would be one of the status flags in the PSW, for instance, the 
carry ("C") flag. To clear the carry flag, the following instruction could 
be used: "CLR C". The same bit could be addressed by its position 
within the PSW as follows: "CLR PSWL.T, 
where the period (".") 
character indicates that this is a bit reference. A program may use 
its own name to identify bits that are defined as part of the 
application program. 


Finally, code addresses are written with instructions either by name 
or by value. Again, a program is more readable and easier to modify 
if addresses are called out by name. Examples are "JMP Loop"; 
"JMP 123". 


Basic Arithmetic, 
Logic, and Data Movement 
Instructions 
For microcontrollers, 
the most used operations in most programs 


are likely to be the basic arithmetic and logic instructions, plus the 
MOV (move data) instruction. The XA supports the following basic 
operations: 


ADD 
ADDC 
SUB 
SUBB 
CMP 
AND 
OR 
XOR 


Simple addition 
Add with carry 
Subtract 
Subtract with borrow 
Compare 
Logical AND 
Logical OR 
Exclusive OR 


These instructions support all of the following standard XA 
addressing mode combinations: 


OPERANDS 


R,R 
The source and destination operands are 
both registers. 


The source operand is indirect, 
the destination operand is a register. 


The source operand is a register, 
the destination operand is indirect. 


The source operand is indirect with 
auto-increment, 
the destination operand is a 
register. 


The source operand is a register, 
the destination operand is indirect with 
auto-increment. 


The source operand is indirect with an 8- or 
16-bit offset, the destination operand is a 
register. 


The source operand is a register, 
the destination operand is indirect with an 
8- or 16-bit offset. 


The source operand is a register, 
the destination operand is a direct address. 


The source operand is a direct address, 
the destination operand is a register. 


The source operand is an 8- or 16-bit 
immediate value, the destination operand is a 
register. 


The source operand is an 8- or 16-bit 
immediate value, the destination operand is 
indirect. 


[R+], data 
The source operand is an 8- or 16-bit 
immediate value, the destination operand is 
indirect with auto-increment. 


[R+offset], #data 
The source operand is an 8- or 16-bit 
immediate value, the destination operand is 
indirect with an 8- or 16-bit offset. 


The source operand is an 8- or 16-bit 
immediate value, the destination operand is a 
dired address. 


Other instructions on the XA use different operand combinations. 
Following is a summary of other instruction types: 


Additional 
Arithmetic 
Instructions 
ADDS 
Add short immediate (4-bit signed value) 


NEG 
Negate (2's complement) 
SEXT 
Sign extend 
MUL 
Multiply 
DIV 
Divide 
DA 
Decimal adjust 
ASL 
Arithmetic shift left 
ASR 
Arithmetic shift right 
LEA 
Load effective address 


Additional 
Logic Instructions 
CPL 
Complement (1's complement or logical inverse) 


LSR 
Logical shift right 
NORM 
Normalize 
RL 
Rotate left 
RLC 
Rotate left through carry 
RR 
Rotate right 
RRC 
Rotate right through carry 


Other Data Movement 
Instructions 
MOVS 
Move short immediate (4-it signed value) 


MOVC 
Move to or from code memory 


MOVX 
Move to or from external data memory 
PUSH 
Push data onto the stack 
POP 
Pop data from the stack 
XCH 
Exchange data in two locations 


Bit Manipulation 
Instructions 
SET 
Set (write a 1 to) a bit 
CLR 
Clear (write a 0 to) a bit 


MOV 
Move a bit to or from the carry flag 


ANL 
Logical AND a bit (or its inverse) to the carry flag 


ORL 
Logical OR a bit (or its inverse) to the carry flag 


Jump, Branch, and Call Instructions 
BR 
Branch to code address (plus or minus 256 byte 
range) 
Jump to code address (range depends on specific 
JMP variation) 
Call subroutine (range depends on specific CALL 
variation) 
Return from subroutine or interrupt 
Conditional branches with 15 possible condition 
variations 
Jump if a bit set or not set 
Compare two operands and jump if they are not 
equal 
Decrement and jump if the result is not zero 
Jump on zero or not zero (included for 80C51 
compatibility 


DJNZ 
JZ, JNZ 


Other Instructions 
NOP 
No operation (used mainly to align branch targets) 


BKPT 
Breakpoint (used for debugging) 


TRAP 
Software trap (used to call system services in a 
multi-tasking system) 


RESET 
Reset the entire chip 


RESET OPERATIONS 
Power up reset and any other external reset of the XA is 
accomplished via an active low reset pin. A simple resistor and 
capacitor reset circuit is typically used to provide the power-on reset 
pulse. The reset pin is a Schmitt trigger, in order to prevent noise on 
the reset pin from causing spurious or incomplete resets. 


The XA may be reset under program control by executing the 
RESET instruction. This instruction has the effect of resetting the 
processor as if an external reset occurred, except that some 
hardware features that are latched following a hardware reset (such 
as the state to the EA pin and bus size programming) are not 
re-Iatched by a software reset. 


Some XA derivatives also have a hardware watchdog timer 
peripheral that will cause a chip reset if the program gets out of 
control or locks up for any reason. 


OSCILLATOR 
SUPPORT 
XA derivatives have an on-chip oscillator that may be used with 
crystals or ceramic resonators, or an external clock to provide a 
clock source for the processor. 


POWER-DOWN 
AND STANDBY 
MODES 
The XA supports two power saving modes: Idle and Power-Down. 
Either mode is activated by setting a bit in the Power Control 
(PCON) register. The Idle mode shuts down all processor functions, 
but leaves most of the on-chip peripherals and the external 
interrupts functioning. An interrupt from any operating source will 
cause the XA to resume operation where it left off. 


The Power-Down mode goes one step further and shuts down 
everything including the on-chip oscillator. This reduces power 
consumption to a tiny amount of CMOS leakage plus whatever 
loads are placed on chip pins. Resuming operation from the 
Power-Down mode requires the oscillator to be restarted, which 
takes about 10 milliseconds. Power-Down mode can be terminated 
either by resetting the XA or by asserting one of the external 
interrupts, if one was left enabled when Power-Down mode was 
entered. 


EXTERNAL 
BUS 
Most XA derivatives have the capability of accessing external code 
and/or data memory through the use of an external bus. The 
external bus provides address information to external devices, and 
initializes code read, data read, or data write strobes. The standard 
XA external bus is designed to provide flexibility, simplicity of 
connection, and optimization for external code fetches. 


External 
Bus Signals 
The standard XA external bus supports 8- or 16-bit transfers and up 
to 24 address lines. The precise number of address lines varies by 
derivative. The standard control signals and their functions for the 
external bus are as follows: 


ALE 
Address Latch Enable. This signal directs an 
external address latch to store a portion of the 
address for the next bus operation. This may 
be a data address or a code address. 


Program Store Enable. Indicates that the XA is 
reading code information over the bus. 
Typically connected to the Output. This 
connects to the enable pin of external 
EPROMs. 


"RO 
Read. The external data read strobe. Typically 
connected to the "ROpin of external peripheral 
devices. 


WR' 
Write. The external data write strobe. Typically 
connected to the WR' pin of external peripheral 
devices. For a 16-bit data bus, this strobe 
applies only to the lower data byte. 
wm 
Write 1. Upper byte write strobe for external 
data when using a 16-bit data bus. 


WAIT 
Wait. Allows slowing down any type of external 
bus cycle. When asserted during a bus 
operation, that operation waits for this signal to 
be de-asserted before it is completed. 


Bus Configurations 
The standard XA bus is user-configurable 
in several ways. First the 
bus size may be configured to either 8 bits or 16 bits. This may be 
configured by the logic level on a pin at rest, or under firmware 
control (if code is initially executed from on-chip code memory) prior 
to any actual external bus operations. As on the 80C51, the EA pin 
determines whether or not on-chip code memory is used for initial 
code fetches. 


Second, the number of address lines may be configured in order to 
make optimal use of I/O ports. Since external bus functions are 
typically shared with I/O ports and/or peripheral I/O functions, it is 
advantageous to set the number of address lines to only what is 
needed for a particular application, freeing I/O pins for other uses. 


Bus Timing 
The standard XA bus also provides a high degree of bus timing 
configurability. There are separate controls. for ALE width, PSEIiI 
width, "ROand WR' Width, and data hold time from WR'. These times 
are programmable in a range that will support most RAMs, ROMs, 
EPROMs and peripheral devices over a wide range of oscillator 
frequencies without the need for additional external latches, buffers, 
or WAIT state generators. 


VOPORTS 
Standard I/O ports on the XA have been enhanced to provide better 
versatility and programmability 
than was previously available in the 


BOC51 and most of its derivatives. Access to the 1/0 ports from a 
program is through SFR addresses assigned to those ports. Ports 
may be read and written in the same manner as any other SFR. 


The XA provides more flexibility in the use of 1/0 ports by allowing 
different output configurations. 
Port outputs may be programmed to 


be quasi-bidirectional 
(BOC51 style ports), open drain, pUSh-pull, and 


high impedance (input only). 


PERIPHERALS 
The XA CPU core is designed to make derivative design fast and 
easy. Peripheral devices are not part of the core, but are attached by 
means of a special peripheral bus, called the P-bus, which is 
separate from the CPU internal buses. So, a new XA derivative may 
be made by designing a new P-bus-compatible 
peripheral function 
block, if one does not already exist, then attaching it to the XA core. 


MULTI-TASKING 
Several features of the XA have been designed to support 
multi-tasking. Multi-tasking can be thought of as running several 
programs at once on the same processor, with a supervisory 
program determining when each program, or task, runs, and for how 
long. Since each task shares the same CPU, the system resources 
required by each must be kept separate and the CPU state restored 
when switching execution from one task to another. The problem is 
much simpler for a microcontroller than it is for a microprocessor, 
because the code executed by a microcontroller always comes from 
the same source: the designers of the system on which it runs. 
Thus, this code can be considered to be basically trustworthy and 
extreme measures to prevent misbehavior are not necessary. 


The first step in supporting mUlti-tasking is to provide two basic 
modes of operation, one for the basic tasks and one for the 
supervisory program. On the XA these are called user mode and 
system mode, respectively. A supervisory program running in 
system mode has access to all of the processor's resources and 
can set up and launch tasks. 


Code running in system and user mode uses different stack 
pointers, the System Stack Pointer (SSP) and the User Stack 
Pointer (USP), respectively. The system stack is always located in 
the first 64K data memory segment, where it can take advantage of 
the fast on-chip RAM. The user stack is located within each task's 
local data segment, identified by the OS register. The fact that user 
mode code uses a different stack than system mode code prevents 
tasks from accidentally destroying data on the system stack. 


Additional protection mechanisms are provided in the form of control 
bits and registers that are only writeable by system mode code. For 
instance, the OS register that identifies the local data segment for 
user mode code is only writeable in the system mode. While tasks 
can still write to the other segment register, the ES register, they 
cannot write to memory via the ES register unless specifically 
allowed to do so by the system. The data memory segmentation 
scheme thus prevents tasks from accessing data memory in 
unpredictable ways. 


Other protected features include enabling of the Trace Mode, 
alteration of the Interrupt Mask, or changing the selected register 
bank (unless granted permission by the system). 


The 4 register banks are a feature that can be useful in a small 
multi-tasking system by using each bank for a different task, 
including one for system code. This means fewer CPU states that 
must be saved during task switching. 


DEBUGGING 
FEATURES 
The XA incorporates some special features designed to aid in 
program and system debugging. There is a software breakpoint 
instruction that may be inserted in a user's program by a debugger 
program, causing the user program to break at that point and go to 
the breakpoint service routine, which can transmit the CPU state so 
that it can be viewed by the user. 


The trace mode is similar to a breakpoint, but is forced by hardware 
in the XA after the execution of every instruction. The trace service 
routine can then keep track of every instruction executed by a user 
program and transmit information about the CPU state to a serial 
port or other peripheral for display or storage. Trace mode is 
controlled by a bit in the PSW. The XA is able to alter the trace 
mode bit whenever an interrupt or exception vector is taken. This 
gives very flexible use of trace mode; for instance, by allowing all 
interrupts to run at full speed to comply with system hardware 
requirements, while single stepping through mainline code. 


With these two features, a simple debugger routine can allow a user 
to single step through a program, or to run a program at full speed, 
stopping only when execution reaches a breakpoint, in either case 
viewing the CPU state before continuing. 


80C51 COMPATIBILITY 
The BOC51 is the most designed-in B-bit microcontroller 
architecture 


in the world, and a vast amount of public and private code exists for 
this processor. For customers who have been using the BOC51 or 
one of its derivatives, preservation of some of their investment in 
code development is an important consideration. 
By permitting 


simple translation of source code, the XA allows existing BOC51 
code to be re-used with the high performance 16-bit XA 
microcontroller. 


Many trade-offs and considerations 
were taken into account in the 


creation of the XA architecture. The most important goal was that it 
would be possible for a software translator to take BOC51 assembler 
source code and automatically 
produce XA source code. The issues 
in making that possible fall under the categories of software and 
hardware, which are covered brieffy in the follOWing discussion. 


Software 
Compatibility 
Several basic goals were observed in order to insure BOC51 
compatibility with the XA, yet preserve a straightforward 
design. 


First, each BOC51 instruction translates into one XA instruction. 
Multi-instruction combinations that could result in problems if split by 
an interrupt were avoided as much as possible. In fact, only one 
rarely used BOC51 instruction cannot be replaced by a single XA 
instruction. Second, most BOC51 instructions should be a subset of 
mOre powerful XA instructions. If that is not possible, the original 
BOC51 instruction would be included "as-is". 


Instruction timing is one item that must change if any increased 
processing speed is added over the BOC51. The XA does not 
attempt to retain timing compatibility with the BOC51, but rather 
provides the fastest execution that is feasible at low cost. When 
BOC51 code that is timing critical is translated to the XA, the user 
must re-analyze the timing and make adjustments. 


Hardware 
Compatibility 


A major consideration in the hardware compatibility of the XA with 
80C51 is the memory map. The XA approaches this issue by having 
each memory area (registers, data memory, code memory, stack, 
SFRs) be a superset of the 80C51. One area where some difference 
could not be avoided is in the use of the processor stack. Due to the 
fact that the XA supports 16-bit operations in memory, it was 
necessary to change the direction of stack groW1hto downward 
(which is standard for 16-bil processors), in order to match stack 
usage with the storage of 16-bil variables in memory. This is an 
important consideration for the support of high-level language 
compilers such as C. For most 80C51 code the changes to the XA 
stack will be transparent (have no effect) for translated code. 


Translation of SFR accesses is usually simple, since SFRs are 
normally referenced by name. Such references are simply retained 
in the translated XA code. If a translated 80C51 program references 
an SFR by its address, the translator can try to relate that to an SFR 


name if it is given an SFR table for the 80C51 derivative on which 
the code was intended to run. 


XA derivatives are not necessarily intended to be pin compatible 
with other 80C51 derivatives that have similar features. For 
instance, on-chip peripherals may be altered on the XA to provide 
more capabilities. Initially, however, most peripherals have been 
made upward compatible with the original 80C51 peripheral, and 
most enhancements are added transparenlly 
in such a way that they 
will not interfere with 80C51 code that does not use them. 


XA USER'S 
GUIDE 
This document is an overview of the XA architecture. 
For a detailed 
discussion of the XA architecture please request a copy of the 
XA User's Guide from your local Philips sales office or sales 
representative. 


This excerpt 
represents 
a short-form 
datasheet 
only. 


For full datasheet, 
refer to Data Handbook 
IC25: 
16-bit BOC51XA Microcontrollers 
(eXtended 
Architecture). 


FAMILY DESCRIPTION 
The Philips Semiconductors 
XA (eXtended Architecture) family of 


16-bit single-chip microcontrollers 
is powerful enough to easily 
handle the requirements of high performance embedded 
applications, yet inexpensive enough to compete in the market for 
high-volume, low-cost applications. 


The XA family provides an upward compatibility path for 80C51 
users who need higher performance and 64k or more of program 
memory. Existing 80C51 code can also easily be translated to run 
on XA microcontrollers. 


The performance of the XA architecture supports the 
comprehensive 
bit-oriented operations of the 80C51 while 
incorporating support for multi-tasking operating systems and 
high-level languages such as C. The speed of the XA architecture, 
at 10 to 100 times that of the 80C51 , gives designers an easy path 
to truly high performance embedded control. 


The XA architecture supports: 


• Upward compatibility with the 80C51 architecture 


• 16-bit fully static CPU with a 24-bit program and data address 


range 


• Eight 16-bit CPU registers each capable of performing all 
arithmetic and logic operations as well as acting as memory 
pointers. Operations may also be performed directly to memory. 


• Both 8-bit and 16-bit CPU registers, each capable of performing 


all arithmetic and logic operations. 


• An enhanced instruction set that includes bit intensive logic 
operations and fast signed or unsigned 16 x 16 multiply and 
32/16 
divide 


• Instruction set tailored for high level language support 


• Multi-tasking and real-time executives that include up to 32 


vectored interrupts, 16 software traps, segmented data memory, 
and banked registers to support context switching 


• Low power operation, which is intrinsic to the XA architecture, 


includes power-down and idle modes. 


More detailed information on the core is available in the XA User 
Guide. 


SPECIFIC 
FEATURES 
OF THE XA·G1 


• 20-bit address range, 1 megabyte each program and data space. 


(Note that the XA architecture supports up to 24 bit addresses.) 


• 3.0V to 5.5V operation 


• 8K bytes on-chip EPROM/ROM program memory 


.512 
bytes of on-Chip data RAM 


• Three counterltimers 
with enhanced features 


(equivalent to 80C51 TO, T1, and T2) 


• Watchdog timer 


• Two enhanced UARTs 


• Four 8-bit I/O ports with 4 programmable output configurations 


• 44-pin PLCC and 44-pin LQFP packages 


ROM 
EPROM1 
TEMPERATURE 
RANGE °C AND PACKAGE 
FREQ 
DRAWING 
(MHz) 
NUMBER 


P51XAG13GB BO 
P51XAG17GB BO 
OTP 
o to +70, Plastic Low Profile Quad Flat Pkg. 
20 
SOT389-1 


P51XAG13GB A 
P51XAG17GB A 
OTP 
o to +70, Plastic Leaded Chip Carrier 
20 
SOT187-2 


P51XAG17GB KA 
UV 
o to +70, Ceramic Leaded Chip Carrier 
20 
1472A 


P51XAG13GF BO 
P51XAG17GF BO 
OTP 
-40 to +85, Plastic Low Profile Quad Flat Pkg. 
20 
SOT389-1 


P51XAG13GF A 
P51XAG17GF A 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
20 
SOT187-2 


P51XAG17GF KA 
UV 
-40 to +85, Ceramic Leaded Chip Carrier 
20 
1472A 


P51XAG13JB BO 
P51XAG17JB BO 
OTP 
o to +70, Plastic Low Profile Quad Flat Pkg. 
25 
SOT389-1 


P51XAG13JBA 
P51XAG17JB A 
OTP 
o to +70, Plastic Leaded Chip Carrier 
25 
SOT187-2 


P51XAG17JB KA 
UV 
o to +70, Ceramic Leaded Chip Carrier 
25 
1472A 


P51XAG13JF BO 
P51XAG17JFBO 
OTP 
-40 to +85, Plastic Low Profile Quad Flat Pkg. 
25 
SOT389-1 


P51XAG13JF A 
P51XAG17JF A 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
25 
SOT187-2 


P51XAG17JF KA 
UV 
-40 to +85, Ceramic Leaded Chip Carrier 
25 
1472A 


P51XAG13KB BO 
P51XAG17KB BO 
OTP 
o to +70, Plastic Low Profile Quad Flat Pkg. 
30 
SOT389-1 


P51XAG13KB A 
P51XAG17KB A 
OTP 
o to +70, Plastic Leaded Chip Carrier 
30 
SOT187-2 


P51XAG17KB KA 
UV 
o to +70, Ceramic Leaded Chip Carrier 
30 
1472A 


Philips 
Semiconductors 


This excerpt represents a short-form datasheet only. 
For full datasheet, refer to Data Handbook IC25: 16-bit BOC51XAMicrocontrollers 
(eXtended Architecture). 


FAMILY DESCRIPTION 
The Philips Semiconductors 
XA (eXtended Architecture) family of 
16-bit single-chip microcontrollers 
is powerful enough to easily 
handle the requirements of high performance embedded 
applications, yet inexpensive enough to compete in the market for 
high-volume, low-cost applications. 


The XA family provides an upward compatibility path for 60C51 
users who need higher performance and 64k or more of program 
memory. Existing 60C51 code can also easily be translated to run 
on XA microcontrollers. 


The performance of the XA architecture supports the 
comprehensive 
bit-oriented operations of the 60C51 while 


incorporating support for mUlti-tasking operating systems and 
high-level languages such as C. The speed of the XA architecture, 
at 10 to 100 times that of the 60C51 , gives designers an easy path 
to truly high performance embedded control. 


The XA architecture supports: 


• Upward compatibility with the 60C51 architecture 


• 16-bit fully static CPU with a 24-bit program and data address 
range 


• Eight 16-bit CPU registers each capable of performing all 
arithmetic and logic operations as well as acting as memory 
pointers. Operations may also be performed directly to memory. 


• Both 8-bit and 16-bit CPU registers, each capable of performing 
all arithmetic and logic operations. 


• An enhanced instruction set that includes bit intensive logic 
operations and fast signed or unsigned 16 x 16 multiply and 
32 116 divide 


• Instruction set tailored for high level language support 


• Multi-tasking and real-time executives that include up to 32 
vectored interrupts, up to 16 software traps, segmented data 
memory, and banked registers to support context switching 


• Low power operation, which is intrinsic to the XA architecture 


includes power-down and idle modes. 


• 20-bit address range, 1 megabyte each program and data space. 
(Note that the XA architecture supports up to 24 bit addresses.) 


• 2.7V to 5.5V operation 


• 16K bytes on-chip EPROM/ROM program memory 


• 512 bytes of on-chip data RAM 


• Three counterltimers 
with enhanced features 
(equivalentto 
80C51 TO, T1, and T2) 


• Watchdog timer 


• Two enhanced UARTs 


• Four 8-bit 1/0 ports with 4 programmable output configurations 


• 44-pin PLCC and 44-pln LQFP packages 


ROM 
EPROMl 
TEMPERATURE 
RANGE °C AND PACKAGE 
FREQ 
DRAWING 
(MHz) 
NUMBER 


P51XAG23GB BD 
P51XAG27GB BD 
OTP 
o to +70, Plastic Low Profile Quad Flat Pkg. 
20 
SOT389-1 


P51XAG23GB A 
P51XAG27GB A 
OTP 
o to +70, Plastic Leaded Chip Carrier 
20 
SOT187-2 


P51XAG27GB KA 
UV 
o to +70, Ceramic Leaded Chip Carrier 
20 
1472A 


P51XAG23GF BD 
P51XAG27GF BD 
OTP 
-40 to +85, Plastic Low Profile Quad Flat Pkg. 
20 
SOT369-1 


P51XAG23GF A 
P51XAG27GF A 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
20 
SOT187-2 


P51XAG27GF KA 
UV 
-40 to +85, Ceramic Leaded Chip Carrier 
20 
1472A 


P51XAG23JB BD 
P51XAG27JB BD 
OTP 
o to +70, Plastic Low Profile Quad Flat Pkg. 
25 
SOT389-1 


P51XAG23JB A 
P51XAG27JBA 
OTP 
o to +70, Plastic Leaded Chip Carrier 
25 
SOT167-2 


P51XAG27JB KA 
UV 
o to +70, Ceramic Leaded Chip Carrier 
25 
1472A 


P51XAG23JF BD 
P51XAG27JF BD 
OTP 
-40 to +85, Plastic Low Profile Quad Flat Pkg. 
25 
SOT389-1 


P51XAG23JF A 
P51XAG27JF A 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
25 
SOT187-2 


P51XAG27JF KA 
UV 
-40 to +85, Ceramic Leaded Chip Carrier 
25 
1472A 


P51XAG23KB BD 
P51XAG27KB BD 
OTP 
o to +70, Plastic Low Profile Quad Flat Pkg. 
30 
SOT389-=-1 


P51XAG23KB A 
P51XAG27KB A 
OTP 
o to +70, Plastic Leaded Chip Carrier 
30 
SOT187-2 


P51XAG27KB KA 
UV 
o to +70, Ceramic Leaded Chip Carrier 
30 
1472A 


NOTE: 
1. OTP = One Time Programmable EPROM. UV = Erasable EPROM. 


Philips 
Semiconductors 


This excerpt represents a short-form datasheet only. 
For full datasheet, refer to Data Handbook IC25: 16·bit BOC51XAMicrocontrollers 
(eXtended Architecture). 


FAMILY DESCRIPTION 
The Philips Semiconductors 
XA (eXtended Architecture) family of 
16-bit single-ehip microcontrollers 
is powerful enough to easily 
handle the requirements of high performance embedded 
applications, yet inexpensive enough to compete in the market for 
high-volume, low-cost applications. 


The XA family provides an upward compatibility path for 80C51 
users who need higher performance and 64k or more of program 
memory. Existing 80C51 code can also easily be translated to run 
on XA microcontrollers. 


The performance of the XA architecture supports the 
comprehensive bit-oriented operations of the 80C51 while 
incorporating support for multi-tasking operating systems and 
high-level languages such as C. The speed of the XA architecture, 
at 10 to 100 times that of the 80C51 , gives designers an easy path 
to truly high performance embedded control. 


The XA architecture supports: 


• Upward compatibility with the 80C51 architecture 


• 16-bit fully static CPU with a 24-bit program and data address 
range 


• Eight 16-bit CPU registers each capable of performing all 
arithmetic and logic operations as well as acting as memory 
pointers. Operations may also be performed directly to memory. 


• Both 8-bit and 16-bit CPU registers, each capable of performing 
all arithmetic and logic operations. 


• An enhanced instruction set that includes bit intensive logic 
operations and fast signed or unsigned 16 x 16 multiply and 
32/16 
divide 


• Instruction set tailored for high level language support 


• Multi-tasking and real-time executives that include up to 32 
vectored interrupts, 16 software traps, segmented data memory, 
and banked registers to support context switching 


• Low power operation, which is intrinsic to the XA arChitecture, 


includes power-down and idle modes. 


More detailed information on the core is available in the XA User 
Guide. 


SPECIFIC 
FEATURES 
OF THE XA-G3 


• 20-bit address range, 1 megabyte each program and data space. 
(Note that the XA architecture supports up to 24 bit addresses.) 


• 3.0V to 5.5V operation 


• 32K bytes on-chip EPROM/ROM program memory 


• 512 bytes of on-Chip data RAM 


• Three counterltimers 
with enhanced features 
(equivalent to 80C51 TO, Tl, and T2) 


• Watchdog timer 


• Two enhanced UARTs 


• Four 8-bit I/O ports with 4 programmable output configurations 


• 44-pin PLCC and 44-pin LQFP packages 


ROM less 
ROM 
EPROM1 
TEMPERATURE 
RANGE ·C AND PACKAGE 
FREQ 
DRAWING 
(MHz) 
NUMBER 


P51XAG30GB BO 
P51XAG33GB BO 
P51XAG37GB BO 
OTP 
o to +70, Plastic Low Profile Quad Flat Pkg. 
20 
SOT389-1 


P51XAG30GB A 
P51XAG33GB A 
P51XAG37GB A 
OTP 
o to +70, Plastic Leaded Chip Carrier 
20 
SOT187-2 


P51XAG37GB KA 
UV 
o to +70, Ceramic Leaded Chip Carrier 
20 
1472A 


P51XAG30GF BO 
P51XAG33GF BO 
P51XAG37GF BO 
OTP 
-40 to +85, Plastic Low Profile Quad Flat Pkg. 
20 
SOT389-1 


P51XAG30GF A 
P51XAG33GF A 
P51XAG37GF A 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
20 
SOT187-2 


P51XAG37GF KA 
UV 
-40 to +85, Ceramic Leaded Chip Carrier 
20 
1472A 


P51XAG30JB BO 
P51XAG33JB BO 
P51XAG37JB BO 
OTP 
o to +70, Plastic Low Profile Quad Flat Pkg. 
25 
SOT389-1 


P51XAG30JB A 
P51XAG33JB A 
P51XAG37JB A 
OTP 
o to +70, Plastic Leaded Chip Carrier 
25 
SOT187-2 


P51XAG37JB KA 
UV 
o to +70, Ceramic Leaded Chip Carrier 
25 
1472A 


P51XAG3OJF BO 
P51XAG33JF BO 
P51XAG37JF BO 
OTP 
-40 to +85, Plastic Low Profile Quad Flat Pkg. 
25 
SOT389-1 


P51XAG30JF A 
P51XAG33JF A 
P51XAG37JF A 
OTP 
-40 to +85, Plastic Leaded Chip Carrier 
25 
SOT187-2 


P51XAG37JF KA 
UV 
-40 to +85, Ceramic Leaded Chip Carrier 
25 
1472A 


P51XAG30KB BO 
P51XAG33KB BO 
P51XAG37KB BO 
OTP 
o to +70, Plastic Low Profile Quad Flat Pkg. 
30 
SOT389-1 


P51XAG30KB A 
P51XAG33KB A 
P51XAG37KB A 
OTP 
o to +70, Plastic Leaded Chip Carrier 
30 
SOT187-2 


P51XAG37KB KA 
UV 
o to +70, Ceramic Leaded Chip Carrier 
30 
1472A 


NOTE: 
1. OTP = One Time Programmable 
EPROM. UV = Erasable EPROM. 


CMOS single-chip 
16-bit microcontroller 
with CAN/DeviceNet 
controller 


DESCRIPTION 
The XA-CAN device is a member of Philips' 80C51 XA (eXtended 
Architecture) family of high performance 16-bit single-chip 
microcontrollers, and is intended for industrial control applications. 


The XA-CAN device supports the DeviceNetT" 
ICAN Controller Area 


Network (CAN) 2.08 .. It supports both 11-bit and 29-bit identifiers 
(10) at up to 1Mbitls data rate. 


The performance of the XA architecture supports the 
comprehensive bit-oriented operations of the 80C51 while 
incorporating support for multi-tasking operating systems and 
high-level languages such as C. The speed of the XA architecture, 
at10 to 100 times that of the 80C51 , gives designers an easy path 
to truly high performance embedded control, while maintaining great 
flexibility to adapt software to specific requirements. 


i 
-: 
,,,, 
·····,,, 


Specific 
Features 
of the XA-C3 


• 2.7V to 5.5V operation 


• 32K bytes of on-chip EPROM/ROM program memory 


• 1024 bytes of on-chip data RAM 


• CAN block supporting full CAN2.0B, with 11-/29-bilID 
and up to 


1Mbitls 


• Three standard counterltimers 
with enhanced features (equivalent 


to 80C51 TO,n, and T2) with outputs 


• Watchdog timer with output 


.1 
UART 


• Low voltage detect 


• Three 8-bitl/O 
ports with 4 programmable output configurations 


• EPROM/OTP versions can be programmed in circuit 


• 25MHz operating frequency at 4.5 - 5.5V VCCover commercial 


operating conditions; 16MHz at 2.7V - 3.6V Vcc 


• 40-pin DIP, 44-pin PLCC, and 44-pin OFP packages 


TX 


UART 


RX 


1024 BYTES 
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DEVICENETI 
CTX 


CAN 2.06 
CRX 
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§ 
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TIMER 
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TIMER 
1 
T1MERClKIN 
«z0 
PORT 
1 
>= 
flcr 
9 
TIMER 
2 
TIMER 
OUT 
iii 
TIMER 
CLK 
IN 


PORT 
2 


WATCHDOG 
WD RESET 
TIMER 
, 
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VOLTAGE 
I 
DETECT 
•·,, 
·, 
...................................................................................................................................................... 
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DESCRIPTION 
The XA-S3 device is a member of Philips' 80C51 XA (eXtended 
Architecture) family of high performance 16-bit single-ehip general 
purpose microcontrollers. 


The XA-S3 device combines many powerful peripherals on chip. 
With its dual-channel Universal Peripheral Interface (UPI), high 
performance AID converters, timers/counters, 
watchdog, 


Programmable Counter Array (PCA), 12Cinterface, UARTs and 
multiple general purpose I/O ports, it is suited for general 
multipurpose high performance embedded control functions, PC 
peripheral control, and motor control. 


Specific 
Features 
of the XA-S3 


• 2.7V to 5.5V operation 


• 32K bytes of on-chip EPROM/ROM program memory 


• 1024 bytes of on-chip data RAM 


• Supports off-chip addressing up to 16 megabytes 


(24 address lines) 


• Support for off-chip Special Function Registers. The off-chip SFR 


space is mapped into the normal external data memory space at 
locations 0 through 1FF hex. An optional SFR bus strobe allows 
distinguishing an extemal SFR access from other types of bus 
functions. 


• Dual-channel 8-bit Universal Peripheral Interface (UPI). 


Similar to 8XC576 UPI, with separate IBF and OBF interrupts. 
Incorporates two data registers. A single byte control register 
contains the status flags for both UPI ports 


• High performance 8-ehannel 1Q-bit AID converter with automatic 


channel scan and repeated read functions. Completes a 
conversion in 5 microseconds at 20 MHz (100 clocks per 
conversion). Operates down to 3V. 


• Two analog comparators with separate reference inputs and 


output pins. 


• Four standard counterltimers 
with enhanced features (same as 


XA-G3 TO, T1, and T2, plus a T3 which is identical to T1). All 
timers have a toggle output capability. 


• Watchdog timer. 


• 5-ehanneI16-bit 
Programmable Counter Array (PCA). 


• Six B-bit PWM channels. The PWM frequency range is from 


153.8 Hz to 39.2 kHz when an oscillator frequency of 20 MHz is 
used. 


• 12C-busserial I/O port with byte-oriented master and slave 


functions. Supports both 100 kHz and 400 kHz 12Coperating 


modes. Also has a "bus monitor" mode that turns off automatic 
address recognition and interrupts for any address. 


• Two enhanced UARTs with independent baud rates 


• Nine 8-bitl/0 
ports (1OO-pinpackage) or seven 8-bitl/0 
ports 


(80-pin package), each with 4 programmable output 
configurations. One additional 8-bit input-only port shared with 
analog inpU1s.One port will generate an interrupt for a low level 
on any of B pins. This may be used as a keyboard/keypad 
sense 


port that can wake-up the S3 from power-down when a key is 
pressed. One vector is used for all 8 interrupt sources. 


• Interrupt system supports 26 distinct event interrupts associated 


with various peripheral functions. In addition, seven software 
interrupts are supported. 


• Active low reset pin also acts as an open drain output to indicate 


internal reset occurrences (watchdog resets and the RESET 
instruction). A reset source register allows program determination 
of the cause of the most recent reset. 


• EPROM/OTP versions can be programmed in circuit 
(On-Board Programming). 


• 25MHz operating frequency at4.5 - 5.5V Voo over commercial 


operating conditions; 16MHz at2.7V - 3.6V Voo 


• Power saving operating modes: Idle and Power-Down. Wake-Up 


from power-down is supported. 


• 80-pin and 100-pin QFP packages. 
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Section 5 
Package Outlines 


80C51-Based 
8-Bit Microcontrollers 


CONTENTS 


Soldering 
Package information. 
. . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 
5-2 


Plastic 
Dual In-Line Package 


DIP8: 
plastic dual in-line package; 8 leads (300 mil) 
......•.......•..•.•..•.........•............ 
SOT97-1 
5-4 


DIP24: 
plastic dual in-line package; 24 leads (300 mil) .............•....•..•.........•..•....•.... 
SOT222-1 
5-5 


DIP28: 
plastic dual in-line package; 28 leads (600 mil); long body 
...•....•..•....•....•............ 
SOT117-2.... 
5-6 


DIP40: 
plastic dual in-line package; 40 leads (600 mil) ..........................•....•..•....•.... 
SOT129-1 
... 
5-7 


Plastic Shrink 
Dual In-Line Package 


SOl P42: 
plastic shrink dual in-line package; 42 leads (600 mil) 


SOl P64: 
plastic shrink dual in-line package; 64 leads (750 mil) 


....•................................. 
SOT270-1 


.................•.................... 
SOT274-1 


Ceramic Dual In-Line Package 


24-Pin (300 mils wide) Ceramic Dual In-line (F) Package (with Window (FA) Package) 
0566B .....•. 
5-10 


26-Pin (600 mils wide) Ceramic Dual In-line (F) Package (with Window (FA) Package) 
0589B .. .. .. . 
5-11 


40-Pin (600 mils wide) Ceramic Dual In-line (F) Package (with Window (FA) Package) ....•..... 
0590B .... 
5-12 


Plastic 
Leaded Chip Carrier 


PLCC28: 


PLCC44: 


PLCC66: 


PLCC68: 


plastic leaded chip carrer; 28 leads; pedestal... 
. .....•.................... 
SOT261-3 


plastic leaded chip carrier; 44 leads ............•....•..•.........................•.•..... 
SOT187-2 


plastic leaded chip carrier; 66 leads. 
. . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 
SOT188-2 


plastic leaded chip carrier; 68 leads; pedestal 
. 
SOT166-3 


Ceramic 
Leaded Chip Carrier 


66-Pin Chip Carrier, J-Bend (L) Package 
..........•....•...............•....•............ 
1240C . . . . . . . 
5-17 


Ceramic leaded chip carrier (window); 66 leads 
............•.............................. 
N0330 
5-16 


Plastic Quad Flat Package 


OFP44: 


OFP44: 


LOFP44: 


OFP64: 


OFP64: 


OFP60: 


OFP60: 


plastic quad flat package; 44 leads (lead length 1.3 mm); body 10 x 10 x 1.75 mm 
.. SOT307 -2 
... 


plastic quad flat package; 44 leads (lead length 2.35 mm); body 14 x 14 x 2.2 mm 
.. 
. ... 
SOT205-1 


plastic low profile quad flat package; 44 leads; body 10 x 10 x 1.4 mm . . . . . . . . . . . . 
.. SOT369-1 


plastic quad flat package; 64 leads (lead length 2.35 mm); body 14 x 20 x 2.75 mm 
.. SOT206-1 


plastic quad flat package; 64 leads (lead length 1.95mm); body 14 x 20 x 2.6 mm .......•...... 
SOT319-2 


plastic quad flat package; 60 leads (lead length 1.6 mm); body 14 x 20 x 3.0 mm 
SOT310-1 


plastic quad flat package; 60 leads (lead length 1.95 mm); body 14 x 20 x 2.7 mm; 
high stand-off height ............................................................•...... 
SOT316-1 


plastic quad flat package; 80 leads (lead length 1.95 mm); body 14 x 20 x 2.8 mm 
SOT318-2 


Ceramic Quad Flat Package 


44-pin CerQuad J-Bend (K) Package 
1472A . . . . 
5-27 


68-pin CerQuad J-Bend (K) Package 
.................•.........................•........ 
1473A . . . . 
5-28 


Plastic Small Outline 
Package 


S06: 
plastic small outline package; 8 leads; body width 3.9mm ........•.......•............•..... 
SOT96-1 
... 
5-29 


S026: 
plastic small outline package; 28 leads; body width 7.5mm 
. 
SOT136-1 
5-30 


VS040: 
plastic very small outline package; 40 leads..................... 
. 
SOT156-1 
5-31 


VS056: 
plastic very small outline package; 56 leads ..................•....•..•.................... 
SOT190-1 
5-32 


Plastic Shrink 
Small Outline 
Package 


SSOP24: 
plastic shrink small outline package; 24 leads; body width 5.3 mm 
...........•............ 
SOT340-1 


SSOP28: 
plastic shrink small outline package; 28 leads; body width 5.3mm 
. 
. 
SOT341-1 


INTRODUCTION 
There is no soldering method that is ideal for all IC packages. Wave 
soldering is often preferred when though-hole and surface mounted 
components are mixed on one printed-circuit board. However, wave 
soldering is not always suitable for surface mounted ICs, or for 
printed-circuits with high population densities. In these situations 
reflow soldering is often used. 


This text gives a very brief insight to a complex technology. A more 
in-depth account of soldering ICs can be found in our "Ie Package 
Oatabook" (order code 9398 652 90011). 


TYPE 
DESCRIPTION 


DIP 
plastic dual in-line package 


SDIP 
plastic shrink dual in-line package 


HDIP 
plastic heat-dissipating dual in-line package 


DBS 
plastic dual in-line bent from a single in-line package 


SIL 
plastic single in-line package 


Soldering 
by dipping 
or wave 
The maximum permissible temperature of the solder is 260°C; 
solder at this temperature must not be in contact with the joint for 
more than 5 seconds. The total contact time of successive solder 
waves must not exceed 5 seconds. 


The device may be mounted to the seating plane, but the 
temperature of the plastic body must not exceed the specified 
maximum storage temperature (Tstg max).If the printed-circuit board 
has been pre-heated, forced cooling may be necessary immediately 
after soldering to keep the temperature within the permissible limil. 


Repairing 
soldered 
joints 


Apply a low voltage soldering iron (less than 24V) to the lead(s) of 
the package, below the seating plane or not more than 2mm above 
il. If the temperature of the soldering iron bit is less than 3000e it 
may remain in contact for up to 10 seconds. If the bit temperature is 
between 300 and 400oe, contact may be up to 5 seconds. 


TYPE 
DESCRIPTION 


SO 
plastic small outline package 


SSOP 
plastic shrink small outline package 


TSSOP 
plastic thin shrink small outline package 


VSO 
plastic very small outline package 


QFP 
plastic quad flat package 


LQFP 
plastic low profile quad flat package 


SQFP 
plastic shrink quad flat package 


TQFP 
plastic thin quad flat package 


PLce 
plastic leaded chip carrier 


Reflow soldering 
Reflow soldering techniques are suitable for all SMD packages, 
ease of soldering varies with the type of package as indicated in 
Table 3. 


The choice of heating method may be indluenced by larger plastic 
packages (QFP or PLee with 44 leads, or more). If infrared or vapor 
phase heating is used and the large packages are not absolutely dry 
(less than 0.1% moisture content by weight), vaporization of the 
small amount of moisture in them can cause cracking of the plastic 
body. For more information on moisture prevention, refer to the 
Drypack chapter in our "Quality Reference Manual" 
(order code 9398 510 63011). 


Reflow soldering requires solder paste (a suspension of fine solder 
particles, flux and binding agent) to be applied to the printed·circuit 
board by screen printing, stenciling or pressure-syringe 
dispensing 


before package placemenl. 


Several techniques exist for reflowing; for example, thermal 
conduction by heated bell. Dwell limes vary between 50 and 
300 seconds depending on heating method. Typical reflow 
temperatures range from 215 to 250°C. 


Preheating is necessary to dry the paste and evaporate the binding 
agent. Preheating duration: 45 minutes at 45°e. 


Table 3. Suitability of surface mounted packages for various soldering methods 
Rating from 'a' to 'd'; 'a' indicates 
most suitable 
(soldering is not difficult); 'd' indicates 
least suitab'le (soldering is achievable with difficulty). 


REF LOW METHOD 
DOUBLE WAVE 
TYPE 
METHOD 
INFRARED 
HOT BELT 
HOT GAS 
VAPOR PHASE 
RESISTANCE 


SO 
a 
a 
a 
a 
d 
a 


SSOP 
a 
a 
a 
c 
d 
c 


TSSOP 
b 
b 
b 
c 
d 
d 


VSO 
b 
b 
a 
b 
a 
b 


QFP 
b 
b 
a 
c 
a 
c 


LQFP 
b 
b 
a 
c 
d 
d 


SQFP 
b 
, 
b 
a 
c 
d 
d 


TQFP 
b 
b 
a 
c 
d 
d 


PLCC 
c 
b 
b 
d 
d 
b 


Wave soldering 
Wave soldering is not recommended for SSOP, TSSOP, QFP, 
LQFP, SQFP or TQFP packages. This is because of the likelihood of 
solder bridging due to closely-spaced 
leads and the possibility of 


incomplete solder penetration in multi-lead devices. 


If wave soldering cannot be avoided, the following conditions must 
be observed: 


• A double-wave 
(a turbulent wave with high upward pressure 


followed by a smooth laminar wave) soldering technique should 
be used. 


• For SSOP, TSSOP and VSO packages, the longitudinal axis of 


the package footprint must be parallel to the solder flow and must 
incorporate solder theives at the downstream end. 


• For QFP, LQFP and TQFP packages, the footprint must be at and 


angle of 45° to the board direction and must incorporate solder 
thieves downstream and at the side comers. 


Even with these conditions, only consider wave soldering for the 
following package types: 


• SO 


• VSO 


• PLCC 


• SSOP only with body width 4.4mm, e.g., SSOP16 (SOT369-1) 


or SSOP20 (SOT266-1). 


• QFP except QFP52 (SOT379-1), QFP100 (SOT317-1, SOT317-2 


and SOT382-1) and QFP160 (SOT322-1); these are not suitable 
for wave soldering. 


• LQFP except LQFP32 (SOT401-1), LQFP48 (SOT313-1, 
SOT313-2), LQFP64 (SOT314-2), LQFP80 (SOT315-1); these 
are not suitable for wave soldering. 


• TQFP exceptTQFP64 
(SOT357-1), TQFP80 (SOT375-1) and 


TQFP100 (SOT386-1); these are not suitable for wave soldering. 


SQFP are not suitable for wave soldering. 


During placement and before soldering, the package must be fixed 
with a droplet of adhesive. The adhesive can be applied by screen 
printing, pin transfer or syringe dispensing. The package can be 
soldered after the adhesive is cured. 


Maximum permissible solder temperature is 260°C, and maximum 
duration of package immersion in solder is 10 seconds, if cooled to 
less than 150°C within 6 seconds. Typical dwell time is 4 seconds at 
250°C. 


A mildly-activated flux will eliminate the need for removal of 
corrosive residues in most applications. 


Repairing soldered joints 
Fix the component by first soldering two diagonally-opposite 
end 


.leads. Use only a low voltage soldering iron (less than 24V) applied 
to the flat part of the lead. Contact time must be limited to 
10 seconds at up to 300°C. When using a dedicated tool, all other 
leads can be soldered in one operation within 2 to 5 seconds at 
between 270 and 320°C. 
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UNIT 
A 
A, 
A2 
b 
b, 
b2 
e 
0(1) 
E(1) 
e 
e, 
L 
ME 
MH 
w 
Z(1) 
max. 
min. 
max. 
max. 


mm 
4.2 
0.51 
3.2 
1.73 
0.53 
1.07 
0.36 
9.6 
6.46 
2.54 
7.62 
3.60 
6.25 
10.0 
0.254 
1.15 
1.14 
0.36 
0.69 
0.23 
9.2 
6.20 
3.05 
7.60 
6.3 


inches 
0.17 
0.020 
0.13 
0.066 
0.021 
0.042 
0.014 
0.39 
0.26 
0.10 
0.30 
0.14 
0.32 
0.39 
0.01 
0.045 
0.045 
0.015 
0.035 
0.009 
0.36 
0.24 
0.12 
0.31 
0.33 


Note 


1. Plastic or metal protrusions 
of 0.25 
mm maximum 
per side are not included. 


OUTUNE 
REFERENCES 
EUROPEAN 


VERSION 
I 
I 
I 
PROJECTlON 
ISSUE DATE 
IEC 
JEOEC 
EIAJ 


SOT97-1 
050G01 
I 
MO-o01AN 
I 
I 
E3~ - 
95-02-04 


UNIT 
A 
A, 
A. 
b 
b, 
c 
0(1) 
E(') 
e 
L 
ME 
MH 
W 
Z(l) 
max. 
min. 
max. 
e, 
max. 


mm 
4,70 
0,38 
3,94 
1,83 
0,58 
0,38 
31,9 
8,73 
2,54 
7,82 
3,51 
8,13 
10,03 
0,25 
2,05 
1,14 
0,43 
0,25 
31,5 
6.48 
3,05 
7,82 
7,82 


inches 
0,185 
0,015 
0,155 
0,084 
0,022 
0,014 
',256 
0,285 
0,100 
0,300 
0,138 
0,32 
0,395 
0.Q1 
0,081 
0,045 
0,017 
0,010 
1,240 
0,255 
0,120 
0,30 
0,300 


Note 


1. Plastic 
or metal 
protrusions 
of 0.01 
inches 
maximum 
per side are not included. 
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pin 1 index 
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I 
l 
EJ 


UNIT 
A 
A, 
A2 
b 
b, 
c 
0(') 
E(') 
e 
L 
ME 
MH 
Z(') 


max. 
min. 
max. 
e, 
w 
max. 


mm 
5.08 
0.51 
3.94 
1.63 
0.56 
0.38 
37.08 
14.22 
2.54 
15.24 
3.51 
15.75 
17.65 
0.25 
2.10 
1.14 
0.43 
0.25 
35.94 
13.84 
3.05 
15.24 
15.24 


inches 
0.200 
0.020 
0.155 
0.064 
0.022 
0.015 
1.460 
0.560 
0.100 
0.600 
0.138 
0.62 
0.695 
0.01 
0.083 
0.045 
0.017 
0.010 
1.415 
0.545 
0.120 
0.60 
0.600 


Note 


1. Plastic 
or metal 
protrusions 
of 0.01 
inches 
maximum 
per side are not included. 
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scale 


UNIT 
A 
A, 
A2 
b 
b, 
C 
OIl) 
E(I) 
e 
L 
ME 
MH 
W 
ZII) I 
max. 
min. 
malt 
e, 
max. 


mm 
4.7 
0.51 
4.0 
1.70 
0.53 
0.36 
52.50 
14.1 
2.54 
15.24 
3.60 
15.80 
17.42 
0.254 
2.25 
1.14 
0.38 
0.23 
51.50 
13.7 
3.05 
15.24 
15.90 


inches 
0.19 
0.020 
0.16 
0.067 
0.021 
0.014 
2.067 
0.56 
0.10 
0.60 
0.14 
0.62 
0.69 
0.01 
0.089 
0.045 
0.015 
0.009 
2.028 
0.54 
0.12 
0.60 
0.63 


Note 


1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 


OUTLINE 
REFERENCES 
EUROPEAN 
VERSION 
I 
I 
I 
PROJECTION 
ISSUE 
DATE 
IEC 
JEOEC 
EIAJ 
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UNIT 
A 
A, 
A2 
b 
b, 
C 
0(1) 
El') 
e 
L 
ME 
MH 
W 
Z(1) 
m.x. 
min. 
m.x. 
., 
mox. 


mm 
5.08 
0.51 
4.0 
1.3 
0.53 
0.32 
38.9 
14.0 
3.2 
15.80 
17.15 
0.8 
0.40 
0.23 
38.4 
13.7 
1.778 
15.24 
2.9 
15.24 
15.90 
0.18 
1.73 


Nole 


1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 
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UNIT 
A 
A, 
A2 
b 
b, 
01') 
El') 
Z(') 
max. 
min. 
max. 
c 
• 
., 
L 
ME 
MH 
w 
max. 


mm 
5.84 
0.51 
4.57 
1.3 
0.53 
0.32 
58.67 
17.2 
3.2 
19.61 
20.96 
0.8 
0.40 
1.778 
19.05 
0.18 
1.73 
0.23 
57.70 
16.9 
2.8 
·'9.05 
19.71 


Not. 


1. Plastic or metal protrusions 
of 0.25 
mm maximum 
per side are not included. 


OUTLINE 
REFERENCES 
EUROPEAN 


VERSION 
IEC 
I 
I 
I 


PROJECTION 
ISSUE 
DATE 


JEDEC 
EIAJ 


50T274-1 
I 
I 
I 
£3$ 
~ 
95-Q2-()4 


owe (2.49) 11 
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0.306 (7.n) 
0.285 (7.24) 


~~~~~~~=: 
-+171 TIE 
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NOTES: 
1. Controlling dimension: Inches. Millimeters are 


shown in parentheses. 


2. Dimension and tolerancing per ANSI Y14. 5M-1982. 


3. "T", "0", and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus 
on the seal line, and lid to base mismatch. 


4. These dimensions measured with the leads 
constrained to be perpendicular to plane T. 


5. Pin numbers start with Pin #1 and continue 
counterclockwise to Pin #24 when viewed 
from the top. 


~ 
6. Denotes window location for EPROM products. 
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(2.54) 
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1.485 (37.72) 
1.440 (36.58) 


NOTES: 
1. Controlling dimension: Inches. Millimeters are 
shown in parentheses. 


2. Dimension and tolerancing per ANSI Y14. 5M-1982. 


3. "T", "0", and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus 
on the seal line, and lid to base mismatch. 


4. These dimensions measured with the leads 
constrained to be perpendicular to plane T. 


5. Pin numbers start with Pin #1 and continue 
counterclockwise to Pin #28 when viewed 
from the top. 


I1iI 6. Denotes window location for EPROM products. 
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NOTES: 
1. Controlling dimension: Inches. Millimeters are 
shown in parentheses. 


2. Dimension and tolerancing per ANSI Y14. 5M-1982. 


3. "r, "D", and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus 
on the seal line, and lid to base mismatch. 


4. These dimensions measured with the leads 
constrained to be perpendicular to plane T. 


5. Pin numbers start with Pin #1 and continue 
counterclockwise to Pin #40 when viewed 
from the top. 


6. Denotes window location for EPROM products. 
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0.050 (1.27) 
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UNIT 
A 
A, 
A3 
A4 
bp 
b, 
0(') 
Ell) 
I 
10 
Ie 
Ho 
He 
k 
IlJj 
Lp 
v 
w 
y 
Zo(') 
Ze(1) ~ 
min. 
max. 
max. mIX. 


mm 
4.57 
0.13 
0.25 
3.05 
0.53 
0.81 
11.58 
11.58 
1.27 
'0.92 
10.92 
'2.57 
12.57 
1.22 
5.69 
1.44 
0,18 
0.18 
0,10 
4.19 
0.33 
0.66 
11.43 
11.43 
9.91 
9.91 
12.32 12.32 
'.07 
5.54 
1.02 
2.06 
2.06 


45· 


inches 0.'80 
0.005 
0.01 
0.12 
0.021 
0.032 
0.456 
0.456 
0.05 
0.430 
0.430 
0.495 0.495 
0.048 0.224 
0.057 
0.165 
0.0'3 
0.026 
0.450 
0.450 
0.390 0.390 
0.485 0.485 
0.042 0.218 
0.040 
0.007 0.007 
0.004 0.081 
0.081 


Note 


1. Plastic or metal protrusions 
of 0.01 inches maximum 
per side are not included. 
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UNIT 
A 
A, 
A3 
A. 
bp 
b, 
0(1) I E(l) 
e 
eo 
eE 
Ho 
HE 
k 
k, 
Lp 
V 
w 
y 
ZO(l) 
ZE(l) 
~ 
min. 
max. 
max. 
max. 
max. 


mm 
4.57 
0.51 
0.25 
3.05 
0.53 
0.81 
16.66 1,6.66 
1.27 
16.00 18.00 17.65 17.65 
1.22 
0.51 
1.44 


4.19 
0.33 
0.66 
16.51 
16.51 
".99 
14.99 17.40 17.40 
1.07 
1.02 
0.18 
0.18 
0.10 
2.18 
2.18 


45° 


i~hes 
0.180 0.020 
0.01 
0.12 
0.021 
0.032 
0.658 0.658 
0.05 
0.830 0.830 
0.895 0.895 0.048 
0.020 0.057 0.007 0.007 
0.004 
0.185 
0.013 0.026 
0.650 0.850 
0.590 0.590 0.685 0.685 0.042 
0.040 
0.085 0.085 


Note 


1. Plastic or metal protrusions 
of 0.01 
inches 
maximum 
per side are not Included. 
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UNIT 
A 
A, 
A3 


A4 
bp 
b, 
0(') 
E(l) 
e 
eo 
ee 
Ho 
He 
k 
k, 
Lp 
v 
w 
y 
Zo(') 
Ze(l) 
~ 
min. 
mu. 
max. 
mu. 
max. 


mm 
4.57 
0.51 
0.25 
3.30 
0.53 
0.81 
24.33 
24.33 
1.27 
23.62 
23.62 
25.27 
25.27 
1.22 
0.51 
1.44 
0.18 
0.18 
0.10 
2.'6 
2.16 
4.19 
0.33 
0.66 
24.'3 
24.13 
22.61 
22.61 
25.02 
25.02 
1.07 
1.02 


45· 


inches 0.180 0.020 
0.01 
0.13 
0.021 0.032 
0.958 
0.958 
0.05 
0.930 
0.930 
0.995 0.995 
0.048 
0.020 0.057 
0.007 0.007 
0.004 
0.165 
0.013 0.026 
0.950 
0.950 
0.890 
0.890 
0.985 0.985 
0.042 
0.040 
0.085 
0.085 


Note 


1. Plastic or metaJ protrusions 
of 0.01 
inches maximum 
per side are not included. 
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~ 
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5, 


scale 


UNIT 
A 
A, 
A3 
A. 
bp 
b, 
0(') 
El') 
e 
eo 
eE 
Ho 
HE 
k 
SI 
Lp 
v 
w 
y 
ZO(1) ZE(') ~ 
min. 
max. 
max. 
max. 


mm 
4.57 
0.13 
0.25 
3.05 
0.53 
0.81 
24.33 24.33 
1.27 
23.82 23.82 25.27 25.27 
1.22 
15.34 
1.44 
0.18 
0.18 
0.10 
4.19 
0.33 
0.88 
24.13 
24.13 
22.61 
22.81 25.02 25.02 
1.07 
15.19 
1.02 
2.08 
2.06 


45· 


inches 
0.180 
0.005 
0.01 
0.12 
0.021 0.032 
0.958 0.958 
0.05 
0.930 0.930 0.995 0.995 0.048 0.804 0.057 0.007 0.007 
0.004 
0.185 
0.013 0.028 
0.950 0.950 
0.890 0.890 0.985 0.985 0.042 0.598 0.040 
0.081 0.081 


Note 


1. Plastic or metal protrusions 
of 0.01 
inches 
maximum 
per side are not included. 


/+/ 
" 


I 
\ 


- 
-i 


\ 
/ 


" 
••••• ...!... .••••/ 
-+- 


~ 
/"- 
.025 (0.64) 
MIN. 


(4 PLACES) 


I 
.085 (2.16) 
I-- .065 (1.65) 


NOTES: 


1. Controlling Dimensions: Inches 
Millimeters are shown in parenthesis. 


2. Dimension and tolerancing per ANSI 
Y14.5M-1982 


& When a window lid is used, the overall 
package thickness must increase by 
a minimum of .010 inch (O.25mm) 
and a maximum of .040 inch (1.020mm). 


..• 
-0 
~ 
"U 
E; 
-C' 
0 
Q) 
VI 
0 
0 
(f) 
CD 
" 
3 
Q) 
1;- 


01 
CO 
0 
ep 
::J 


(t) 
a. 


'tI 
c: 
0 
!l 
Z 
0 
C 
iil 
0 
~ 
::t 
So 
=ij 
(t) 
0 
CIl 
:t>o 
:u 
:uin 
.:u 
c.. 
m 
mz 
C 
~ 
~0 
~ 
C) 
m 


I 
I 
I 
I 
----+---- 
I 


I 
.5)7 pin 1td8X 


~ 


4~-l~ 
G 
bp 


D 


HD 


UNIT 
A 
A, 
A. 
A3 
bp 
C 
D(1) 
E(') 
Ho 
HE 
L 
Lp 
ZO(') 
ZE(') 
mol<. 
e 
Q 
v 
w 
y 
9 


mm 
2.10 
0.25 
1.95 
0.25 
0.40 
0.25 
10.1 
10.1 
12.9 
12.9 
0.95 
0.95 
1.2 
1.2 
10· 
0.8 
1.3 
0.15 
0.15 
0.1 
0.05 
1.65 
0.20 
0.14 
9.9 
9.9 
12.3 
12.3 
0.55 
0.75 
0.8 
0.8 
o· 


Note 


1. Plastic or metal protrusions 
of 0.25 
mm maximum 
per side are not included. 


OUTLINE 
REFERENCES 
EUROPEAN 
VERSION 
IEC 
I 
I 
I 
PROJECTION 
ISSUE 
DATE 
JEDEC 
EIAJ 


SOT307-2 
I 
T 
I 
-E3-~ 
-92-+++1- 
95.Q2-<l4 


5 
! 
scale 


UNIT 
A 
A, 
A2 
A3 
bp I 
c 
0(') 
E(l) 
e 
HO 
HE 
L 
Lp I 
Q 
v 
w 
ZO(I) 
ZE(') 
9 
mel<. 
y 


mm 
2.60 
0.25 
2.3 
0.25 
0.50 
0.25 
14.1 
14.1 
1 
19.2 
19.2 
2.35 
2.0 
1.2 
0.3 
0.15 
2.4 
2.4 
7° 
0.05 
2.1 
0.35 
0.14 
13.9 
13.9 
18.2 
18.2 
1.2 
0.9 
0.1 
1.8 
1.8 
0° 


Note 


1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 


A 
0(1) 
E(l) 
IZo(l) 
ZE(l) 
UNIT 
max. 
Al 
A2 
A3 
bp 
C 
• 
Ho 
HE 
L 
Lp 
Q 
V 
w 
y 
6 


mm 
1.60 
0.15 
1.45 
0.25 
0.45 
0.20 
10.10 
10.10 
0.60 
12.15 
12.15 
1.0 
0.75 
0.70 
1.14 
1.14 
7° 
0.05 
1.35 
0.30 
0.12 
9.90 
9.90 
11.65 
11.85 
0.45 
0.57 
0.20 
0.20 
0.10 
0.65 
0.65 
0° 


Nol. 


1. Plastic or metal protrusions 
of 0.25 
mm maximum 
per side are not included. 


Ol1TLlNE 
REFERENCES 
EUROPEAN 


VERSION 
I 
I 
1 
PROJECTION 
ISSUE 
DATE 


IEC 
JEDEC 
E1AJ 


SOT389-1 
I 
I 
I 
-E3~ 


95-12-19 


5 
I 
scale 


UNIT 
A 
A, 
A2 
A3 
bp 
C 
0(1) 
E(l) 
• 
Ho 
HE 
L 
Lp 
Q 
ZO(l) 
ZE(l) 
6 
mox. 
v 
w 
y 


mm 
3.2 
0.30 
2.85 
0.25 
0.50 
0.25 
20.1 
14.1 
1 
25.2 
19.2 
2.35 
1.55 
1.45 
1.2 
1.2 
7° 
0.05 
2.65 
0.35 
0.14 
19.9 
13.9 
24.2 
18.2 
0.85 
1.15 
0.3 
0.15 
0.1 
0.8 
0.8 
0° 


Note 


1. Plastic or metal protrusions 
of 0.25 mm maximum per side are not included. 


OUTUNE 
REFERENCES 
EUROPEAN 


VERSION 
I 
I 
I 
PROJECTION 
ISSUE 
DATE 
IEC 
JEOEC 
ElAJ 


SOT208-1 
133E02C 
I 
I 
I 
-E:3~ 


-92-1++1- 
95-02-04 


UNIT 
A 
A, 
A2 
A3 
bp 
0(1) 
Ell) 
Ho 
ZO(l) 
ZE(1) 
max. 
c 
e 
HE 
L 
Lp 
Q 
V 
w 
y 
a 


mm 
3.20 
0.25 
2.90 
0.25 
0.50 
0.25 
20.1 
14.1 
24.2 
18.2 
1.0 
1.4 
1.2 
1.2 
7° 
1 
1.95 
0.2 
0.2 
0.1 
0.05 
2.65 
0.35 
0.14 
19.9 
13.9 
23.6 
17.6 
0.6 
1.2 
0.8 
0.8 
0° 


Note 


1. Plastic or metal protrusions of 0.25 mm maximum 
per side are not included. 


T~).~ 
'= 
®" __/ 
fdJ ~ 
l\", 


I 
I 
I 
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E 
HE 


I 
I 
I 


5I 


scale 


UNIT 
A 
A, 
A. 
A3 
bp 
C 
0(1) 
E(l) 
• 
HO 
HE 
L 
Lp 
Q 
ZO(l) 
ZE(l) 
max. 
V 
w 
y 
a 


mm 
3.4 
0.2 
3.2 
0.25 
0.45 
0.25 
20.1 
14.1 
0.8 
23.6 
17.6 
1.1 
1.55 
1.0 
1.2 
7° 


0 
2.8 
0.30 
0.14 
19.9 
13.9 
22.8 
16.8 
1.6 
0.5 
1.25 
0.3 
0.15 
0.1 
0.6 
0.8 
0° 


Note 


1. Plastic or metal protrusions 
of 0.25 
mm maximum 
per side are not included. 


OUTUNE 
REFERENCES 
EUROPEAN 


VERSION 
I 
I 
I 
PROJECTION 
ISSUEOATE 
IEC 
JEOEC 
EIAJ 


SOT31O-1 
I 
I 
I 
E3~ -- 
95-02-04 


QFP80: 
plastic quad flat package; 
80 leads (lead length 1.95 mm); body 14 x 20 x 2.7 mm; high stand-off height 


UNIT 
A 
A, 
A2 
A3 
bp 
C 
0(1) 
E(l) 
e 
He 
HE 
L 
Lp 
Q 
v 
w 
Ze(l) 
ZE(l) 
e 
mall. 
y 


mm 
3.3 
0.36 
2.87 
0.25 
0.45 
0.25 
20.1 
14.1 
0.8 
24.2 
18.2 
1.95 
1.0 
1.43 
0.2 
0.2 
1.0 
1.2 
7° 
0.10 
2.57 
0.30 
0.13 
19.9 
13.9 
23.6 
17.6 
0.6 
1.23 
0.1 
0.6 
0.8 
0° 


Note 


1. Plastic or metal protrusions 
of 0.25 mm maximum 
per side are not included. 


OUTUNE 
REFERENCES 
EUROPEAN 


VERSION 
I 
I 
I 


PROJECTION 
ISSUE DATE 


IEC 
JEOEC 
EIAJ 


SOT318·1 
I 
I 
I 
E3~ - 
95-02-04 


UNIT 
A 
A, 
A2 
A3 
bp 
C 
0(1) 
E(l) 
e 
Ho 
He 
L 
Lp 
Q 
ZO(l) 
Ze(l) 
6 
max. 
v 
w 
y 


mm 
3.2 
0.25 
2.90 
0.25 
0.45 
0.25 
20.1 
14.1 
0.8 
24.2 
18.2 
1.95 
1.0 
1.4 
1.0 
1.2 
7° 
0.05 
2.65 
0.30 
0.14 
19.9 
13.9 
23.6 
17.6 
0.6 
1.2 
0.2 
0.2 
0.1 
0.6 
0.8 
0° 


Note 


1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 


OUTLINE 
REFERENCES 
EUROPEAN 


VERSION 
I 
I 
I 
PROJECTION 
ISSUE DATE 
IEC 
JEOEC 
EIAJ 


SOT318-2 
I 
I 
I 
E3{Q) 
~ 
95-02-04 


~ 


17.65 (0.695) 


17.40 (0.685) 


~ 
16.89 (0.665) 


• 
16.00 (0.630 


1.02 (0.040) X 45" 
t-- 
~ 


CHAMFER 
I ~ 
45 


.£!J-. 


16.89 (0.665) 


16.00 (0.630) 
U& 


SEATING 
PLANE 


SEE oETAILB 


45°TYP. 


1.52 (0.060) 
REF. 
4 PLACES 


~ 
1.02 ± 0.25 (0.040 ± 0.010) 


~ 
f-- 0.482 
(0.019 ± 0.002) 


SEATING 
PLANE 
DETAIL A 
TYP. ALL SIDES 
mm/(inch) 


NOTES: 
1. All dimensions and tolerances to conform 
to ANSI Y14.5-1982. 
& UV window is optional. 
& Dimensions do not include glass protrusion . 


Glass protrusion to be 0.005 inches maximum 
on each side. 
4. Controlling dimension millimeters. 


5. All dimensions and tolerances include 
lead trim offset and lead plating finish. 


LID. Backside solder relief is optional 
and 
dimensions are for reference only. 


0.076 
(0.003) 
MIN. 
-L 
! 


~ 
§ 
t= 
25,27 
(0,995) 
" 
25,02 
(0,985) 
~ ii-- 1.02 (0,040) 
X 45· 


CHAMFER 
I ~ 


45 


25,27(0,995) 
~ 


25.02 
(0,985) 


"1~ 
I 
H 
64X 
t 


t 
SEEDETAILA 
~ 
f.-- 20,32 
(0,800) 
NOMINAL-----! 


11.94 (0,4701 
I 
11,94 (0,4701 


11,18 (0,440) --t+- 
11.18 (0,440) 


24,51 (0,965)If' 


4,83(0,190) 
I 
L 
SEATING 
3,94 (0.155) -+---j - 
PLANE 


45·TYP, 
1,52 (0.060) 
REF, 
4 PLACES 


~ 
1,02.0.25 
(0,040.0,010)n 
f-- 0.482 
(0,019.0,002) 
SEATING 
PLANE 
DETAIL A 
TYP. ALL SIDES 
mm/(Inch) 


NOTES: 
1. All dimensions and tolerances to confonT! 
to ANSI Y14.5-1982, 
£ UV window is optional. 
Lt Dimensions do not include glass protrusion. 


Glass protrusion to be 0.005 inches maximum 
on each side, 


4. Controlling dimension millimeters. 


5, All dimensions and tolerances include 
lead trim offset and lead plating finish. 


LID, Backside solder relief is optional 
and 
dimensions are for reference only, 


0,25 (0,010) 
R MIN, 


0,15 (0,006) 
MIN, 


A 


-'\~ 


I 


\. 
/ 


----HE--'----:-~--;--I-v 
@-!A-I 


UNIT 
A 
A, 
A2 
A3 
bp 
0(1) 
E(2) 
HE 
L 
Lp 
Q 
Zl') 
8 
mIX. 
c 
e 
y 
w 
y 


mm 
1.75 
0.25 
1.45 
0.25 
0.49 
0.25 
5.0 
4.0 
1.27 
6.2 
1.05 
1.0 
0.7 
0.25 
0.25 
0.1 
0.7 


0.10 
1.25 
0.36 
0.19 
4.8 
3.8 
5.8 
0.4 
0.6 
0.3 
8° 


0.0098 
0.057 
0.019 
0.0098 
0.20 
0.16 
0.24 
0.039 
0.028 
0.028 
0° 
inches 
0.069 
0.0039 
0.049 
0.01 
0.014 
0.0075 
0.19 
0.15 
0.050 
0.23 
0.041 
0.016 
0.024 
0.01 
0.01 
0.004 
0.012 


Note. 


1. Plastic or metal protrusions of 0.15 mm maximum per side are not included. 


2. Plasttc: or metal protrusions 
of 0.25 mm maximum 
per side are not included. 


5, 


scale 


cL 
'1_. ---HE 


UNIT 
A 
A, 
A2 
A3 
bp 
0(') 
E(l) 
Z(') 
mIX. 
c 
• 
HE 
L 
Lp 
Q 
y 
w 
y 
e 


mm 
2.65 
0.30 
2.45 
0.25 
0.49 
0.32 
'8.' 
7.6 
1.27 
10.65 
1.4 
1.1 
1.1 
0.25 
0.25 
0.1 
0.9 
0.10 
2.25 
0.36 
0.23 
17.7 
7.4 
10.00 
0.4 
1.0 
0.4 
8· 


inches 
0.10 
0.012 
0.096 
0.019 
0.013 
0.71 
0.30 
0.42 
0.043 
0.043 
0.035 
O· 


0.004 
0.089 
0.01 
0.014 
0.009 
0.69 
0.29 
0.050 
0.39 
0.055 
0.016 
0.039 
0.01 
0.Q1 
0.004 
0.016 


Note 


1. P1astic or metal 
protrusions 
of 0.15 mm maximum 
per side are not included. 


OUTUNE 
REFERENCES 
EUROPEAN 


VERSION 
I 
I 
I 
PROJECTION 
ISSUEOATE 
IEC 
JEOEC 
EIAJ 


SOT136·1 
075E06 
I 
MS-013AE 
I 
I 
E3$ -- 
95-Q1·24 


~ 
J_\'l(r~f 
1jo~YI 
+1. 
- 
" __1 


..• 
-------IHE------·.t-j--=--I-v-@~I-A-I 


UNIT 
A 
A, 
A. 
A. 
bp 
c 
01') 
EI21 
e 
HE 
L 
Lp 
Q 
V 
w 
Z(') 
e 
max. 
Y 


mm 
2.70 
0.3 
2.45 
0.25 
0.42 
0.22 
15.6 
7.6 
0.762 
12.3 
2.25 
1.7 
1.15 
0.2 
0.1 
0.1 
0.6 


0.1 
2.25 
0.30 
0.14 
15.2 
7.5 
11.8 
1.5 
1.05 
0.3 
7° 


0.012 
0.096 
0.017 
0.0087 
0.61 
0.30 
0.48 
0.067 
0.045 
0.024 
0° 
nches 
0.11 
0.004 
0.089 
0.010 
0.012 
0.0055 
0.60 
0.29 
0.03 
0.46 
0.089 
0.059 
0.041 
0.008 
0.004 
0.004 
0.012 


Note 


1. Plastic or metal 
protrusions 
of 0.4 mm maximum 
per side are not included. 


2. Plastic interlead 
protrusions 
of 0.25 
mm maximum 
per side are not included. 


I 


A~ 


t 


UNIT 
A 
A, 
A2 
A3 
bp 
0(1) 
E(2) 
HE 
L 
Lp 
Q 
Z(I) 
e 
max. 
c 
e 
V 
w 
y 


mm 
3.3 
0.3 
3.0 
0.25 
0.42 
0.22 
21.65 
11.1 
0.75 
15.8 
2.25 
1.6 
1.45 
0.2 
0.1 
0.1 
0.90 
0.1 
2.8 
0.30 
0.14 
21.35 
11.0 
15.2 
1.4 
1.30 
0.55 
7° 


0.012 
0.12 
0.017 
0.0087 
0.85 
0.44 
0.62 
0.063 
0.057 
0.035 
0° 
inches 
0.13 
0.004 
0.11 
0.01 
0.012 
0.0055 
0.84 
0.43 
0.03 
0.60 
0.089 
0.055 
0.051 
0.008 
0.004 
0.004 
0.022 


Note 


1. Plastic or metal protrusions 
of 0.3 mm maximum 
per side are not included. 


2. Plastic interlead protrusions of 0.25 mm maximum per side are not included. 


OUTLINE 
REFERENCES 
EUROPEAN 


VERSION 
I 
I 
I 
PROJECTION 
ISSUE 
DATE 


IEC 
JEOEC 
EIAJ 


SOT190-1 
I 
I 
I 
E3($) 


-9l!-++-+1- 
96-{)4-Q2 


I 
--------+-------- 
I 


UNIT 
A 
A, 
A2 
A3 
bp 
0(1) 
E(l) 
Z(1) 
max. 
c 
e 
HE 
L 
Lp 
Q 
V 
w 
y 
e 


mm 
2.0 
0.21 
1.80 
0.25 
0.38 
0.20 
8.4 
5.4 
7.9 
1.03 
0.9 
0.8 
80 


0.65 
1.25 
0.2 
0.13 
0.1 
0.05 
1.65 
0.25 
0.09 
8.0 
5.2 
7.6 
0.63 
0.7 
0.4 
0° 


NOle 


1. Plastic or metal protrusions of 0.20 mm maximum per side are not included. 


OUTUNE 
REFERENCES 
EUROPEAN 
VERSION 
IEC 
T 
I 
I 
PROJECTION 
ISSUE DATE 
JEOEC 
EIAJ 


SOT340-1 
I 
MO-150AG 
I 
I 
-E3~ .- 
95-o2-ll4 


I 


I 
---------+--------- 


I 
3index 


UNIT 
A 
A, 
A2 
A3 
bp 
0(11 
E(I) 
Z(I) 
max. 
c 
e 
HE 
L 
Lp 
Q 
y 
w 
y 
6 


mm 
2.0 
0.21 
I.BO 
0.25 
0.36 
0.20 
10.4 
5.4 
0.65 
7.9 
1.25 
1.03 
0.9 
1.1 
BO 


0.05 
1.65 
0.25 
0.09 
10.0 
5.2 
7.6 
0.63 
0.7 
0.2 
0.13 
0.1 
0.7 
0° 


Not. 


1. Plastic or metal 
protrusions 
of 0.20 
mm maximum 
per side are not included. 


80C51-Based 
8-Bit Microcontrollers 


Section 6 
Data Handbook System 


DATA HANDBOOK 
SYSTEM 


Philips Semiconductors data handbooks contain all pertinent 
data available at the time of publication and each is revised 
and reissued regularly. 


Loose data sheets are sent to subscribers to keep them 
up-to-date on additions or alterations made during the 
lifetime of a data handbook. 


Catalogs are available for selected product ranges (some 
catalogs are also on floppy discs). 


Our data handbook titles are listed here. 


IC06 


IC11 


IC12 


IC13 


IC14 


IC15 


IC16 


IC1? 


IC18 


IC19 


IC20 


IC22 


IC23 


IC24 


IC25 


Integrated 
Circuits 


Book 
Title 


IC01 


IC02 


IC03 


IC04 


IC05 


Semiconductors for Radio and Audio Systems 


Semiconductors for Television and Video Systems 


Semiconductors for Wired Telecom Systems 


HE4000B Logic Family CMOS 


Advanced Low-power Schottky (ALS) Logic 
Products 


High-speed CMOS Logic Family 


General-purpose/Linear ICs 


12C Peripherals 


Programmable Logic Devices (PLD) 


8048-based 8-bit Microcontrollers 


FAST TIL Logic Series 


CMOS ICs for Clocks and Watches 


Semiconductors for Wireless Communications 


Semiconductors for In-Car Electronics 


ICs for Data Communications 


80C51-based 8-bit Microcontrollers 


Desktop Video 


BiCMOS Bus Interface Logic 


Low Voltage CMOS & BiCMOS Logic 


16-bit 80C51XA Microcontrollers 
(eXtended Architecture) 


IC Package Databook 


Discrete 
Semiconductors 


Book 
Title 


SC01 
Diodes 


SC02 
Power Diodes 


SC03 
Thyristors and Triacs 


SC04 
Small-signal Transistors 


SC05 
Video Transistors and Modules for Monitors 


SC06 
High-voltage and Switching NPN Power 
Transistors 


SCO? 
Small-signal Field-effect Transistors 


SC08a 
RF Power Transistors for HF and VHF 


SC08b 


SC09 


SC13 


RF Power Transistors for UHF 


RF Power Modules 


Power MOS Transistors 
including TOPFETs and IGBTs 


RF Wideband Transistors 


Microwave Transistors (new version planned) 


Wideband Hybrid IC Modules 


Semiconductor Sensors 


SC14 


SC15 


SC16 


SC17 


Professional 
Components 


PC06 
Circulators and Isolators 


MORE INFORMATION 
FROM PHILIPS 
SEMICONDUCTORS? 
For more information about Philips Semiconductors data 
handbooks, catalogs and subscriptions, contact your nearest 
Philips Semiconductors national organization, select from 
the address 
list on the back 
cover 
of this handbook. 


Product specialists are at your service and inquiries are 
answered promptly. 


OVERVIEW 
OF PHILIPS 
COMPONENTS 
DATA HANDBOOKS 
Our sister product division, Philips Components, also has a 
comprehensive data handbook system to support their 
products. Their data handbook titles are listed here. 


Display 
Components 


Book 
Title 


DC01 
Colour TV Picture Tubes and Assemblies 
Colour Monitor Tubes 


DC02 
Monochrome Monitor Tubes and Deflection Units 


DC03 
Television Tuners, Coaxial Aerial Input 
Assemblies 


DC05 
Flyback Transformers, Mains Transformers and 
General-purpose FXC Assemblies 


Magnetic 
Products 


MAOl 
Soft Ferrites 


MA03 
Piezoelectric Ceramics 
Specialty Ferrites 


MA04 
Dry-reed Switches 


Passive 
Components 


PAOl 
Electrolytic Capacitors 


PA02 
Varistors, Thermistors and Sensors 


PA03 
Potentiometers 


PA04 
Variable Capacitors 


PA05 
Film Capacitors 


PA06 
Ceramic Capacitors 


PAO? 
Quartz Crystals for Special and Industrial 
Applications 


PA08 
Fixed Resistors 


PA10 
Quartz Crystals for Automotive and Standard 
Applications 


PAll 
Quartz Oscillators 


Professional 
Components 


PC04 
Photo Multipliers 


PC05 
Plumbicon Camera Tubes and Accessories 


PCO? 
Vidicon and Newvicon Camera Tubes and 
Deflection Units 


PC08 
Image Intensifiers 


PC12 
Electron MUltipliers 


MORE INFORMATION 
FROM PHILIPS 


COMPONENTS? 
For more information contact your nearest Philips 
Components national organizaiton shown in the following list. 


Argentina: 
BUENOS AIRES, Tel. (541)7867635, 
Fax. (541)786 9367. 


Australia: 
NORTH RYDE, Tel. (02)98054455, 
Fax. (02)9805 4466. 


Austria: 
WIEN, Tel. (01)601011820, 
Fax. (01)601 0112 
12. 


Belgium: 
NL EINDHOVEN, Tel. (31)40 2783 749, Fax. (31)402788399. 


Brazil: SAO PAULO, Tel. (011)821 2333, Fax (011)8291849. 


Canada: SCARBOROUGH, 
Tel. (0416)292 5161, Fax. (0416)754 6248. 


Chile: SANTIAGO, Tel. (02)77 3816, 
Fax. (02)735 3594. 


China (Peoples Republic ofj: SHANGHAI, Tel. (21)3264141, 
Fax. (21)320 2160. 


Columbia: 
BOGOTA, Tel. (571)248 5571, Fax (571)217 4549. 


Denmark: 
COPENHAGEN, 
Tel. (032)883333, 
Fax. (031)571 949. 


Finland: 
ESPOO, Tel. (9)0-5615 800, Fax. (9)0-615 80920. 


France: SURESNES, Tel. (01)4099 6161, Fax, (01)4099 6431. 


Germany: 
HAMBURG, Tel. (040)3296-0, 
Fax. (040)3296 213. 


Greece: TAVROS, Tel. (01)4894339/(01)4894911, 
Fax. (01)481 5180. 


Hong Kong: KWAI CHUNG, Tel. (852)2784 3000, Fax. (852)2784 3003. 


India: BOMBAY, Tel. (022)4938 541, Fax. (022)4938 722. 


Indonesia: 
JAKARTA, Tel. (021)5201122, 
Fax. (021)5205189. 


Ireland: 
DUBLIN, Tel. (01)7640203, 
Fax. (01)7640 
210. 


Israel: TEL AVIV, Tel (03)6450 444, Fax. (03)491 007. 


Italy: MILANO, Tel. (02)67522531, 
Fax. (02)6752 2557. 


Japan: TOKIO, Tel. (03)3740 5143, Fax. (03)3740 5035. 


Korea (Republic ofj: SEOUL, Tel. (02)709-1412, 
Fax. (02)709-1479. 


Malaysia: 
KUALA LUMPUR, Tel. (03)757 5511, Fax. (03)7574880. 


Mexico: 
EL PASO, Tel. (915)7724020, 
Fax. (915)7724332. 


Netherlands: 
EINDHOVEN, Tel. (040)2783 749, Fax. (040)2788 399. 


New Zealand: 
AUKLAND, Tel. (09)849-4160, 
Fax. (09)849-7811. 


Norway: 
OSLO, Tel. (22)748000, 
Fax (22)74 8341. 


Pakistan: 
KARACHI, Tel. (021)5874641-49, 
Fax. (021)57703515874546. 


Philippines: 
MANILA, Tel. (02)810-0161, 
Fax. (02)817-3474. 


Portugal: 
L1NDA-A-VELHA, Tel. (01)416316014163333, 
Fax. (01)4163174/4163366. 


Singapore: 
SINGAPORE, Tel. (65)3502000, 
Fax. (65)355 1758. 


South Africa: 
JOHANNESBURG, 
Tel. (011)470-5911, 
Fax. (011)470-5494. 


Spain: BARCELONA, 
Tel. (93)301 
6312, Fax. (93)301 4243. 


Sweden: 
STOCKHOLM, Tel. (08)632 2000, Fax. (08)6322745. 


Switzerland: 
ZORICH, Tel. (01)488 2211, Fax. (01) 4817730. 


Taiwan: TAIPEI, Tel. (02)388 7666, Fax. (02)382 4382. 


Thailand: 
BANGKOK, Tel. (66)2 745 4090, Fax. (66)2 398 0793. 


Turkey: 
ISTANBUL, Tel. (0212)2792770, 
Fax. (0212)2826707. 


Un~ed Kingdom: 
DORKING, Surrey, Tel. (01306)512000, 
Fax. (01306)512345. 


Un~ed Slales: 
JUPITER, Tel. (407)744 4200, Fax, (407)743 2113. 


Uruguay: 
MONTEVIDEO, 
Tel. (02)704 044, Fax (02)920 601. 


Intemet: 
http11www.semiconductors.philips.comlpsl 


For all other countries apply 10: 
Philips 
Components. 


Marketing Communications, 
P.O. Box 218, 
5600 MD, EINDHOVEN, The Netherlands 


Telex 35000 phlcnl, Fax. +31-40-2724547. 


80C31/80C51/87C51, 
83C508/87C508, 
80C652183C652187C652*, 


83C654/87C654*,80C851/83C851 


P1.0 
VDD 


VCC 
PO.OIADO 


P1.2 
PO.1/AD1 
PO.1/AD1 
PO.21AD2 
PO.21AD2 


P1.4 
PO.31AD3 
PO.31AD3 
PO.41AD4 
PO.41AD4 


PO.51AD5 
PO.5IAD5 


SDAlP1.7 
PO.6/AD6 
PO.6/AD6 


PO.7/AD7 
PO.7/AD7 


EXlVpP 
lOA 


N.C. 


PSlN 
TxDlP3.1 
ALE 


P2.7/A15 
PSlN 


P2.6/A14 
P2.7/A15 


P2.51A13 
TOIP3.4 
P2.61A14 


P2.41A12 
P2.51A13 


P2.31A11 
WRIP3.6 
P2.41A12 


P2.21A10 
P2.31A11 


P2.1/Ai 
XTAL2 
P2.21A10 


P2.OIA8 
XTAL1 
P2.1/A9 


VSS 
P2.OIA8 


0 
33 


3i 
QUAD 
FLAT 
PACK 


11 
23 


17 
29 


12 
22 


18 
28 
Pin 
Function 
Pin 
Function 


Pin 
Function 
Pin 
Function 
1 
P1.5 
23 
P2.51A13 


1 
He 
23 
NC 
2 
P1.6 
24 
P2.61A14 


2 
PLO 
24 
P2.OIAB 
3 
Pl.? 
25 
P2.7/A15 


3 
Pl.1 
25 
P2.lIA9 
4 
RST 
26 
PSER 


4 
P1.2 
26 
P2.21A10 
5 
P3.OIRxD 
27 
ALEJI'ROO 


5 
P1.3 
27 
P2.31A1' 
6 
NC 
28 
NC 


6 
P1.4 
28 
P2.41A12 
7 
P3.1/TxD 
29 
EXlVpp 


7 
P1.5 
29 
P2.51A13 
8 
P3.2ITIlTll 
30 
PO.7/AD7 


8 
P1.6 
30 
P2.61A14 
9 
P3.3II"mT 
31 
PO.61AD6 


9 
Pl.? 
3' 
P2.7/A15 
10 
P3.4ITO 
32 
PO.51AD5 


'0 
RST 
32 
PSER 
11 
P3.5IT1 
33 
PO.4/AD4 


11 
P3.OIAxD 
33 
AI..EII'ROO 
12 
P3.6IWR 
34 
PO.3IAD3 


12 
NC 
34 
NC 
13 
P3.7Jm 
35 
PO.21AD2 


13 
P3.1fTxO 
35 
EXlVpp 
14 
XTAL2 
36 
PO.l/AD1 


14 
P3.2ITIlTll 
36 
PO.l/AD? 
15 
XTAl1 
37 
PO.OIADO 


15 
P3.3II"mT 
37 
PO.61AD6 
16 
VSS 
36 
VCC 
16 
P3.4ITO 
38 
PO.5/AD5 
17 
NC 
39 
NC 


17 
P3.5IT1 
39 
PO.41AD4 
18 
P2.OIAS 
40 
Pl.D 


18 
P3.6IWR 
40 
PO.31AD3 
19 
P2.lIA9 
4' 
Pl.1 


19 
P3.7/RO 
41 
PO.21AD2 
20 
P2.2JA10 
42 
Pl.2 


20 
XTAL2 
42 
PO.lIAD' 
21 
P2.31A11 
43 
P1.3 


21 
XTAL1 
43 
PO.OIADO 
22 
P2.41A12 
44 
Pl.4 


22 
vSS 
44 
VCC 


P1.6 and P1.7 have the alternate functions SCl and SDA, respectively, on the 80C652183C652187C652 and 83C654/87C654. 


NOTES TO QFP ONLY: 
1. 
Due to EMC improvements, 
it is advised to connect pins 6, 16,28, 39 to Vss on the 80C652183C652, and 83C654. 
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83C51 FAl87C51 FA, 83C51 FB/87C51 FB, 83C51 FC/87C51 FC, 87L51FAl87L 51FB,80C5~87C58 


44 
34 


33 


11 
23 


12 
22 


Pin 
Function 
Pln 
Function 
1 
P1.5ICEX2 
23 
P2.51A13 


2 
P1.6ICEX3 
24 
P2.61A14 


3 
P1.7/CEX4 
25 
P2.7/A15 
4 
RST 
26 
PSElQ 


5 
P3.MlxD 
27 
ALEJI'ROO 


6 
NC 
28 
NC 


7 
P3.1fTxD 
29 
~PP 
8 
P3.2I1Irnl 
30 
PO.7IAD7 
9 
P3.3IImT 
31 
PO.61AD6 


10 
P3.4fT0 
32 
PO.51AD5 


11 
P3.5fT1 
33 
PO.41AD4 


12 
P3.&WR 
34 
PO.31AD3 


13 
P3.71RU 
35 
PO.21AD2 


14 
XTAl2 
36 
PO.l/AD1 
15 
XTAU 
37 
PO.OIADO 


16 
VSS 
38 
VCC 


17 
NC 
39 
NC 
18 
P2.OIA8 
40 
P1.O/T2 


19 
P2.1IA9 
41 
P1.1fT2EX 


20 
P2.21A10 
42 
P1.2lECI 


21 
P2.31A11 
43 
P1.3/CEXO 
22 
P2.41A12 
44 
P1.4ICEX1 


VCC 


PO.OIADO 


PO.21AD2 


PO.31AD3 


PO.41AD4 
17 


PO.51ADS 
18 
PO.61AD6 


PO.7/AD7 


~PP 
Pin 
Function 


1 
NC 


ALEJI'ROO 


2 
P1.O/T2 
3 
P1.1fT2EX 


PSElQ 


4 
P1.2lECI 
5 
Pl.3ICEX0 
6 
P1.4ICEX1 


P2.7/A15 
7 
P1.5ICEX2 
8 
P1.6ICEX3 


P2.61A14 
9 
P1.7/CEX4 


10 
RST 
P2.51A13 
11 
P3.OIRxO 
12 
NC 
P2.4/A12 
13 
P3.1rrxD 


P2.31A'1 
14 
P3.2I1Irnl 
15 
P3.3IImT 


P2.21A10 
16 
P3.4fTO 
17 
P3.5fT1 


P2.lIA9 
18 
P3.&WR 
19 
P3.71RU 


P2.OIAB 
20 
XTAl2 
21 
XTAL1 


22 
VSS 


29 


28 


Pin 
FunctJon 


23 
NC 


24 
P2.OIAB 


25 
P2.1IA9 


26 
P2.2JA10 


27 
P2.31All 
28 
P2.41A12 


29 
P2.51A13 


30 
P2.61A14 


31 
P2.7/A15 


32 
PSElQ 
33 
ALEII'ROG 


34 
NC 


35 
~PP 


36 
PO.7/AD7 
37 
PO.61AD6 


38 
PO.51AD5 


39 
PO.41AD4 
40 
PO.31AD3 
41 
PO.21AD2 
42 
PO.1IAD1 
43 
PO.OIADO 


44 
VCC 


Pl.511RT7 


Pl.6IIIll'8 


P1.7J1R1'1 


RST 


P3.OiRXD 


NC 


P3.1ITXD 


P3.211Rl1l 


P3.311fl'11 


P3.4fTO 


P3.5fTl 


PQ.4/AD4 


PO.5IAD5 


PO.61AD8 


PO.7/AD7 


EX 


NC 


ALE 


PSEIl 


P2.7/A1S 


P2.61A14 


P2.51A13 


80CL31/80CL51 


1RT2IP1.0 
1 
VOO 


11'lT!IP1.l 
PO.WAOO 


JRnIp1.2 
3 
PO.l/AD1 


lNTSIP1.3 
4 
3 
PO.21AD2 


1NT&'P1.4 
5 
PO.31AD3 


1RT71P1.5 
PO.41AD4 


lIlTIpl.6 
7 
PO.5IADS 


PO.61AD8 


3 
PO.7/AD7 


RXDlDATAIP3.0 
1 
EX 


TXDlCLOCKIP3.1 
ALE 


1R1UIP3.2 
1 
PSEIl 


IRTTP3.3 
1 
P2.7/A15 


TOP3.4 
P2.61A14 


T1P3.5 
1 
P2.51A13 


WIlP3.6 
1 
P2.41A12 


llDP3.7 
1 
P2.31All 


XTAL2 
1 
P2.21Al0 


P2.1/A9 


VSS 
P2.WA8 
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82C150 
82C200 
PCA82C250 


A04 
Rs 


TXl 
ALE 
AD3 
CANH 


TXO 
AD2 
CANL 


P5 
TEST 
ADI 
V,., 


RXI 
VOOI 


Voo, 
RXO 
Vss1 
VSS2 


REF 
RXO 


Pl0 
V002 
MODE 
VOO2 


P16 
RST 


P15 
1m 


P14 
VS53 


80CL41 O/83CL41 O· 
83C055/87C055 


44 
34 


VDD 


PO.lI/ADO 
P3.7 
33 


PO.l/ADl 
P3.6 


PO.21AD2 
P3.5 


PO.3IAD3 
P3.4 


11 
23 


PO.41AD4 
P3.3IINTO 


PO.51ADS 
P3.2fTO 
12 
22 


PO.SlAD6 
P3.1nNTl 


PO.7/AD7 
P3.0 


Pin 
Function 
Pin 
Function 
RST 
EX 
1 
Pl.5IlNT7 
23 
P2.51AI3 
2 
Pl.6IINT8ISCL 
24 
P2.SlA14 
ALE 
3 
p1.7nNT9ISDA 
25 
P2.7/A15 


4 
RST 
26 
PSrn 


PSrn 
5 
P3.0 
27 
ALE 
XTAl1 


6 
NC 
28 
NC 


P2.7/A15 
7 
P3.1 
29 
EX 
SF 


8 
P3.2II1'I'T1l 
30 
PO.l/AD7 


P2.61A14 
9 
P3.3III'ITf 
31 
PO.SlAD6 
VCLK2 


10 
P3.4/TO 
32 
PO.51AD5 


11 
P3.5IT1 
33 
PO.41AD4 
VCLKI 


P2.51A13 
12 
P3.6IWR 
34 
PO.31AD3 


P2.41A12 
13 
P3.7/RU 
35 
PO.2IAD2 


14 
XTA12 
36 
PO.l/AD1 
HSYNC 
P2.3/All 
15 
XTALI 
37 
PO.OIADO 


16 
VSS 
38 
VDD 
VCTRL 
XTAl2 
P2.21Al0 
17 
NC 
39 
NC 


18 
P2.OIA8 
40 
Pl.tVINT2 
VID2 
XTAU 
P2.1/A9 
19 
P2.1/A9 
41 
Pl.1/1NT3 
20 
P2.2IA10 
42 
Pl.2nNT4 
P2.0 


P2.OIA8 
21 
P2.3/All 
43 
Pl.3IINT5 


VSS 
22 
P2.41A12 
44 
P1.4nNT6 


VSS 


P1.6 and P1.7 have the alternate 
functions SCL and SDA, respectively, on 
the 80CL41 O/83CL41 O. 


39 
33 


17 
29 
11 
23 


18 
28 
12 
22 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 
, 
NC 
23 
NC 
1 
Pl.5 
23 
P2.51A13 


2 
T2JP1.0 
24 
P2.0IA8 
2 
Pl.6 
24 
P2.61A14 


3 
T2EXlPl.1 
25 
P2.1/A9 
3 
Pl.7 
25 
P2.7/A15 


4 
Pl.2 
26 
P2.21Al0 
4 
RST 
26 
l'SEN 


5 
Pl.3 
27 
P2.3/Al1 
5 
RxD1P3.0 
27 
ALEIPROO 


6 
Pl.4 
28 
P2.4/A12 
6 
NC 
28 
NC 


7 
P1.5 
29 
P2.5IA13 
7 
TxD1P3.1 
29 
rnvpp 


8 
Pl.6 
30 
P2.61A14 
8 
1ImiIP3.2 
30 
PO.7tA07 


9 
Pl.7 
31 
P2.7tA15 
9 
lI'lTl1P3.3 
31 
PO.61A06 


10 
RST 
32 
l'SEN 
10 
TOIP3.4 
32 
PO.5IA05 


11 
Rx01P3.0 
33 
ALEIPROO 
11 
T11P3.5 
33 
PO.41A04 


12 
NC 
34 
NC 
12 
WRlP3.6 
34 
PO.31A03 


13 
TxD1P3.1 
35 
rnvpp 
13 
R01P3.7 
35 
PO.21A02 


14 
JmlltP3.2 
36 
PO.7/AD7 
14 
XTAL2 
36 
PO.1/A01 


15 
ImftP3.3 
37 
PO.61AD6 
15 
XTAll 
37 
PO.O/ADO 


16 
T0IP3.4 
38 
PO.51AD5 
16 
VSS 
38 
VCC 


17 
Tl1P3.5 
39 
PO.41AD4 
17 
NC 
39 
NC 


18 
WRlP3.6 
40 
PO.31A03 
18 
P2.O/AS 
40 
T2IP1.0 


19 
R01P3.7 
41 
PO.21A02 
19 
P2.1/A9 
41 
T2EXlPl.1 


20 
XTAL2 
42 
PO.l/AD1 
20 
P2.2JA10 
42 
Pl.2 


21 
XTAll 
43 
PO.O/ADO 
21 
P2.31Al1 
43 
P1.3 


22 
VSS 
44 
VCC 
22 
P2.41A12 
44 
P,.4 


P1.6 and P1.7 have the alternate functions SCL and SDA, respectively, on the B3C524/B7C524 
and BOC52B/B3C52B/B7C52B. 


PO.2IA02 


PO.31A03 


PO.41AD4 


PO.5/ADS 


PO.61AD6 


P2.7tA15 


P2.6IA14 


P2.5/A13 


P2.2IA10 


P2.1/A9 


VOO 


PO.QlADO 


P1.2 
PO.1/A01 


P1.3 
PO.21A02 


PO.31A03 


P1.5 
PO.41AD4 


PO.5/A05 


SOAIP1.7 
PO.6IAD6 


PO.7tA07 


RxD1P3.0 
EX 


N.C. 


TXO/P3.1 
ALE 


l'S'ER 


ImfiP3.3 
P2.7/A15 


P2.6IA14 


P2.5/A13 


WRiP3.8 
P2.41A12 


ROIP3.7 
P2.31A11 


P2.2IA10 


XTAL1 
P2.lIA9 


VSS 
P2.QlA8 
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P8XCE528 
80C451/83C451/87C451, 
80C453/83C453/87C453 


3. 
33 
61 


10 
60 


17 
20 
11 
23 
•• 
16 
21 
12 
22 
27 
43 


Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
V,S3 
23 
voo, 
1 
P1.5 
23 
P2.5/A13 


2 
P1.O/T2 
24 
P2.OIAS 
2 
P1.6ISCl 
24 
P2.61A14 
Pin 
Function 
Pin 
Function 


3 
P1.1fT2EX 
25 
P2.1IAS 
3 
P1.7/SDA 
25 
P2.7/A15 
1 
<AN" 
35 
RST 
4 
P1.2 
26 
P2.21A10 
4 
RST 
26 
I'SEfl 
2 
P2.OIAS 
36 
P3.0lRxO 


5 
P1.3 
27 
P2.31A11 
5 
P3.OIdatalRxD 
27 
ALE 
3 
P2.1/A9 
37 
P3.11TxD 


6 
P1.4 
28 
P2.41A12 
6 
V"", 
28 
VSS2 
4 
P2.21A10 
38 
P3.2ITFITO 


7 
Pl.5 
29 
P2.51A13 
7 
P3.1/clockfTxO 
29 
EJ( 
5 
P2.31A11 
39 
P3.3IINTf 


8 
P1.61SCl 
30 
P2.61A14 
8 
P3.2ITFITO 
30 
PO.7/AD7 
6 
P2.41A12 
40 
P3.4IT0 


9 
P1.7/SDA 
31 
P2.7/A15 
9 
P3.3IINTf 
3' 
PO.61AD6 
7 
P2.51A13 
41 
P3.5ITI 


10 
RST 
32 
I'SEfl 
10 
P3.4IT0 
32 
PO.51AD5 
8 
P2.61A14 
42 
P3.6IWR 


11 
P3.OIdala/RxO 
33 
ALEIWE 
11 
P3.5IT1 
33 
PO.4/AD4 
9 
P2.7/A15 
43 
P3.71lm 


12 
V"", 
34 
VSS2 
12 
P3.6IWR 
34 
PO.31AD3 
10 
PO.7/AD7 
44 
P5.0 


13 
P3.1/c:IocWTxO 
35 
EJ( 
13 
P3.71lm 
35 
PO.21AD2 
11 
PO.61AD6 
45 
P5.1 


14 
P3.2ITFITO 
36 
PO.7/AD7 
14 
XTAl2 
36 
PO.1IAD1 
'2 
PO.51AD5 
46 
PS.2 


15 
P3.3IINTf 
37 
PO.61AD6 
15 
XTAl1 
37 
PO.OIADO 
'3 
PO.4/AD4 
47 
PS.3 


16 
P3.4IT0 
38 
PO.51AD5 
16 
Vss, 
38 
VD02 
14 
PO.31AD3 
48 
P5.4 


17 
P3.5IT1 
39 
PO.41A04 
17 
Voo, 
39 
VSS3 


15 
PO.21AD2 
49 
P5.5 


18 
P3.6IWR 
40 
PO.31AD3 
18 
P2.OIAS 
40 
P1.O/T2 
16 
PO.l/ADl 
50 
P5.6 


'9 
P3.71lm 
41 
PO.21AD2 
19 
P2.1IA9 
41 
Pl.1fT2EX 
17 
PO.OIADO 
51 
P5.7 


20 
XTAl2 
42 
PO.1IADl 
20 
P2.21A,O 
42 
P1.2 
18 
Vcc 
52 
XTAl2 


21 
XTAL1 
43 
PO.OIADO 
21 


19 
P4.7 
53 
XTAL1 
P2.31Al1 
43 
P1.3 
20 
P4.6 
54 
Vss 
22 
VSSI 
44 
VD02 
22 
P2.41A12 
44 
Pl.4 


21 
P4.5 
55 
ODS 


22 
P4.4 
56 
!OS 


23 
P4.3 
57 
BFlAG 


24 
P4.2 
58 
AFLAG 


25 
P4.1 
59 
P6.a 


26 
P4.0 
60 
P6.1 


27 
Pl.0 
61 
P6.2 


28 
Pl.l 
62 
P6.3 


29 
Pl.2 
63 
P6.4 


30 
Pl.3 
64 
P6.5 


31 
PH 
65 
P6.6 


32 
P1.5 
66 
P6.7 


33 
P1.6 
67 
I'SEfl 


34 
Pl.7 
68 
Al.B'I'ROO 


3 
PO.21AD2 


PO.31AD3 


PO.6/AD6 


Pin 
Function 
Pln 
Function 
Pln 
Function 
Pln 
Function 


PO.7/AD7 
, 
P5.OIADCO 
35 
XTAL1 
1 
P4.1ICM$R1 
41 
P2.31A11 


EJWpp 
VDD 
36 
VSS 
2 
P4.2JCMSR2 
42 
P2.41A12 


3 
STADC 
37 
VSS 
3 
NC 
43 
NC 
3 
ALEIPROO 
P4.3ICMSR3 
44 
NC 
4 
l'WMll 
38 
NC 


4 


J'miI 
5 
I'Wm 
39 
P2.OIA08 
5 
P4,4/CMSR4 
45 
P2.51A'3 


6 
EW 
40 
P2.1/A09 
6 
P4.51CMSR5 
46 
P2.6/AI4 


7 
P4.OICMSRO 
41 
P2.2JA10 
7 
P4.61CMTO 
47 
P2.7/A15 


8 
P4.1/CMSRl 
42 
P2.31All 
8 
P4.7/CMT1 
48 
J'miI 


P2.5IA13 
9 
P4.2ICMSR2 
43 
P2.41A12 
9 
RST 
49 
ALEIPROO 


10 
P4.3ICMSR3 
44 
P2.51A13 
10 
P1.OICTOI 
50 
EJWpp 


11 
P4.4ICtv1SR4 
45 
P2.61A14 
11 
P1.,ICTlI 
51 
PO.7/AD7 


12 
P4.51CMSR5 
46 
P2.7/A15 
12 
P1.2JCT21 
52 
PO.61AD6 


13 
P4.6ICMTO 
47 
PSEI'l 
13 
P1.3/CT31 
53 
PO.51AD5 


P2.21Al0 
'4 
P4.7/CMTI 
48 
ALEIPROO 
14 
P1.4/T2 
54 
PO.41AD4 


'5 
RST 
49 
EJWpp 
15 
Pl.5IRT2 
55 
PO.31AD3 


'6 
Pl.OICTOI 
50 
PO.7/AD7 


16 
P1.61SCL 
56 
PO.21AD2 


17 
PU/CT11 
51 
PO.61AD6 


17 
Pl.7/SDA 
57 
PO.1IAD1 


18 
Pl.2ICT21 
52 
PO.51AD5 
18 
P3.OIRxD 
58 
PO.OIADO 


'9 
P3.1/TXO 
59 
AVref- 


40 
19 
P1.3/CT31 
53 
PO.41AD4 
20 
P3.2IIIrnl 
60 
AVref+ 
20 
Pl.4IT2 
54 
PO.3IAD3 


39 
21 
P1.5IRT2 
55 
PO.21AD2 
21 
NC 
61 
AVSS 


22 
Pl.61SCL 
56 
PO.1IAD1 
22 
NC 
62 
NC 


23 
P'.7/SDA 
57 
PO.OIADO 
23 
P3.3I1I'lTT 
63 
AVDD 


17 
29 


24 
P3.OIRxO 
58 
AVref- 
24 
P3.4IT0 
64 
P5.7/ADC7 


25 
P3.1ITxD 
59 
AVref+ 
25 
P3.5IT1 
65 
P5.61ADC6 


18 
28 
26 
P3.2IIIrnl 
60 
AVSS 
26 
P3.6IWR 
66 
P5.51ADC5 


27 
P3.3I1I'lTT 
61 
AVDD 
27 
P3.7/RO 
67 
P5.41ADC4 


28 
P3.4IT0 
62 
P5.7/ADC7 


28 
NC 
68 
P5.31ADC3 


Pin Function 
Pln 
Function 
Pin 
Function 


29 
P3.5IT1 
63 
P5.61ADC6 
29 
NC 
69 
P5.21ADC2 
, 
AVec 
16 
P3.2IIIrnl 
31 
P2.61A14 
30 
NC 
70 
P5.1IADC1 
2 
Vref+ 
17 
P3.3I1I'lTT 
32 
P2.7/A15 
30 
P3.6IWR 
64 
P5.5/ADC5 


3 
Vref- 
18 
P3.41TO 
33 
PSEI'l 
3' 
P3.7/RU 
65 
P5.4/ADC4 
31 
XTAL2 
7' 
P5.OIADCO 


4 
AVss 
19 
P3.5IT1 
34 
ALEIPROO 
32 
NC 
66 
P5.3IADC3 
32 
XTAL1 
72 
VDD 
5 
P1.OIADCO 
20 
P3.6IWR 
35 
EJWpp 
33 
IC 
73 
IC 


6 
Pl.1/ADCl 
21 
P3.7/RO 
36 
PO.7/AD7 
33 
NC 
67 
P5.21ADC2 


7 
Pl.21ADC2 
22 
XTAL.2 
37 
PO.61AD6 
34 
XTAL2 
68 
PS.l/ADCl 
34 
VSS 
74 
STADC 


8 
P1.3IADC3 
23 
XTAL1 
38 
PO.51AD5 
35 
Vss 
75 
l'WMll 
9 
Pl.41ADC4 
24 
Vss 
39 
PO.41AD4 


'0 
Pl.51ADC5 
25 
P2.OIAB 
40 
PO.31AD3 
36 
VSS 
76 
PWI\ll 


11 
Pl.61ADC6 
26 
P2.1IA9 
41 
PO.21AD2 
37 
NC 
n 
EW 


'2 
P1.7/ADC7 
27 
P2.21A'0 
42 
PO.lIADl 


'3 
RST 
28 
P2.31Al1 
43 
PO.OIADO 
38 
P2.OIA08 
78 
NC 


'4 
P3.OIRxD 
29 
P2.41A12 
44 
Vee 
39 
P2.1/A09 
79 
NC 
15 
P3.1!TxD 
30 
P2.5/AI3 
40 
P2.2JA10 
80 
P4.OICMSRO 


NC = not connected 
Ie = intemally 
connected 
(do not use) 


P1.6 and P1.7 have the a~emate func~ons SCL and SDA, respectively, 
on the 80C552183C552187C552. 


80CE558183CE558189CE558, 
P83CE5591P80CE5591P89CE559 


Pin 
Function 
Pin 
Function 


1 
AVrel- 
41 
P3.OIRXD 
Pln 
Function 
Pln 
Function 


2 
AVref+ 
42 
P3.1fTXD 
1 
P5.O/ADCo 
35 
Vss 
3 
AVSS1 
43 
P3.2IIIlTO 


2 
VDD 
36 
P2.OIA08 


4 
AVOOl 
44 
P3.3IfIiITI 


5 
P5.7/ADC7 
45 
P3.4fT0 
3 
STADC 
37 
P2.lIA09 


6 
P5.61ADC6 
46 
P3.5fr1 
4 - 


38 
P2.21Al0 


7 
P5.5/ADC5 
47 
P3.6IWR 
5 
I'Wm 
39 
P2.3iA11 


8 
P5.41ADC4 
48 
P3.7/RO 
6 
EW 
40 
P2.41A12 


9 
P5.31ADC3 
49 
NC 
7 
P4.OICMSRo 
41 
P2.SlA13 


10 
P5.21ADC2 
50 
NC 


8 
42 
P2.61A14 
11 
P5.lIADC1 
51 
XTAL.2 
P4.1ICMRS1 


12 
P5.O/ADCO 
52 
XTAll 
9 
P4.2CMSR2 
43 
P2.7/A15 


13 
Vss, 
53 
VDD3 
10 
P4.3/CMSR3 
44 
PSrn 


14 
VODl 
54 
VSS3 
11 
P4.4ICMSR4 
45 
ALEII'l1OG 


15 
AOEX$ 
55 
P2.OIAB 
12 
P4.5/CMSR5 
46 
"UlVpp 


16 
PWI;IO 
56 
P2.1/A9 
13 
P4.6ICMTo 
47 
Po.7/AD07 
17 
I'Wm 
57 
P2.21Al0 
14 
P4.71CMT1 
48 
PO.61AD06 
18 
EW 
58 
P2.31Al1 


49 
Po.SlAD05 
19 
P4.OICMSRQ 
59 
P2.41A12 
15 
RST 


20 
P4.1/CMSRl 
60 
P2.51A13 
16 
P1.o/CToVINT2 
50 
PoA/AD04 


21 
P4.2ICMSR2 
61 
P2.61A14 
17 
Pl.1/CT1I11NT3 
51 
PO.31AD03 


22 
P4.31CMSA3 
62 
P2.7/A15 
'8 
Pl.2ICT21J1NT4 
52 
Po.21AD02 


23 
RSTOUT 
63 
PSrn 
'9 
Pl.31CT31I1NT5 
53 
PO.l/ADOl 
24 
P4.4ICMSR4 
64 
ALE/WEo 
20 
P1,41T2 
54 
Po.O/ADOO 
25 
P4.5ICMSR5 
65 
EJ; 


26 
P4.6ICMTo 
66 
VQ04 
21 
P1.5IRT2 
55 
REF 


27 
P4.7/CMT1 
67 
VSS4 
22 
CVss 
56 
CRXl 


28 
VDD2 
68 
Po.7/AD7 
23 
P1.61CTXo 
57 
CRXo 


29 
V5S2 
69 
PO.61AD6 
24 
P1.71CTX1 
58 
AVref- 


30 
RSTIN 
70 
Po.SlAD5 
25 
P3.OIRxD 
59 
AVref+ 
31 
P1.o/CToIANT2 
71 
Po.4/AD4 
26 
P3.1fTxO 
60 
AVss 


32 
Pl.1/CT1II1NT3 
72 
PO.31AD3 


33 
P1.2ICT2I/1NT4 
73 
Po.21AD2 
27 
P3.2IIIlTO 
61 
AVOD 


34 
P1.3/CT3I/1NT5 
74 
Po.lIAD1 
28 
P3.3IfIiITI 
62 
P5.7/ADC7 


35 
P'AIT2 
75 
Po.o/ADO 
29 
P3.41T0 
63 
P5.61ADC6 


36 
P1.5/RT2 
76 
AVD02 
30 
P3.5fr' 
64 
P5.SlADC5 


37 
P1.6 
77 
AVSS2 
3' 
P3.6IWR 
65 
P5.41A0C4 
38 
Pl.7 
78 
XTAL3 
32 
P3.7/RO 
66 
P5.31ADC3 
39 
SCL 
79 
XTAL4 


40 
SDA 
80 
SELXTAL1 
33 
XTAL.2 
67 
P5.21ADC2 


34 
XTAll 
68 
P5.lIADC1 
• only 89CE558/89CE559 
with 


altemative function 


Appendix 
A 


80C575/83C575/87C575 


40 
44 
34 


VDD 
39 


33 


PM/ADO 


PO.1/AD1 


CMPll/CEXO/P1. 
4 
PO.21AD2 
11 
23 
17 
29 


CMP1/CEX1/Pl. 
5 
PO.31AD3 


CMP2ICEX2lP1. 
PO.41AD4 
18 
28 
12 
22 


CMP3ICEX3IP1. 
7 
PO.51AD5 


PIn 
Function 
PIn 
Function 
Pin 
Function 
PIn 
Function 


PO.61AD6 
1 
NC 
23 
NC 
1 
P1.5ICMP2/CEX2 
23 
P2.51A13 


PO.71AD7 
2 
T2IP1.OICMPO+ 
24 
P2.ll/A8 
2 
P1.tYCMP3ICEX3 
24 
P2.61A14 


3 
T2EXlP1.1tCM~ 
25 
P2.1/A9 
3 
Pl.7/CEX4 
25 
P2.7/A15 


ElWpP 
4 
P1.2tECI 
26 
P2.21A10 
4 
RST 
26 
I'SEl'I 


Al.EII'IlllG" 
5 
P1.3ICMPOICEXO 
27 
P2.31Al1 
5 
RxOIP3.0 
27 
ALEII'ROO 


6 
Pl.4ICMPllCEXl 
28 
P2.41A12 
6 
NC 
28 
NC 


I'SEl'I 
7 
P1.5ICMP2/CEX2 
29 
P2.51A13 
7 
TxOIP3.1 
29 
ElWpp 


P2.71A15 
8 
P1.tYCMP3ICEX3 
30 
P2.61A14 
8 
1ImlIP3.2 
30 
PO.71AD7 


9 
P1.71CEX4 
31 
P2.7/A15 
9 
lI'ITf1P3.3 
31 
PO.61AD6 
CMPR-ITllIP3. 
P2.61A14 
10 
RST 
32 
I'SEl'I 
10 
T0IP3.41CMPR- 
32 
PO.51AD5 


P2.5/A13 
11 
RxD1P3.0 
33 
ALEII'ROO 
11 
T11P3.51CMP1. 
33 
PO.41AD4 
CMP1+IT1!P3. 


12 
NC 
34 
NC 
12 
WRlP3.tYCMP2+ 
34 
PO.31AD3 


P2.41A12 
13 
Tx01P3.1 
35 
ElWpp 
13 
1ID1P3.71CMP3+ 
35 
PO.21AD2 


CMP3+/IlIl1P3. 
P2.31Al1 
14 
1ImlIP3.2 
36 
PO.71AD7 
14 
XTAL2 
36 
PO.1/AD1 


15 
lI'ITf1P3.3 
37 
PO.61AD6 
15 
XTAL1 
37 
PO.OIADO 


P2.21A10 
16 
T0IP3.4tCMPR- 
38 
PO.51AD5 
16 
VSS 
38 
VCC 
17 
T11P3.51CMPl 
+ 
39 
PO.41AD4 
17 
NC 
39 
NC 
P2.1/A9 


18 
WRlP3.61CMP2+ 
40 
PO.31AD3 
18 
P2.ll/A8 
40 
T2IP1.OICMPO+ 


P2JYA8 
19 
ROIP3.7/CMP3+ 
41 
PO.21AD2 
19 
P2.1/A9 
41 
T2EXIP1.1ICMP~ 
20 
XTAL2 
42 
PO.l/ADl 
20 
P2.21Al0 
42 
Pl.2lECI 


21 
XTAL1 
43 
PO.Q1ADO 
21 
P2.31Al1 
43 
P1.3ICMPOtCEXO 
22 
VSS 
44 
VCC 
22 
P2.41A12 
44 
Pl.4ICMP1/CEXl 
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83C576/87C576 


40 
44 
34 


+VREpAVCC 
I 
VDD 
39 


33 


-VREpAVSS 
2 
PO.OIADOIDBO 


(ADINO) Pl.0 
PO.1fAD1/DB1 


(ADINI)PI.1 
4 
PO.2/AD2IDB2 


(ADIN2) 
Pl.2 
5 
17 
29 
11 
23 
PO.31AD3IDB3 


(ADIN3) 
P'.3 
6 
PO.41AD4/DB4 


18 
28 


12 
22 
(ADlN4) 
P1.4 
7 
PO.51AD5IDB5 


(ADIN5) 
P1.5 
PO.61AD6IDB6 
Pin 
Function 
Pin 
Function 
Pin 
Function 
Pin 
Function 


1 
NC 
23 
NC 
1 
ADIN3IP1.3 
23 
P2.51Al3IT2ICS 


PO.7/AD7/OB7 
2 
24 
P2.OIA8ICEXOICMPO 
2 
ADIN4IP1.4 
24 
P2.61A14ICEX4I 
+VREpAVCC 


PWMO 
RxDIP3.0 
EJWPP 
-VREpAVSS 
25 
P2.1/A9/CEX1ICMPl 
3 
ADIN5IP1.5 
25 
P2.7/Al5/PWMI/ECI 


TxDIP3.1 
ALEIPIlOO 
4 
ADIN0IP1.0 
26 
P2.21A101CEX21CMP2 
4 
RST 
26 
J'SEIil 
5 
ADINI/P'.l 
27 
P231A11.cEX3ICMP3 
5 
RxDIP3.0 
27 
ALEIPIlOO 
CMP3+I1flTOIP3.2 
J'SEIil 
6 
ADIN2/P1.2 
28 
P2.41A 121T2EXlAO 
6 
NC 
28 
NC 


CMP2+/IlilTl/P3.3 
1 
P2.7/Al51 
7 
ADIN3IP1.3 
29 
P2.5/A13IT2ICS 
7 
TXD/P3.1 
29 
EJWPP 
PWMIECI 
8 
ADIN4IP1.4 
30 
P2.61A I 4ICEX4/PWMO 
P2.61Al41 
8 
If'IT0IP3.2 
30 
PO.7/AD7/DB7 
CMP1+IT0IP3.4 
CEX4IPWMO 
9 
ADIN5IP1.5 
31 
P2.7/Al5lPWM1/ECI 


9 
If'IT1/P3.3 
31 
PO.6IAD6IDB6 


P2.51A 13IT2ICS 
10 
RST 
32 
J'SEIil 
10 
T0IP3.4/CMPR- 
32 
PO.51AD5IDB5 
CMPR-IT1/P3.5 
11 
AxD1P3.0 
33 
ALEIPIlOO 
11 
T11P3.5/CMP1+ 
33 
PO.41AD4IDB4 


CMPO+iWRIP3.6 
1 
P2.41Al2J 
12 
NC 
34 
NC 
T2EX1AO 
12 
WRlP3.6ICMP2+ 
34 
PO.31AD3IDB3 


P2.31A11/ 
13 
TxDlP3.1 
35 
EJWPP 
13 
RU/P3.7CMP3+ 
35 
PO.2/AD2IDB2 
CMPo-t!lD/P3.7 


CEX3ICMP3 
14 
If'IT0IP3.2/CMP3+ 
36 
PO.7/AD7/DB7 
14 
XTAL2 
36 
PO.1/AD1/DBl 


XTAL2 
P2.2/A101 
15 
If'IT1/P3.3ICMP2+ 
37 
PO.61AD6IDB6 
XTALl 
CEX2/CMP2 
15 
37 
PO.OIADOIDBO 


P2.1fA9I 
16 
T0IP3.4ICMP1 
+ 
38 
PO.51AD5IDB5 
16 
VSS 
38 
VCC 
XTALl 
1 
CEX1ICMPI 
17 
T1/P3.5ICMPR- 
39 
PO.41AD4iDB4 
17 
NC 
39 
NC 


VSS 
P2.OIA8I 
18 
WRlP3.6ICMPO+ 
40 
PO.31AD3IDB3 
18 
P2.OIABlCEXOI 
40 
CEXOICMPO 
19 
RU/P3.7.cMP()- 
41 
PO.2/AD2IDB2 
CMPO 
+VREF/AVCC 


20 
XTAL2 
42 
PO.1fADI/DB1 
19 
P2.1/A9ICEX1/ 
41 
-VREpAVSS 


21 
XTAl1 
43 
PO.OIADOIDBO 
CMP1 


22 
VSS 
44 
VCC 
20 
P2.2/A101CEX2/ 
42 
ADIN0IP1.0 


CMP2 


21 
P2.31Al1ICEX3I 
43 
ADIN11P1.1 


CMP3 


22 
P2.41Al21T2EX1AO 
44 
ADIN2/P1.2 
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A 


80CE654/83CE654 


44 
34 


33 


11 
23 


12 
22 


Pin 
Function 
Pin 
Funetfon 


1 
P1.5 
23 
P2.5IA13 


2 
P1.6/SCL 
24 
P2.61A14 


3 
P1.7/S0A 
25 
P2.7/A15 


4 
RST 
26 
PSEf< 


5 
P3.OIRxD 
27 
ALE 


6 
VSS4 
28 
VSS2 


7 
P3.1ffxD 
29 
~ 


8 
P3.2I1mO 
30 
PO.7/AD7 


9 
P3.3IIIlTf 
31 
PO.61AD6 


10 
P3.4ff0 
32 
PO.5IA05 


11 
P3.5ITI 
33 
PO.41A04 


12 
P3.6JWR 
34 
PO.31A03 


13 
P3.7RO 
35 
PO.21A02 


14 
XTAL2 
36 
PO.lIAOI 


15 
XTAll 
37 
PO.OIADO 


16 
VSS1 
38 
VOO2 


17 
VOOI 
39 
VSS3 


18 
P2.OIAB 
40 
Pl.0 


19 
P2.1IA9 
41 
Pl.1 


20 
P2.21Al0 
42 
Pl.2 


21 
P2.31Al1 
43 
Pl.3 


22 
P2.4/A12 
44 
Pl.4 


Pin 
Function 
Pin 
Function 


1 
AVref- 
41 
P3.OIRXO 


2 
AVref+ 
42 
P3.1frXD 


3 
AVss 
43 
P3.2I1mO 


4 
AVoo 
44 
P3.3IIIlTf 


5 
P5.7/AOC7 
45 
P3.4ff0 


6 
P5.61ADC6 
40 
P3.5ITI 


7 
P5.51ADCS 
47 
P3.6JWR 


8 
P5.41ADC4 
48 
P3.71RU 


9 
P5.31ADC3 
49 
NC 


10 
P5.21ADC2 
50 
NC 


11 
P5.1/ADCl 
51 
XTAL.2 


12 
P5.OIADCO 
52 
XTAL1 


13 
VSSl 
53 
Vooo 


14 
VODl 
54 
VSS3 


15 
STADC 
55 
P2.OIA08 


16 
I'wml 
56 
P2.lIA09 


17 
PW!Af 
57 
P2.21Al0 


18 
EW 
58 
P2.31A11 


19 
P4.OICMSRO 
59 
P2.41AI2 


20 
P4.1JCMSRl 
60 
P2.51A13 


21 
P4.21CMSR2 
61 
P2.61A14 


22 
P4.3ICMSR3 
62 
P2.7/A15 


23 
NC 
63 
PSEf< 


24 
P4.41CMSR4 
64 
AI.EII'I1OO 
• 


25 
P4.5ICMSR5 
65 
EJWpp· 


26 
P4.6ICMTO 
66 
NC 


27 
P4.7/CMTl 
67 
NC 


28 
VSS2 
68 
PO.7/A07 


29 
VOD2 
69 
PO.61AD6 


30 
RST 
70 
PO.5IA05 


31 
Pl.O/CTOIIINT2 
71 
PO.41AD4 


32 
Pl.1/CT11/INT3 
72 
PO.31A03 


33 
P1.21CT2I/1NT4 
73 
PO.21A02 


34 
Pl.31CT31IlNT5 
74 
PO.l/AD1 


35 
Pl.41T2 
75 
PO.OIADO 


36 
Pl.5IRT2 
76 
AVD04 


37 
CVss 
77 
AV••• 


38 
Pl.6ICTXO 
78 
REF 


39 
Pl.7/CTXl 
79 
CRXl 


40 
CVoo 
80 
CRXO 


• only 87CE598 with a1temative function 


83C748/87C7 48, 
83C750/87C750, 
83C751/87C751 


VCC 


P3.51AS 


Pl.1lIIRTf1D8 


Pl.5IIR11IID5 


PO.:llVpp 6 


PO.l/SDAI 
7 


OE-¥GM' 
PO.~CLJ 


ASEl' 


26 


25 


18 


12 
11 


Pin 
Function 
Pin 
Function 


1 
P3.4/A4 
15 
Pl.OIDO 


2 
P3.31A3 
16 
Pl.11D1 


3 
P3.21A2JA10 
17 
P1.2JD2 
4 
P3.lIAlIA9 
18 
Pl.3ID3 


5 
N.C. 
19 
Pl.41D4 


6 
P3.OIAOIA8 
20 
Pl.5/11mlID5 
7 
PO.2Npp 
21 
N.C. 


8 
PO.l/SDAIOE-PGM 
• 
22 
N.C. 
9 
PO.OISCLJASEl· 
23 
Pl.61l1ITllD6 
10 
N.C. 
24 
Pl.7IT0ID7 


11 
RST 
25 
P3.7/A7 


12 
X2 
26 
P3.61A6 


13 
Xl 
27 
P3.5IAS 


14 
VSS 
28 
VCC 


PO.1and PO.Ohave the alternate 
functions SCL and SDA, respectively, on 
the 83C751/87C751. 


83C7 49/87C7 49, 
83C752187C752 


Pin 
Function 
Pin 
1 
P3.41A4 
15 


2 
P3.31A3 
16 


3 
P3.21A21Al0 
17 


4 
P3.lIAlIA9 
18 


5 
P3.OIA01AB 
19 


6 
PO.2Npp 
20 
7 
PO.lISDAlOE-f'GM· 
21 
8 
PO.OISCLJASEl· 
22 


9 
RST 
23 
10 
X2 
24 
11 
Xl 
25 
12 
Vss 
26 


13 
P1.OIADC01DO 
27 
14 
P1.lIADC1!Dl 
28 


VCC 


P3.51AS 


P3.61A6 


P3.7/A7 


PO.4IPWMOUT 


PO.3 


Pl.7rr0lD7 


P1.1lIIRTf1D8 


Pl.5IlR11IJD5 


AVec 


AVSS 


P1.4/ADC41D4 


Pl.31ADC3ID3 


P1.21ADC2ID2 


26 


25 


Function 
Pl.21ADC21D2 
Pl.31AOC3ID3 
Pl.41ADC4/04 


AVss 
AVec 
Pl.5I1N'T'OIOS 
Pl.1lIIRTf ID6 
Pl.7fT0ID7 
PO.3 
PO.41PWMOUT 
P3.7/A7 
P3.61A6 
P3.5JAS 
Vcc 


PO.1 and PO.Ohave the alternate 
functions SCL and SDA, respectively, on 
the 83C752/87C752. 


1NT3IT2EXlP1.1 
2 


INT4IP1.2 


PO.21AD2 


PO.3/AD3 


PO.41AD4 
1NT7/P1.5 


SCUlNT8IP1.6 
PO.5IAD5 


PO.61AD6 


PO.7/AD7 


RxDldatalP3.0 
1 


TxDlclock/P3.1 


1RTlItP3.2 1 


1RTl1P3.3 


TOIP3.4 
1 


T11P3.5 
1 


WRIP3.6 
1 


1lD1P3.7 1 


XTAL2 


XTAL1 
1 


P2.7/A15 


P2.61A14 


P2.5IA13 


P2.41A12 


P2.31A11 


P2.21A10 


P2.1/A9 


P2.ll/A8 


Pl.5IINT7 


Pl.6IINT8ISCL 


p1.7nNTBISDA 
3 


g 


u 8 ~ 
z > f 


80CL580/83CL580 


Voo 


P2.0 


P2.1 


P2.2 


PSER 


ALE 


EX 


P2.3 


P2.4 


P2.5 


P4.4 
P2.6 


P2.7 


PO.7 


P4.7 
PO.8 


RST 
PO.5 


PO.4 


P1.1 
PO.3 


P1.2 
PO.2 


P1.3 
PO.l 


P1.4 
PO.O 


Pl.5 
P3.7 


P1.6 
P3.6 


P3.5 


P3.4 


"EWR 
P3.3 


XTAL2 
P3.2 


P3.1 


VSS 
P3.0 


1°10: 


" 
"l ~ ~ ~ ~ .. ~ 
~ ~ ~ ~ ~ " ~i 
lill 
~ 
~ 
" 
Z 
Z 
z 
51 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 


ALE 


PSER 


P2.2 


P2.1 


Voo 


HC 


AD35 


AD2 


_ ~ 
PIN 1lDENTlFlCAnON 
AVREFP 
8 
C5 


AVSS 


2 
3 
4 
5 
8 
7 
8 
9 
1 
11 
1 


0 l " 
"! 
.., ~i .. " 
": 
l- t: 
1;1 g I~I~" " I~ 
t. 
z 
<:: 
t. 
<:: 
t. 
z 
<:: 
II> 
z 
Z 
0: 
t: ~ :;; :$ 
I~ 
:ii 


C! I~I~~ ~ 
0: 


0: ;; ~ 
.. -'.. 


PO.41AD4 


PO.5IAD5 


PO.61AD6 


PO.7/AD7 


EX 


HC 


ALE 


PSER 


P2.7/A15 


P2.61A14 


P2.51A13 


P3.4ITO 


P3.3/IRTl 


P3.2tIIml 


P3.1/TXD 


P3.otRXD 


VSS 
XTALl 


XTAL2 


"EWR 


1'WIIO 


Pl.7/SDA 


Pl.6IIRTfISCL 


